
924 Anacapa Street, Suite 4A  
Santa Barbara, CA 93101 

PH 805.897.3800 
www.geosyntec.com 

 

 

M e mo r a n d u m 

Date: 12 October 2015 

To: Cathleen Garnand, 
County of Santa Barbara, Project Clean Water 

From: Avery Blackwell, P.E., Brandon Steets, P.E., and Stacey Schal Geosyntec 
Consultants 

Subject: Program Effectiveness Assessment and Improvement Plan 
Approach to Quantify Pollutant Loads and Pollutant Load Reductions 

Attachments: Attachment A – Preliminary maps of MS4 Permit areas and land use group 
consolidation 

 

INTRODUCTION 

In accordance with the 2013 California Phase II General Municipal Separate Storm Sewer System 
(MS4) Permit (MS4 Permit) and the Central Coast Regional Water Quality Control Board 
(Regional Board) requirements, this memo outlines the proposed approach to quantify pollutant 
loads and pollutant load reductions achieved by the Program Effectiveness Assessment and 
Improvement Plans (PEAIPs) for the County of Santa Barbara, and the Cities of Buellton, Solvang, 
Goleta, and Carpinteria (jurisdictions).  The MS4 Permit specifically requires a PEAIP to include 
“quantification of pollutant loads and pollutant load reductions achieved by the program as a 
whole” (Section E.14.a.ii.a.6) and to “quantitatively assess BMP performance at reducing pollutant 
loads wherever feasible, using … science-based estimates of pollutant load removal for BMPs 
where direct measurement of pollutant removal is overly challenging” (Sections E.14.a.ii.d.2 and 
E.14.a.ii.b.4). On July 25, 2014, the Regional Board provided an “Effectiveness Assessment and 
Monitoring” guidance letter (Regional Board Letter) in which they clarify the requirements of the 
Year 2 submittal, including that the quantification approach should: 

• “Evaluate and select flow and pollutant loading models; 
• Prioritize load quantification by catchment; and 
• Provide schedule for completing pollutant load quantification to inform submittal of 

Stormwater Program Modifications by Year 5”. 

In order to assist with fulfilling these requirements, a modeling tool (“model”) will be developed 
that is capable of calculating existing (baseline) pollutants loads within a designated area and 
estimating the anticipated load reductions resulting from implementation of a suite of BMPs. The 
jurisdictions will be able to utilize the model to, either directly or as a starting point: 
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1) prioritize catchments1 (or land uses), based on pollutant contributions and jurisdictional 
pollutant priorities, for BMP implementation, including MS4 cleaning, structural BMP 
placement, etc.; 

2) prioritize BMPs for mitigating various land use-based threats to water quality by 
comparing their relative cost-benefit; 

3) forecast the long-term BMP implementation needs and cost to meet TMDL Waste Load 
Allocations (WLAs); 

4) meet watershed planning requirements necessary for state grant eligibility;  
5) identify and prioritize potential structural BMP retrofit opportunity sites; and 
6) quantify the average annual water supply benefits of structural BMPs that are capable of 

infiltrating runoff into groundwater.  

EVALUATION OF MODELS 

In accordance with the first modeling related step listed in the Regional Board Letter, various 
modeling options were evaluated for use. The model options were narrowed down to three, which 
covered a range from complex to simple. They included the Structural BMP Prioritization and 
Analysis Tool (SBPAT); the Tool for Estimating Load Reductions (TELR); and a tailored 
spreadsheet-based pollutant load calculator.  Table 1 is a model comparison matrix that was 
developed for evaluating modeling options for the Santa Barbara County jurisdictions.  

SBPAT (available at www.sbpat.net) builds off the published and ASCE award-winning structural 
BMP planning methodology (www.labmpmethod.org). SBPAT is a public domain, “open source” 
GIS-based water quality analysis tool that is specifically designed to prioritize urban catchments 
based on unit area pollutant loading, identify regional structural BMP retrofit opportunity sites, 
and quantify BMP pollutant load reductions and costs. The tool was named by the Los Angeles 
Regional Water Quality Control Board to be one of only two models approved for use in 
Reasonable Assurance Analysis (similar in nature to the modeling required for the MS4 Permit) 
and has been successfully demonstrated in over fifteen Southern California TMDL implementation 
plans and watershed management plans for MS4 BMP siting and prioritization purposes (e.g., City 
of Los Angeles Bureau of Sanitation, 2012, County of Ventura, 2015, Beach Cities EWMP Group, 
2015, City of Los Angeles et al., 2015, North Santa Monica Bay Coastal Watersheds EWMP 
Group, 2015, Palos Verdes Peninsula Watershed Management Group, 2015, Geosyntec 
Consultants, 2012b, Geosyntec Consultants, 2012c, City of Los Angeles. 2009, Los Angeles 
Gateway Region, 2015, City of Walnut, 2015, Ventura County Watershed Protection District, 

                                                 

1 The catchments used in the model refer to the MS4 outfall drainage areas that were mapped as required in the MS4 
Permit (Section E.9.a). 

http://www.sbpat.net/
http://www.labmpmethod.org/
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2010, etc.). However, the evaluation of SBPAT revealed that the tool was too resource intensive 
for the jurisdictions to be the best option for the modeling required in the MS4 Permit.  

TELR is a publically available, easy to use model that produces estimates of average annual 
volume and sediment loads and load reductions using a spatial, catchment-scale analysis. A 
baseline average annual total suspended solids (TSS) load is estimated based on land use 
distribution and hydrologic connectivity of the catchment to the receiving waters, and the average 
annual pollutant load reductions are estimated after implementation of stormwater program 
actions, including source control and structural BMPs, in the catchment for the respective year 
evaluated.  The current loading after BMPs for each catchment area are normalized to produce 
catchment rankings. Since the TELR methodology does not currently incorporate pollutant-based 
catchment loading (rather runoff volume and sediment loads are used as surrogates), the TELR 
was found to be inadequate for meeting the stated need of developing accurate catchment 
prioritization that reflects County-specific priority water body-pollutant combination2.   

