
APPENDIX A

REASONABLE ASSURANCE ANALYSIS



3415 S. Sepulveda Blvd., Suite 500
Los Angeles, CA 90034

PH310.957.6100
FAX 310.957.6101

www.geosyntec.com

SMB EWMP RAA Memo - 06032015

TECHNICAL MEMORANDUM

Date: 20 March 2015

To: Victor Harris and Sarah Munger, MWH America

From: Ken Susilo and Megan Otto, Geosyntec Los Angeles

Subject: J2J3 SMB EWMP – RAA Summary
Geosyntec Project:  LA0294

1 RAA APPROACH AND METHODOLOGY

1.1 Introduction 

The National Pollutant Discharge Elimination System (NPDES) Municipal Separate Storm 
Sewer System (MS4) Permit No. R4-2012-0175 (Permit) was adopted November 8, 2012 by the 
Los Angeles Regional Water Quality Control Board (Regional Board) and became effective 
December 28, 2012. The purpose of the Permit is to ensure the MS4s in Los Angeles County are 
not causing or contributing to exceedances of water quality objectives set to protect the 
beneficial uses in the receiving waters in the Los Angeles region. 

The Permit allows Permittees to customize their stormwater programs through the development 
and implementation of a Watershed Management Program (WMP) or an Enhanced Watershed 
Management Program (EWMP) to achieve compliance with receiving water limitations (RWL) 
and water quality-based effluent limits (WQBEL). Jurisdictional Groups 2 and 3 (JG2/JG3) 
include the City of Los Angeles (City), City of Santa Monica, City of El Segundo, 
unincorporated areas of the County of Los Angeles (County), and the Los Angeles County Flood 
Control District (LACFCD), collectively referred to as the Santa Monica Bay (SMB) EWMP 
Group (SMB EWMP Group), submitted a notice of intent (NOI) to develop an EWMP in June of 
2013 to fulfill the requirements of the Permit. 

In June of 2014, the SMB EWMP Group submitted the SMB EWMP Work Plan to the Los 
Angeles Regional Water Quality Control Board (Regional Board) (City of Los Angeles, 
LACFCD, County of Los Angeles, City of Santa Monica, and City of El Segundo, 2014).  The 
EWMP Work Plan detailed the proposed Reasonable Assurance Approach (RAA) to addressing 
the identified Category 1, 2, and 3 water-body pollutant combinations.  This memorandum is 
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intended to provide a summary of the RAA approach for both wet and dry weather, including
any refinements to the approach since the June Work Plan submittal, as well as to present 
quantitative and qualitative analyses to demonstrate reasonable assurance that the load reduction 
targets will be met by the compliance deadlines for the identified water-body pollutant 
combinations. 

The SMB EWMP Work Plan identified the water-body pollutant combinations (WBPCs) 
summarized in Table 1.  Of these, wet weather bacteria in Santa Monica Bay and Santa Monica 
Canyon Channel, as well as wet weather lead in Santa Monica Canyon Channel are addressed 
quantitatively through water quality modeling of proposed non-structural and structural 
(distributed and regional/centralized1) best management practices (BMPs). The other WBPCs 
are addressed qualitatively herein.

Table 1. Water Body Pollutant Prioritization
Category Water Body Pollutant Compliance Deadline

1

SMB Beaches
Summer dry weather 
bacteria 7/15/2006 (Final: Single sample summer AEDs)

SMB Beaches Wet weather bacteria
7/15/2018 (Interim: 50% single sample ED reduction)
7/15/2021 (Final: Single sample AED)
7/15/2021 (Final: Geometric Mean [GM])

SMB Beaches
Winter dry weather 
bacteria

11/1/2009 (Final: Single sample winter AEDs)

SMB Offshore/ 
Nearshore Debris

3/20/2016 (20% load reduction)
3/20/2017 (40% load reduction)
3/20/2018 (60% load reduction)
3/20/2019 (80% load reduction)
3/20/2020 (100% load reduction)

SMB DDTs
Although the TMDL lacks a formal compliance 
schedule for the WQBEL, the TMDL Executive 
Summary does state, “The time frame for attainment 
of the TMDL targets for the rest of Santa Monica Bay 
(other than the Palos Verdes shelf) is 11 years for 
DDT and 22 years for PCBs.”