The tailored spreadsheet model is a tool created in Excel that calculates baseline loads for a variety 
of pollutants using land use designations, average annual precipitation data, runoff coefficients 
(determined from land use, estimated imperviousness, and hydrologic soil groups). The baseline 
loads are determined from an average annual runoff volume and an average event mean 
concentrations (EMCs) for each unique land use. The model can address pollutant load reductions 
with the addition of BMPs through a simple input interface. Catchment specific load reductions 
are calculated and summarized in several formats to allow for easy transfer to reports. The model 
utilizes area-specific GIS input and produces data to create color-coded maps that reflect 
catchment prioritization based on the structural BMP planning methodology used in SBPAT for 
either a single pollutant or for multiple pollutants weighted by local priorities. The spreadsheet 
model was determined to be the best option for the Santa Barbara County jurisdictions because of 
flexibility, watershed specific modeling components, and ease of use.  

                                                 

2 See Figure 3 and Figure 4 below for the difference between prioritizing catchments based on TSS versus jurisdiction 
specific priority water body-pollutant combinations. 
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Table 1. Evaluation of Modeling Approaches 

 
SBPAT TELR 

Tailored spreadsheet-
based load calculator 

Primary Factors ("need to haves") 
Ability to perform minimum 
requirements from CCRWQCB 
“Quantification of pollutant loads and 
pollutant load reductions achieved by 
the program as a whole” 

   

Ability to incorporate/utilize SB 
County land use monitoring data    

Ability to make accurate load-based 
catchment prioritizations    

Ability to accurately quantify water 
quality benefits of structural BMPs     

Ease of use by jurisdictions     
Low cost to apply the model for 
CCRWQCB required submittals    

Secondary factors ("like to haves") 
Ability to support SB County 
jurisdictions in making accurate 
catchment prioritization and 
quantifying BMP reductions that 
reflect County-specific priority water 
body-pollutant combination 

   

Ability to demonstrate quantitative 
performance of Nonstructural BMPs  

 
(Suite of BMPs 

unknown) 

 
(wider suite potentially 

available) 
Ability to support parcel-level siting 
of structural BMPs   * 

Ability to estimate cost of structural 
BMPs   * 

* Functionality will not initially be provided but can be incorporated into the tool at a later date if desired. 

MODELING APPROACH 

The spreadsheet model selected is an easy to use, land use-based calculator designed to: 

1. estimate wet weather average annual baseline pollutant loads -- from the full watershed, 
the MS4 Permit area, and the catchments;  
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2. produce a catchment prioritization that reflects agency-specific priority water body-
pollutant combination (WBPCs), weighted based on local agency relative priorities 
(similar to the approach used in SBPAT); and 

3. use a static spreadsheet approach to estimate wet weather pollutant load reductions 
anticipated from new or enhanced non-structural BMPs included in the PEAIP, consistent 
with methodologies established by Southern California precedent and available literature. 

The model will be designed in a flexible and intuitive manner to allow for future use and 
modification as the agencies collect additional land use monitoring data, develop BMP 
performance data, and/or expand BMP implementation. The model can be updated to enable 
quantification of structural BMPs, as desired by the jurisdictions. The model will contain a 
summary tab that provides jurisdictional results in a graphically appealing format and allows for 
easy transfer to reports. The model will be created in Microsoft Excel and will utilize data from 
existing GIS shapefiles. Details of the modeling approach for the three main components are 
outlined in the following sections. 

Estimate Baseline Pollutant Loads 

The model will break up the MS4 Permit areas, located in several different watersheds, into 
catchments according to outfall delineations provided by each jurisdiction. Each catchment is then 
characterized by distinct land use, imperviousness, and soil type combinations, which are used to 
determine runoff coefficients. Historical meteorological data is used to determine the average 
annual rainfall representative of the modeled areas and combined with the distinct land use areas 
and runoff coefficients to determine predicted annual runoff volumes. Estimated volumes are then 
used with land use average EMCs for applicable land use-pollutant combinations to calculate 
predicted annual pollutant loads.  

Catchment Characterization 

Each catchment will be divided into smaller areas based on land use classification, imperviousness, 
and hydrologic soil group in order to assign a corresponding runoff coefficient. This 
characterization within a given catchment will result in a more accurate estimate of runoff 
volumes, rather than applying a general land use and soil type to an entire catchment. The GIS 
datasets required for jurisdiction-specific model development are presented in Table 2. Datasets 
provided by each jurisdiction will be given priority over data obtained from third party sources. 
The provided datasets will then be converted to standardized formats (i.e., layer type and spatial 
reference). Then the land use, hydrologic soil group, and imperviousness will be grouped within 
MS4 Permit areas, utilizing GIS tools, for integration into the model, as described below. 
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Table 2: GIS Datasets Needed for Development of the Model 

Description Format 
Watershed boundaries (encompassing MS4 Permit areas) Vector (poly) 
Land Use Vector (poly) 
Percent Impervious (if available) Raster 
Roads (if excluded from land use dataset) Vector (line) 
Soils Vector (poly) 
Precipitation (rain gages) Vector (point) 
MS4 Permit Areas Vector (poly) 
Outfall Catchments Vector (poly) 
Aerial Imagery1 Raster 
Streams1 Vector (line) 
Storm Drains1 Vector (line) 
Outfalls1 Vector (point) 

1 Not required for model calculations, but would be used to improve visual output in GIS  

Each jurisdiction’s land use categories contain varying and unique descriptors which are more 
detailed than those to be used in the model. For purposes of modeling, the County land use 
categories will be consolidated into the nine general land use groups shown in Table 3. 

Table 3. Land Use Groups 

Land Use Groups 
Single-Family Residential 
Multi-Family Residential 
Transportation 
Vacant (Open Space) 
Commercial 
Industrial 
Agriculture 
Education 
Water 

 

If a parcel dataset, which typically excludes roads, is used to characterize land use, gaps in the file 
may be manually filled in with transportation land uses. Aerial imagery may be used to confirm 
that gaps in the parcel dataset can be classified as roads or transportation and updated accordingly. 
If transportation related land uses are included in the main land use dataset, this step is unnecessary.   



Quantitative BMP Model Approach for Santa Barbara County 
12 October 2015 
Page 7 

The soil data will be characterized by hydrologic groups (A, B, C, or D), which for the purposes 
of the model, defines the runoff potential of each soil type. Hydrologic soil group A is defined by 
a high saturated hydraulic conductivity (i.e., high infiltration potential) and therefore has low 
runoff potential. Alternatively, hydrologic soil group D has high runoff potential and low saturated 
hydraulic conductivity. Depending on the format of the soils dataset, hydrologic soil groups may 
have to be manually assigned based on soil types. 

Percent imperviousness will use typical values based on detailed land uses obtained from literature 
and used to estimate a typical percent impervious value for the land uses within each catchment. 
If available, the imperviousness values will be assigned based on the detailed land uses and not 
the general land uses described in Table 3.  Using the more detailed land use dataset will account 
for the variation in percent impervious values throughout each specific land use and will provide 
results more representative of the modeled area. 

Runoff Coefficients 

In order to estimate runoff volumes from the MS4 Permit areas, representative runoff coefficients 
must first be calculated for the modeled area. A runoff coefficient is a dimensionless coefficient 
that relates the amount of runoff volume to the amount of precipitation. For example, a runoff 
coefficient of 0.6 would mean that 60% of the rainfall volume would run off the land as overland 
flow. Runoff coefficients will be larger for areas that have low infiltration and high runoff potential 
(i.e., more developed areas with steeper gradients) and runoff coefficients will be smaller for areas 
with high infiltration and lower runoff potential (i.e., permeable land with flat slopes).  A runoff 
coefficient will be calculated for each land use, imperviousness, and soil group combination per 
catchment using the combined GIS dataset previously described (including land use, 
imperviousness, soil group per catchment). Equation 1 will be used to calculate a runoff coefficient 
(C) by accounting for the effects of development, using the pervious runoff coefficient based on 
soil type and the amount of impervious area (Ventura Countywide Stormwater Quality 
Management Program, 2011). The 0.95 in Equation 1 accounts for the general assumption that no 
development is completely impervious and also accounts for initial abstraction losses in developed 
areas. 

      )1(95.0 IMPCIMPC p −×+×=     (1) 

Where, 
C = runoff coefficient (equals 0.95 for impervious surfaces) 
IMP = impervious fraction 
Cp = pervious runoff coefficient, determined based on soil type 
(see Table 4) 
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Table 4. Pervious Runoff Coefficients (Ventura Countywide Stormwater Quality Management Program, 2011) 

Hydrologic Soil Group Cp 
D 0.15 
C 0.10 
B 0.05 
A 0 

Precipitation Data  

Historical precipitation data, used to determine the average annual rainfall depth over the available 
Period of Record (POR), is the only meteorological component required in the model analysis. In 
order to capture geographic variations in precipitation, the MS4 Permit areas may be divided into 
polygons covered by different rainfall stations. For each MS4 agency, a rainfall station will be 
selected that is in close proximity and contains at least 30 years of data in the POR. Multiple 
jurisdictions may utilize data from the same rainfall station if it meets the aforementioned criteria. 
Historical rainfall data for Santa Barbara County can be downloaded from the County of Santa 
Barbara Public Works Department (http://cosb.countyofsb.org/pwd/pwwater.aspx?id=3790).   

This data will be used to determine the total annual rainfall depth for each water year (September 
to August) in the POR at each jurisdiction’s selected rainfall station. The average annual rainfall 
depth (calculated from the total water year depths over the POR) will be used for all wet weather 
calculations in the model. Snowmelt, groundwater baseflow, and evaporation will not be taken 
into account. However, due to the lack of significant levels of snowfall and groundwater baseflow 
data over the majority of the area, these hydrologic components are not expected to be significant.  

Runoff Volume 

The model will then use the Rational Method to estimate the annual runoff volume (Q) generated 
from each catchment, using the catchment characterization, runoff coefficients, and precipitation 
described above. The equation for the Rational Method is shown in Equation 2 (LACDPW, 2006). 

∑ ××=
x

xx ACPQ
12

       (2) 

Where:  
Q = runoff volume (ac-ft), for a catchment 
P = rainfall depth (in) 
Cx = runoff coefficient 
Ax = drainage area (ac) 
x = each unique land use, imperviousness, and soil type 
combination (within each catchment) 

http://cosb.countyofsb.org/pwd/pwwater.aspx?id=3790
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Hydrologic Calibration 

Since the runoff coefficient is determined using an empirical formula that does not account for 
site-specific conditions, a calibration will be performed to adjust the runoff coefficients if needed.   
This calibration will compare calculated annual discharge volumes to streamflow gage observed 
annual discharge volumes.  The streamflow gauge selected will be located in or near the modeled 
area, include a POR greater than 10 years, and have a predominately urban drainage area, to reflect 
streamflow from an area similar to the MS4 modeled areas.  

Annual rainfall data will be collected for a rainfall station in close proximity to the selected 
streamflow gage and with an overlapping POR. Total annual volumes measured by the streamflow 
gage (subtracting baseflow) will be compared to annual runoff volumes predicted by the model, 
using annual rainfall depths from the selected rainfall station. The runoff coefficients in the model 
will then be adjusted based on a constant factor to minimize the overall difference between the 
observed and predicted volumes.  This process will potentially result in increased or decreased 
model runoff and will allow for assigned runoff coefficients that more accurately represent the 
modeled area.   