SMB PCBs

2

Santa Monica 
Canyon Channel

Lead NA

Santa Monica 
Canyon Channel

Indicator bacteria NA

1 Centralized BMPs are defined as large-scale constructed structural BMPs intended to treat runoff from a 
contributing area composed of multiple parcels, normally on the order of 10s or 100s of acres (and potentially but 
not necessarily funded by multiple agencies). Regional BMPs are defined as centralized BMPs that can capture the 
85th percentile storm.   
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3 None None None

1

1.2 Scope 

This memorandum describes the results from the reasonable assurance analysis for the SMB 
EWMP Group, conducted as part of the draft EWMP. This deliverable is intended to satisfy 
Tasks 4.3 and 4.5.4 of MWH Subcontract No. S10503614-100306-OM.  

1.3 Terms of Reference

This work was conducted by Geosyntec Consultants, Inc. (Geosyntec) for the SMB EWMP 
Group agencies. This work was managed and conducted by Ken Susilo and Megan Otto,
respectively. Peer and senior reviews were conducted by Brian Apple, Megan Otto, Brandon 
Steets, and Ken Susilo in accordance with Geosyntec's quality assurance policies.

1.4 Limitations

The professional opinions and recommendations expressed in this memorandum are made in 
accordance with generally accepted standards of practice and were based largely on source 
information provided by others.  No other warranty is either expressed or implied.  Geosyntec is 
responsible for the recommendations contained in this report based on the data and information 
relating only to the specific projects modeling discussed herein.  Geosyntec is not responsible for 
use of the information contained in this report for purposes other than those expressly stated in 
this report namely the RAA in support of the SMB EWMP.  In the event that there are changes in
modeling assumptions, including the design or location of projects that do not conform to the 
projects as described herein, Geosyntec is not responsible for these changes.  Geosyntec is not 
responsible for any conclusions or recommendations made by others based upon the data or 
conclusions contained herein unless given the opportunity to review them and concur with them 
in writing.  

2 REASONABLE ASSURANCE ANALYSIS APPROACH

2.1 Consistency with Regional Board Guidance

The approach described below, including model selection, data inputs, critical condition 
selection (90th percentile year), calibration performance criteria, and output types (presented in 
the EWMP Work Plan and below) have all been selected for consistency with the Regional 
Board RAA Guidance Document (Regional Board, 2014).
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2.2 Reasonable Assurance Analysis Approach - Dry Weather

Demonstrating “reasonable assurance” of compliance with dry weather limits for the SMB 
Beaches Bacteria TMDL requires a methodology that accounts for many factors which cannot be 
accurately modeled based on urban runoff processes alone (Thoe et al, 2015), despite the 
extensive summer-dry and winter-dry weather beach-specific monitoring datasets that are 
available. Therefore, to perform the RAA for dry weather for the SMB EWMP Group area, a 
semi-quantitative methodology has been developed to follow a permit compliance structure, as 
independent lines of evidence for demonstrating that MS4 discharges could not be causing or 
contributing to receiving water exceedances at the beaches. Because fecal indicator bacteria 
(FIB) are considered the “controlling” pollutants of concern during dry weather in the SMB 
EWMP Group area (i.e., if MS4 discharges are compliant for bacteria during dry weather, they 
will be compliant for all TMDL and 303(d) pollutants during dry weather), the methodology was 
developed to focus on bacteria. The following criteria form the proposed dry weather RAA 
methodology. If one criterion is met for each Coordinated Shoreline Monitoring Plan (CSMP) 
compliance monitoring location (CML), then “reasonable assurance” is considered to be 
demonstrated. This methodology was presented to Regional Board staff on April 9, 2014, and 
verbal feedback received at the time was supportive.

1. A dry weather low flow diversion or infiltration system is located at the CML. To meet 
this criterion, any such system should have records to show that it is consistently 
operational, well maintained, and properly sized so that it is effectively eliminating all 
freshwater surface discharges to the surf zone during year-round dry weather days

2. There are no MS4 outfalls owned by the SMB EWMP Group Agencies within the 
CML’s drainage area, and therefore MS4 discharges could not be contributing to 
pollutant concentrations at the CML.