Pollutants and EMCs 

Four categories of 12 pollutants were identified as modelable. The term “modelable” is defined 
here to mean that there are current, available, and sufficient land use EMC data to support modeling 
analysis.  This is the case for the following pollutant categories: (1) Total suspended solids, (2) 
Nutrients, (3) Metals, and (4) Indicator Bacteria (Fecal Coliform). The specific modelable 
pollutants are listed below in Table 5. The jurisdictions will be able to add pollutants to the model 
if/when sufficient data become available in the future.  
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Table 5. Modelable Pollutants  

Category Pollutant Abbreviation 
Indicator Bacteria Fecal Coliform Fecal Col. 

Nutrients 

Total Phosphorus Tot P 
Ammonia NH3 
Nitrate NO3 
Total Kjeldahl Nitrogen TKN 
Dissolved Phosphorus Diss P 

Metals 

Total Copper Diss Cu 
Total Lead Tot Pb 
Total Zinc Tot Zn 
Dissolved Copper Diss Cu 
Dissolved Zinc Diss Zn 

Sediment Total Suspended Solids (TSS) TSS 
 

Once the annual runoff volume of each catchment is calculated, the model will use pollutant EMCs 
to determine annual pollutant loadings. An EMC is the mean concentration of a pollutant found in 
storm runoff. The EMC is typically based on compositing flow weighted samples over a runoff 
event. The land use EMCs proposed for use in the model were taken from Los Angeles region 
SBPAT values which include data from Los Angeles County, Ventura County, and SCCWRP Los 
Angeles region land use data. These data have been used in multiple TMDL Implementation Plans, 
Watershed Management Plans (WMPs), and Enhanced Watershed Management Plans (EWMPs). 
Select EMC values specified for fecal coliform were modified for Ventura County and used in the 
Draft Santa Clara River Bacteria TMDL Implementation Plan (County of Ventura, 2015). The 
SBPAT User’s Guide (Geosyntec, 2012) contains additional detail on the datasets from which the 
default values were derived.  The proposed EMC values for use in the model, including their 
data sources, are summarized in Table 6. These are log distributional statistics that are shown 
here in arithmetic space for ease of review (i.e., they are converted from log space values). The 
number of samples used to develop the EMC dataset from each data source are shown in Table 7. 
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Table 6. Proposed EMCs for Model – Arithmetic Estimates of the Lognormal Means 

Land Use 
Pollutants 

TSS 
mg/L 

Tot P 
mg/L 

Diss P 
mg/L 

NH3 
mg/L 

NO3 
mg/L 

TKN 
mg/L 

Diss Cu 
ug/L 

Tot Cu 
ug/L 

Tot Pb 
ug/L 

Diss Zn 
ug/L 

Tot Zn 
ug/L 

Fecal Col.a 
#/100mL 

Single-Family 
Residential 124.2 0.40 0.32 0.49 0.78 2.96 9.4 18.7 11.3 27.5 71.9 15,600 

Commercial 67.0 0.40 0.29 1.21 0.55 3.44 12.3 31.4 12.4 153.4 237.1 5,510 

Industrial 219.2 0.39 0.26 0.60 0.87 2.87 15.2 34.5 16.4 422.1 537.4 18,700 

Education (Municipal) 99.6 0.30 0.26 0.40 0.61 1.71 12.2 19.9 3.6 75.4 117.6 11,800b 
Transportation 77.8 0.68 0.56 0.37 0.74 1.84 32.4 52.2 9.2 222.0 292.9 1,680 
Multi-Family 
Residential 39.9 0.23 0.20 0.50 1.51 1.80 7.4 12.1 4.5 77.5 125.1 11,800c 

Agriculture (row crop) 999.2 3.34 1.41 1.65 34.40 7.32 22.5 100.1 30.2 40.1 274.8 24,800 

Vacant / Open Space 216.6  0.12  0.09 0.11 1.17 0.96  0.6 10.6 3.0 28.1 26.3  484 

  Based on 1996-2000 data for Los Angeles County land use sites (Los Angeles County, 2000). 

  Based on Ventura County MS4 EMCs (Ventura County, 2003). 

  Based on 2000-2005 Southern California Coastal Water Research Project (SCCWRP) Los Angeles region land use data 
(SCCWRP, 2007b). 

  Based on Ventura County MS4 monitoring data (County of Ventura, 2015). 

 
 Based on samples collected from the Arroyo Sequit reference watershed in western Los Angeles County, or 11 samples collected 

between December 2004 and April 2006.  Data were used by the Los Angeles Regional Board for multiple bacteria TMDLs and are 
taken from (SCCWRP, 2005) and (SCCWRP 2007a). 

 

a Where original data were for E. coli, values were divided by 0.85 to adjust to fecal coliform. 
b Multi-Family Residential EMC used since educational land use site not available in the SCCWRP fecal coliform dataset. 
c The fecal coliform EMC for the multi-family residential land use is based on SCCWRP dataset for “high-density residential.” 
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Table 7. Number of Data Points for Land Use EMC Data 

Land Use 
Pollutants 

TSS Tot 
P 

Diss
P NH3 NO3 TKN Diss 

Cu 
Tot 
Cu 

Tot 
Pb 

Diss 
Zn 

Tot 
Zn 

Fecal 
Col.a 

Single-Family 
Residential 41 42 42 44 43 46 48 48 48 48 48 34 

Commercial 31 32 33 33 33 36 40 40 40 40 40 14 
Industrial 53 55 56 57 56 57 61 61 61 61 61 35 
Education (Municipal) 51 49 49 52 51 51 54 54 54 54 54 N/Ab 

Transportation 75 71 71 74 75 75 77 77 77 77 77 2 
Multi-Family 
Residential 45 38 38 46 46 50 54 54 54 54 54 7 

Agriculture  (row crop) 20 18 18 21 19 17 18 21 21 21 21 23 
Vacant / Open Space 48 46 44 48 50 50 52 52 57 52 52 11 
  Based on 1996-2000 data for Los Angeles County land use sites (Los Angeles County, 2000) 
  Based on Ventura County MS4 EMCs (Ventura County, 2003) 
  Based on 2000-2005 SCCWRP Los Angeles region land use data (SCCWRP, 2007b) 
  Based on Ventura County MS4 monitoring data (County of Ventura, 2015). 