3. The allowed dry weather (summer and winter) single sample exceedance days are based 
on an antidegradation approach at the CML. If so, this is a result of the Regional 
Board’s TMDL analysis which found that existing water quality conditions at this 
compliance monitoring location are acceptable and to be maintained (i.e., no exceedance 
day reduction needed).

4. There are no non-stormwater MS4 outfall discharges within the CML’s drainage area.
For this criterion to be met, supporting records from the non-stormwater outfall 
screening program should be supplied.•

2.3 RAA Approach – Wet Weather

The wet-weather RAA process consists generally of the following steps: 
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�x Identify WBPCs for which the RAA will be performed; 
�x Identify the MS4 service area (exclude lands of agencies not party to this EWMP such as 

Federal land, State land, etc.); 
�x For each CML analysis region2 (Figure 1,agency representation inAttachment A), 

develop target load reductions (TLRs) for 90th percentile year based on Permit 
requirements and Regional Board guidance; 

�x Identify structural and non-structural BMPs that either were implemented after applicable 
TMDL effective dates or are planned for implementation in the future; 

�x Evaluate the performance of these BMPs in terms of annual pollutant load reductions; 
�x Compare these estimates with the TLRs; and
�x Revise the BMP implementation scenario until targets are met.    •

TLRs, as discussed previously, represent a numerical expression of the Permit compliance 
metrics (e.g., bacteria AEDs for wet weather) that can be modeled and can serve as a basis for 
confirming, with reasonable assurance, that implementation of the proposed BMPs will result in 
attainment of the applicable WQBELs and RWLs in the Permit.

2 SBPAT input files represent the following CML analysis region under different IDs: Modeled 2-05 represents 2-
06, modeled 2-06 represents 2-05, modeled 2-04_2-06 represents 2-04_2-05, and modeled 2-05_2-07 represents 2-
06_2-07.  CML analysis region results were post-processed and attributed to the correct CML analysis region.
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Figure 1. Modeled CML Analysis Regions within the SMB EWMP Group 
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2.3.1 SBPAT Model

The recommended RAA approach leverages the strengths of the publicly available, Permit-
approved, Geographical Information System (GIS)-based model that has already been developed 
for the region: the Structural BMP Prioritization and Analysis Tool, SBPAT3. The following 
describes the rationale for utilization of this model for the wet weather RAA. 

SBPAT is a public domain, “open source,” GIS-based water quality analysis tool intended to: 1) 
facilitate the prioritization and selection of BMP project opportunities and technologies in 
urbanized watersheds; and 2) quantify benefits, costs, variability, and potential compliance risk 
associated with stormwater quality projects. The decision to use SBPAT for the SMB EWMP 
RAA in the manner described below is based on the model capabilities and the unique 
characteristics of the SMB, specifically:  

1. Modeling of SMB hydrologic and watershed processes – SBPAT utilizes EPA’s 
Stormwater Management Model (SWMM) as the hydrologic engine, and SBPAT has 
been calibrated to local rainfall and Santa Monica Bay (SMB) stream flow gauges, 
confirming the ability to predict stormwater runoff volumes on an annual basis; 

2. SMB pollutants of concern and their compliance metric expression– SBPAT has 
been utilized for planning applications related to Bacteria TMDL compliance (and 
specifically exceedance-day predictions, based on SMB criteria), including a 
demonstrated linkage of load reduction to exceedance days;

3. Availability of new open space water quality loading data– Recently developed Event 
Mean Concentration (EMC) data are consistent with SBPAT and were also updated to 
reflect new data developed in SMB as part of this RAA-development effort;  

4. Capability to conduct opportunity and constraints investigations– SBPAT is capable 
of supporting structural BMP placement, prioritization, and cost-benefit quantification, 
and has been applied for such purposes previously in the SMB EWMP Group area and 
other nearby SMB CML analysis regions;

5. Characterization of water quality variability – SBPAT is capable of quantifying 
model output variability and confidence levels, which is a component of the Regional 
Board’s RAA Guidance; and

6. Supports quantification of both structural and non-structural BMPs, and 
demonstrates compliance at both interim and final compliance dates – SBPAT’s 