 

 Based on samples collected from the Arroyo Sequit reference watershed in western Los Angeles 
County, or 11 samples collected between December 2004 and April 2006.  Data were used by the 
Los Angeles Regional Board for multiple bacteria TMDLs and are taken from (SCCWRP, 2005) 
and (SCCWRP 2007a). 

a Where original data were for E. coli, values were divided by 0.85 to adjust to fecal coliform. 
b Multi-Family Residential EMC used since educational land use site not available in the SCCWRP fecal 
coliform dataset. 
 

The estimated annual runoff volume and the land use EMCs shown in Table 6 will be used to 
develop a baseline, or an “existing conditions”, scenario to assess the current wet weather pollutant 
loadings in the modeled area, with no BMPs, for the pollutants of concern. Specifically, the 
estimated runoff volumes will be multiplied by the land use EMC concentrations, resulting in a 
baseline load. The purpose of the scenario is to understand the cumulative loadings from the 
various land use pollutant sources, and assess their geographic distribution. It should be noted that 
the annual pollutant loading calculated by the model will be the loading from the individual 
catchments and not the cumulative loading from the all points upstream. Loads from non-MS4 
Permit areas (primarily agricultural and open space land uses) will be calculated but presented as 
a separate contribution.  

Results for baseline conditions (i.e., current conditions, or after the effective date of new MS4 
Permit and PEAIPs but before the addition of new BMPs or enhancement of existing BMPs 
according to the PEAIPs) will be presented in tabular form in the model interface, summing results 
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from catchments to provide totals for each jurisdictional MS4 Permit area. A land use breakdown 
of baseline loads will also be provided. An analysis of baseline loads at the watershed level will 
also be performed for the Santa Maria River, Santa Ynez River, Goleta Slough, and Carpinteria 
watersheds. The percentage of the total watershed baseline load attributed to each MS4 Permit 
area will be shown, along with a breakdown of the contributions from open space and agricultural 
land uses in the non-MS4 Permit areas.  

Catchment Prioritization 

Catchment prioritization allows the MS4 jurisdictions to determine the relative priority between 
catchments for certain types of BMP implementation. Calculated baseline loads will be used to 
develop a catchment prioritization that reflects the relative magnitude of pollutant loading per unit 
area in each catchment for single pollutants as well as for a combination of pollutants based on 
relative pollutant importance, which is based on watershed-specific considerations. The overall 
process of catchment prioritization is outlined in Figure 2 and further detailed below.  
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Figure 1. Catchment Prioritization Process 

The process for prioritizing catchments will start with the EMCs of modelable pollutants (Table 
8). Those modelable pollutants having greatest likelihood of exceeding water quality standards 
(such as Basin Plan Objectives and TMDL WLAs) in MS4 wet weather discharges will be 
identified as MS4 Priority Pollutants.  
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Table 8. MS4 Priority Pollutants 

 
MS4 Priority Pollutant catchment prioritization (CPI) scores will be computed for each catchment 
by computing the total load in the catchment, which is the summation of runoff volumes from all 
unique runoff coefficients multiplied by the appropriate land use EMCs, divided by the total area 
of the catchment. This load based method will result in MS4 Priority Pollutant-specific CPI (PCPI) 
scores in every catchment. In order for PCPI scores to be comparable between catchments, they 
will be normalized by the maximum PCPI score for the jurisdictional area in question (i.e., PCPI 
score for the catchment is divided by maximum PCPI score for the MS4 Permit area). Resulting 
values will then multiplied by a scale factor to compare scores among catchments on a desired 
scale. For simplicity, normalized PCPI scores for all pollutants will be multiplied by a scale factor 
of five and rounded up to produce scores as integers ranging from one to five. This process is 
shown in Equation 3.  

 
Land Use 

TSS 
mg/L 

Tot P 
mg/L 

Dis P 
mg/L 

NO3 
mg/L 

TKN 
mg/L 

Diss 
Cu 

ug/L 

Tot 
Cu 

ug/L 

Tot 
Pb 

ug/L 

Diss 
Zn 

ug/L 

Tot Zn 
ug/L 

Fecal 
Col. 

#/100mL  

M
S4

 A
re

a 
L

an
d 

U
se

s 

Single-Family 
Residential 124.2 0.4 0.32 0.78 2.96 9.4 18.7 11.3 27.5 71.9 15,600 

Commercial 67 0.4 0.29 0.55 3.44 12.3 31.4 12.4 153.4 237.1 5,510 

Industrial 219.2 0.39 0.26 0.87 2.87 15.2 34.5 16.4 422.1 537.4 18,700 

Education 99.6 0.3 0.26 0.61 1.71 12.2 19.9 3.6 75.4 117.6 11,800 

Transportation 77.8 0.68 0.56 0.74 1.84 32.4 52.2 9.2 222 292.9 1,680 
Multi-Family 
Residential 39.9 0.23 0.2 1.51 1.8 7.4 12.1 4.5 77.5 125.1 11,800 

 Agriculture 999.2 3.34 1.41 34.4 7.32 22.5 100.1 30.2 40.1 274.8 24,800 

 Open Space 216.6 0.12 0.09 1.17 0.96 0.6 10.6 3.0 28.1 26.3 484 

 BPO or typical 
WLA:   0.3* 8*  13** 14** 82** 120** 120** 400* 

 
Cells highlighted yellow have Land use EMCs that exceed BPO or typical WLAs 
* SMR Nutrient /Bacteria TMDL wet weather WLA for MS4 dischargers 
** CTR default value (acute freshwater criteria, hardness -100 mg/l) 
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×= 5
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'

x

x
x PCPI

PCPIRoundupPCPI         (3) 

      
     Where, 

  xPCPI ' = normalized pollutant CPI for pollutant x for a catchment 
  xPCPI = pollutant CPI for pollutant x for a catchment 

max xPCPI = maximum pollutant CPI for the entire watershed or modeled 
area for pollutant x  

 

The process will result in normalized PCPI scores for each catchment in the watershed or modeled 
area for every MS4 Priority Pollutant. The scores will range from one to five, with one representing 
smaller loads per unit area and five representing larger loads per unit area. If an agency desires to 
prioritize catchments based on a single pollutant, these normalized PCPI scores may be utilized. 
An example PCPI map for a single pollutant (TSS) is shown in Figure 3.  

 

Figure 2. Example PCPI Map (TSS) 
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In order to compute overall CPI scores that reflect loading from multiple pollutants, weights must 
be applied to pollutants based on their relative priorities. Pollutants that are identified on the State’s 
303(d) list or have an applicable TMDL for the water body in question are assigned a higher 
priority. Table 8 shows these identified pollutants for water bodies applicable to the MS4 Permit 
areas.  

Table 9. Pollutants identified in the 303(d) list or TMDL 

 Pollutants 
Santa Ynez 

River 
Orcutt 
Creek 

Goleta 
Slough Carpinteria Comments 

Bacteria  TMDL 303(d) 303(d) Weight pollutant CPIs 
accordingly 

 Nutrients TMDL1 TMDL 303(d)  TMDL1 
Pesticides   TMDL   303(d) Insufficient data to 

model Priority Organics     303(d)   

Low Dissolved Oxygen   303(d) TMDL1 Being addressed by 
nutrients 

Chloride    303(d)   

MS4 discharge 
unlikely to cause or 

contribute exceedances 
of WQO in wet 

weather 

Conductivity     303(d)   
Nitrate     303(d)   
pH     303(d) 303(d) 
Sedimentation/Siltation 303(d)       
Salts   TMDL1     
Sodium 303(d)   303(d) 303(d) 
Temperature, water 303(d)   303(d)   
Total Dissolved Solids 303(d)   303(d)   
1 TMDL is under development     

 

Although weighting factors may be modified by the jurisdictions based on their specific water 
quality priorities, the initial model weighting value for water body-pollutant combinations with a 
303(d)-listing will be 2, and for water body-pollutant combinations with an approved TMDL, the 
weighting factor will be 3. All other MS4 Priority Pollutants will have a weight factor of 1 (i.e., 
no adjustment to the pollutant-specific CPI).  Based on the pollutants identified in Table 8, default 
weight factors are shown in Table 9 for MS4 Priority Pollutants. Even though both dissolved and 
total metal concentrations in typical MS4 discharge monitoring datasets frequently exceed aquatic 
life criteria, only the dissolved metals will be modeled as the MS4 Priority Pollutants because they 
are better predictors of pollutant bioavailability and are the basis for the applicable water quality 
criteria (i.e., California Toxic Rule criteria). 
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Table 10. Default Weight Factors for Computing Overall CPIs1 

Jurisdiction 
Pollutants 

TSS Tot 
P 

Diss 
P NO3 TKN Diss 

Cu 
Tot 
Cu 

Tot 
Pb 

Diss 
Zn 

Tot 
Zn 

Fecal 
Col. 

Buellton     3     1     1   1 
Solvang     3     1     1   1 
Goleta     2     1     1   2 
Carpinteria     3     1     1   2 
County – Orcutt     3     1     1   3 
County – North County     3     1     1   1 
County – South County     2     1     1   2 
1 TMDL - 3x weighting factor, 303(d) - 2x weighting factor, Otherwise - 1x weighting factor 

These weighting factors will be applied to the normalized pollutant CPI scores (PCPI'x) calculated 
for each catchment. To compute the catchment CPI, normalized PCPI scores for all MS4 Priority 
Pollutants (adjusted by weighting factors) in the particular catchment will be summed. The overall 
CPI values will then be normalized, and again multiplied by a scale factor of five to produce integer 
scores ranging from one to five. This process is shown in Equation 4 and Equation 5. 

∑=
x

xPCPICPI '         (4) 

     Where, 
     CPI  = un-normalized CPI for a catchment 

xPCPI ' ’= adjusted, normalized pollutant CPI for pollutant x for a catchment 
    







 ×= 5

max
'

CPI
CPIRoundupCPI        (5) 

     Where, 
     'CPI  = normalized CPI for a catchment 
     CPI  = un-normalized CPI for a catchment 

max CPI = maximum un-normalized CPI for the watershed or modeled area
  

This process produces an overall CPI for each catchment that reflects the magnitude of pollutant 
loading per unit area for multiple pollutants, with watershed specific priorities incorporated. 
Because CPI scores are scaled relative to the maximum value, as opposed to ranking and assigning 
to bins by percentile, there will not be an equal number of catchments in each scoring bin. The 
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model will produce results that can be transferred to a GIS application in order to provide a 
visualization of CPI scores. An example is shown in Figure 4.  