3 SBPAT is specifically referenced in the MS4 Permit Part VI.C.5.b.iv and was presented at the first two Permit 
Group TAC RAA Subcommittee meetings.  Furthermore, SBPAT has been used for reasonable assurance analysis 
purposes in the Los Angeles region for four TMDL Implementation Plans, two WMPs, four EWMPs, and, in the 
San Diego region, for two Combined Load Reduction Plans and two Water Quality Improvement Plans.
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modeling framework is easily compatible with methods for addressing non-structural 
BMPs and provides quantitative results for multiple BMP phasing milestones.•••

The quantification analysis component of SBPAT includes a number of features.  The model:

�x Calculates and tracks inflows to BMPs, treated discharge, bypassed flows, evaporation, 
and infiltration at each 10 minute time step;

�x Distinguishes between individual runoff events by defining six-hour minimum inter-
event time in the rainfall record (in order to track rain events), while also tracking inter-
event antecedent conditions;

�x Tracks volume captured by and bypassing BMPs, and summarizes and records these
volumes by storm event; and

�x Produces a table of each BMP’s hydrologic performance, including concentrations and 
loads by storm event, and consolidates these outputs on an annual basis.•

Data used for the quantification/analysis module include both fixed and stochastic parameters.  
The model utilizes land use based EMCs, USEPA SWMM, USEPA/American Society of Civil 
Engineers/Water Environment Research Foundation (USEPA/ASCE/WERF) International BMP 
Database (IBD) water quality concentrations, watershed/GIS data, and a Monte Carlo approach 
(relying on repeated random sampling) to quantify water quality benefits and uncertainties.  
Model data flow is provided below in Figure 2.

Figure 2.  SBPAT Model Data Flow
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Each model simulation integrates Monte Carlo methods that rely on repeated random sampling 
to obtain numerical results. Model simulations are run 20,000 times to calculate a distribution of 
outcomes that can support the definition of confidence levels and quantify variability. Consistent 
with the SBPAT usage, Monte Carlo methods are typically used in physical and mathematical 
problems and are most suited to be applied when it is difficult to obtain a closed-form expression 
or when a deterministic algorithm is not desired. A schematic of SBPAT’s Monte Carlo process 
is provided in Figure 3.

Model documentation, as well as links to related technical articles and presentations, is provided 
at www.sbpat.net.

Figure 3.  SBPAT Monte Carlo Method Components



J2J3 SMB EWMP – RAA Summary
20 March 2015
Page 10

SMB EWMP RAA Memo - 06032015

2.3.2 Spatial Domain

The spatial domain of the RAA includes the CML analysis regions within the SMB EWMP area.
Adjustments have been made to account for contributions from agencies not party to this EWMP 
(e.g., State/Federal, Caltrans, etc.) and are described in more detail later in this document.

GIS layers to be used in SBPAT will include, but not be limited to, the following:

�x Storm drains
�x Soils
�x Rain gauge polygons
�x Parcels
�x Land use
�x Catchments•

SBPAT utilizes a customized version of SWMM for continuously simulating study area 
hydrology and BMP hydraulics. Long-term, hourly rainfall data and average monthly 
evapotranspiration values are used along with land use-linked catchment imperviousness and soil 
properties to estimate runoff volumes. Revised and recalibrated SBPAT database values and 
EWMP-defined BMP information are used to estimate the volume of runoff generated from 
watershed areas and captured by BMPs. Storm events are individually tracked for the entire 
simulation so that the volumes of runoff infiltrated, evapotranspired, captured, and released (if 
applicable) by BMPs are estimated for every storm event. Hourly rainfall data from LAX 
(NCDC ID45114) and Sepulveda Dam (NCDC ID48092) were used in the SMB EWMP RAA 
modeling (see Figure 4).
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Figure 4. Rain Gauges used in Selection of 90th Percentile Year, Calibration, and/or RAA