 
Figure 3. Example CPI Map 

Catchment prioritization is a useful tool for visualizing and evaluating the relative pollutant 
loading geographically throughout an MS4 responsibility area, to support BMP siting and other 
watershed planning activities.  However, in order to effectively utilize model results, it is important 
to note the differences between structural retrofit planning for regional versus distributed-scale 
BMPs. Regional BMPs, such as large infiltration basins with minimum drainage areas of 100-1000 
acres, are typically sited based on catchment prioritization results overlaid by publically-owned 
parcels that are screened for BMP implementability (i.e., potential BMP opportunity sites). 
However, distributed BMPs, such as green streets with drainage areas of 1-20 acres, are more cost-
effectively sited by land use (rather than priority catchments) since it is land use that controls unit 
area pollutant loading (i.e., single family residential in a high versus low priority catchment will 
have the same unit area pollutant loading, therefore a green street BMP treating 1 acre of single 
family residential in either catchment would achieve the same load reduction).  Therefore, to 
support future distributed BMP planning, the model will also generate pie charts, for each 
jurisdiction and MS4 Priority Pollutant, showing baseline loading rates per unit area for each land 
use group. The jurisdictions can use this information, coupled with land use maps of the MS4 
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Permit areas, to target implementation of distributed structural BMPs, as well as for planning non-
structural BMPs that are land use-based. The model will produce this summary for each MS4 
Priority Pollutant, so the jurisdictions may apply BMPs that target certain pollutants to areas that 
will result in the greatest load reduction of the pollutant in question.  

Estimate Pollutant Load Reductions 

The model will be capable of calculating load reductions resulting from new or enhanced BMPs 
implemented since the new MS4 Permit and PEAIP was established. The model will initially 
contain a few select non-structural BMPs, but jurisdictions will be able to expand the suite of 
BMPs supported by the model in the future.  Users will enter information for new BMPs into a 
model input tab, and predicted load reductions will be calculated based on site-specific conditions 
where BMP implementation was specified.  BMP performance within the model will be based on 
either an overall percent reduction, a unit reduction for a given pollutant, or the expected effluent 
quality (i.e., concentration), average annual percent volume capture, and percent volume reduction.  

The model user will be able to include BMPs for modeling by entering the following information 
regarding the BMP into a user-friendly input tab, including: the BMP type, catchment(s) and land 
use(s) the BMP will be implemented on, and the treatment area. The user will be able to enter 
treatment area based on the implementation percentage of a particular land use (on the selected 
catchments) or an area for BMP implementation in acres (note that the treatment area may not be 
entered in acreage if multiple catchments are selected). 

The model will then evaluate if the BMP performance is being assessed by a percent reduction, a 
unit reduction, or as effluent quality (concentration). Benefits of non-structural BMPs will 
generally be measured by a percent reduction of the current loading or a unit load reduction. If a 
percent reduction is applicable, the model will lookup the average baseline load per unit area for 
the catchment and land use specified for BMP implementation. This average baseline load per unit 
area will be applied to the specified treatment area and will then be adjusted by the appropriate 
percent reduction for the given BMP and applicable pollutants. This type of reduction will be 
applicable to certain non-structural BMPs, such as a pet waste education program, where it is 
predicted that a certain percentage of fecal coliform loads will be reduced. 

The model will also be capable of calculating the load reductions, based on an estimated unit load 
reduction. In this case, a specified quantity of load is anticipated to be removed for each unit area 
of BMP implementation. The model will apply this load removal per unit area to the specified 
implementation area to calculate the total load removal resulting from BMP implementation. If the 
unit load reduction is greater than the current baseline unit load on the treatment area, the model 
will set the resultant load to zero (instead of a negative load). This type of reduction may be used 
for certain BMPs such as redevelopment (implementation of post-construction requirements in 
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Section E.12 of the MS4 Permit), where a specified load is anticipated to be removed for each acre 
where applicable redevelopment occurs.  

In general, reductions achieved by structural BMPs will be calculated by finding the difference 
between the modeled baseline runoff volume and concentrations and the predicted effluent 
concentrations, percent capture and percent volume reduction (Figure 5). The model will be 
developed such that the post-BMP load is not higher than the pre-BMP load (i.e., implementation 
of a BMP cannot increase pollutant concentrations). The model will first check if the BMP effluent 
quality concentration is greater than the influent water quality concentration. If the effluent 
concentration is greater than the influent, then the post-BMP loading will equal the influent loading 
for that pollutant. Percent capture refers to the percentage of influent runoff volume able to be 
accepted and stored or treated by the BMP. Percent volume reduction refers to the decrease in the 
captured runoff volume due to infiltration or evapotranspiration through the BMP. For example, if 
the annual runoff from a drainage area is 100,000 cubic feet before entering a BMP with a percent 
capture of 90% and a percent reduction of 10%, then 90% of the influent runoff will be treated by 
the BMP (90,000 cubic feet), and the annual runoff volume discharging from the BMP will be 
reduced by 10% to 81,000 cubic feet. The 9,000 cubic feet of reduced volume is attributed to 
infiltration into the underlying soils or evapotranspiration.  Removing runoff volume from the 
BMP discharge will also remove all associated pollutants, thus decreasing the post-BMP pollutant 
loading for that drainage area.  
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Figure 4. Structural BMP modeling approach 

Data necessary to model the reduction achieved by a BMP, including predicted concentration 
reductions (as percent reductions, unit reductions, or effluent concentrations), percent capture, and 
volume reduction will need to be added to the general assumption tab within the model and may 
be easily modified by the jurisdictions at any time. If structural BMPs are added to the model in 
the future, BMP effluent concentrations from the SBPAT User’s Manual (Geosyntec, 2012) can 
be combined with new BMP performance data from the International Stormwater BMP Database 
(www.bmpdatabase.org), to ensure that water quality modeling efforts utilize the most current 
BMP performance summary statistics. The general assumption tab will also contain a table that 
identifies which BMPs will treat the same pollutant sources, to account for reductions being 
“double counted” (e.g., a structural BMP treating 100 percent runoff from a 10 acre park that has 
a pet waste program, would be the same as if there was not a pet waste program). 

The model will include a summary tab for each jurisdiction that provides results, in both tabular 
and graphical formats, for the estimated load reductions achieved by BMPs compared to the 
baseline loads. The proportion of the total load reduction achieved by each BMP type will also be 
provided. All summary results will be shown in a report-ready format. 
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The following non-structural BMPs will be included in the model and were selected based on their 
ability to target MS4 Priority Pollutants, potential effectiveness, agency preferences, and 
feasibility of implementation: 

• Redevelopment (i.e., implementation of structural BMPs on private property that is 
required for applicable redevelopment projects) 

• Brake Pad Copper Phase-out Legislation 
• Other non-modeled non-structural BMPs 

Details of these non-structural BMPs are included in the following sections.  

Redevelopment 

It is assumed that some redevelopment will occur in the modeled area.  This redevelopment will 
be subject to the MS4 Permit post-construction LID requirements3 and therefore will result in 
pollutant load reductions to the existing built environment. The benefits associated with 
redevelopment post-construction LID requirements will be accounted for by applying typical load 
reductions from post-construction LID BMPs, to that portion of the MS4 Permit area where 
redevelopment requirements apply4.  

The rate of redevelopment triggering LID implementation requirements for each land use will be 
provided by each jurisdiction reflecting historical redevelopment rates and/or anticipated future 
redevelopment rates or may be based on other Southern California jurisdictions. The annual land 
use-specific redevelopment rates will be multiplied by the applicable number of years for 
implementation, since new BMPs are assumed to be implemented each year over the compliance 
period, and then multiplied by the respective land use areas in each MS4 Permit area. The result is 
an assumed redevelopment area to be treated by LID BMPs each year. Estimated annual 
redevelopment rates developed for the Los Angeles region, and used in other Southern California 
BMP implementation plans, are shown in Table 10.  

                                                 

3 Requires regulated projects to implement LID standards designed to reduce runoff, treat storm water, and provide 
baseline hydro modification management to the extent feasible, to meet the numeric sizing criteria for storm water 
retention and treatment under section E.12.e(ii)(c). 
4 Classified for site design measures: Projects that create or replace between 2,500 and 5,000 sq ft of impervious 
surface, including detached single family homes that create or replace 2,500 sq ft or more impervious surface and are 
not part of a larger plan development.  
Regulated projects: projects that create and/or replace 5,000 or more sq ft of impervious surface 
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Table 11. Estimated Annual Redevelopment Rates (City of Los Angeles Bureau of Sanitation, 2012) 

Land Use Annual Redevelopment Rate 
(% of total land use area) 

Residential 0.18 
Commercial 0.15 
Industrial 0.34 
Education 0.16 
Transportation 2.7 

 

New development will not be included in the model. When open space is developed, the runoff 
volume (and pollutant loads) resulting from the open area is anticipated to increase; then this 
impact is mitigated by implementation of BMPs, resulting in a general “net zero” change in loading 
from pre-development to post-development conditions.   

Brake Pad Copper Phase-out Legislation 

Research has shown that brake pads in vehicles are a significant source of copper in urban 
stormwater (TDC Environmental, 2013). Copper and other pollutants are deposited on roads and 
other impervious surfaces and then transported to aquatic habitats via stormwater runoff. Pollutant 
loads of copper from urban land uses is expected to decrease due to Senate Bill (SB) 346 which 
was signed into law on September 25, 2010. This legislation phases out copper in vehicle brake 
pads over a period of years including the following milestone dates: 
 

• January 1, 2021: Limits the use of copper in motor vehicle brake pads to no more than 
five percent by weight; and 

• January 1, 2025: Limits the use of copper in motor vehicle brake pads to no more than 
0.5 percent by weight. 

 
In 2013, TDC Environmental prepared a draft detailed study for the California Stormwater Quality 
Association (CASQA) describing the expected percent reduction for copper as a result of the 
passage of SB 346 (TDC Environmental, 2013). The TDC study identifies three possible 
implementation scenarios, the least aggressive of which estimates that a 55 percent load reduction 
in copper will be achieved by 2032 due to the brake pad phase out. Therefore, the model will 
assume a 55 percent load reduction for copper due to the elimination of copper in brake pads.  
 
Trash Capture Devices 

In accordance with the statewide trash amendments, trash capture devices will be installed in the 
MS4 Permit areas in the future. However, at this time, these measures are not planned to be 
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included in the model as the anticipated devices are not expected to result in measurable reductions 
for the MS4 Priority Pollutants.  

SUMMARY 

The model will be developed as a tool to calculate baseline loads for various pollutants within the 
MS4 Permit area and evaluate the anticipated load reductions resulting from implementation of 
BMPs. GIS datasets, such as catchment boundaries, land uses, soil types, etc. will first be processed 
and used as input for the model. This spatial data will be used to determine appropriate land use 
areas and calibrated runoff coefficients, which will then be combined with historical rainfall data 
to determine predicted annual runoff volumes. Estimated annual stormwater volumes will then be 
combined with land use EMCs to produce annual pollutant loads and loading rates by unit area 
(which will be the basis of a pollutant-specific catchment prioritization index). Pollutants of 
concern will then be identified based on Southern California urban stormwater monitoring datasets 
as those having significant potential to cause or contribute to receiving water limit exceedances, 
and these MS4 Priority Pollutants will be weighted based on watershed-specific factors (e.g., status 
of 303(d) listings and TMDLs) to determine an overall catchment priority index.   

The model will then compute the water quality benefits that may be achieved by BMPs selected 
by the jurisdictions, such as redevelopment (post-construction requirements), brake pad copper 
phase-out legislation, and other program enhancements. Pre-determined pollutant reductions from 
BMPs, in the form of percent reductions, unit reductions, or effluent concentrations, will be 
utilized to calculate estimated total load reductions resulting from implementation of BMPs.  

The model will be developed to easily update the list of potential BMPs, revise EMCs based on 
local monitoring data, or conduct additional analyses as additional planning is implemented. The 
model will be created in Microsoft Excel and will produce results both in the model interface and 
GIS shapefiles for visual interpretation. The jurisdictions will be able to use the model to determine 
areas where BMP implementation should be prioritized and evaluate performance of combinations 
of BMPs to determine the most effective use of resources.  

* * * * *   
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