The priority WBPCs for the SMB EWMP area, combined with data availability, establishes the 
specific WBPCs addressed by the RAA.  As previously described, SBPAT links the long-term 
hydrologic output from SWMM to a stochastic Monte Carlo water quality model to develop 
statistical descriptions of stormwater quantity and quality. Through this approach, the predicted 
runoff volumes for each storm are randomly sampled from the long-term storm event runoff 
volume record produced by SWMM. Land use-based wet weather pollutant EMC values (see 
Attachment B) and BMP effluent concentrations (see Attachment C) for each storm are then 
randomly sampled from their lognormal statistical distributions. The runoff volumes (including 
volumes treated and bypassed by BMPs), land use EMCs, and BMP effluent concentrations are 
combined to determine the total pollutant loads and load reductions (i.e., difference between 
existing and post-BMP load estimates) for each randomly sampled storm event. This procedure 
is then repeated thousands of times, each time recording the volume, pollutant concentrations, 
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loads, and load reductions for each randomly selected storm event. The statistics of these 
recorded results are then used to characterize the average (mean) values for the annual volume, 
pollutant loads, and pollutant concentrations in stormwater runoff from the modeled area for the 
critical year, with and without BMPs implemented.

The International Stormwater BMP Database (IBD) is a comprehensive source of BMP 
performance information (www.bmpdatabase.org), comprised of data from a peer-reviewed 
collection of studies that have monitored the effectiveness of a variety of BMPs in treating water 
quality pollutants for a variety of land use types. Water quality performance data from the IBD 
were used to develop effluent concentrations (averages and standard deviations) of the BMPs 
and constituents listed in Table 2. As with land use EMCs, the effluent quality of BMPs is 
highly variable. To account for this variability in SBPAT, effluent quality data were analyzed 
and descriptive statistics were generated for use in the Monte Carlo statistical sampling 
technique. Attachment C contains detailed information on the BMP effluent statistics.  

Table 2. BMPs and Constituents Modeled in SBPATa

BMPs Constituents
Constructed Wetland / Retention Pond (with Extended 
Detention)
Constructed Wetland / Retention Pond (without Extended
Detention)
Dry Extended Detention Basin
Hydrodynamic Separator
Media Filter
Subsurface Flow Wetland
Treatment Plant
Bioswale 
Bioretention with underdrain
Bioretention (volume reduction only)
Cistern (volume reduction only)
Green Roof (volume reduction only)
Porous Pavement (volume reduction only)
Low Flow Diversion (volume reduction only)

Fecal Coliform (FC)
Total lead (TPb)
Total suspended solids (TSS)
Total phosphorus (TP)
Dissolved phosphorus as P (DP)b

Ammonia as N (NH3)
Nitrate as N (NO3)
Total Kjeldahl nitrogen as N (TKN)
Dissolved copper (DCu)
Total copper (TCu)
Dissolved zinc (DZn)
Total zinc (TZn)

a All constituents are addressed for all BMPs that provide treatment (i.e., excluding those identified as “volume 
reduction only”). Fecal coliform and lead are the only two constituents contained in WBPCs for the SMB EWMP,
and as such only results for these constituents are presented in this report.
b Dissolved phosphorus and orthophosphate datasets were combined to provide a larger dataset and because the 
majority of orthophosphate is typically dissolved and many datasets either report dissolved phosphorus or 
orthophosphate, but not both.
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2.3.3 90th Percentile Year Definition

Consistent with the SMB Beaches Bacteria (SMBBB) TMDL and the Regional Board RAA 
Guidance Document, the RAA was performed on the 90th percentile critical year.  This year was 
determined by evaluation of local rainfall records for all four EWMP Groups located along Santa 
Monica Bay over the 1989 to 2011 period of record, evaluating “TMDL years” as defined by the 
SMBBB TMDL (i.e., November 1 – October 31). Of the local rain gauges evaluated, the Los 
Angeles County Pacific Palisades rain gauge (D491) (see Figure 4) was determined to be the 
most representative of the SMB EWMP Group area and elevation range.  The rainfall record was 
analyzed to determine the 90th percentile year based on both the number of wet days (days with 
>=0.10-inch for rainfall and the three days following, per the SMBBB TMDL) as well as total 
annual rainfall. Tables 3 and 4below presents these results.  The 90th percentile year was 
determined to be 2005 based on number of wet days, and 1995 based on total annual rainfall.  
1995 was selected to be the most conservative of these two years because while it is the 90th

percentile year based on total annual rainfall, 1995 also had more wet days than 2005 (SMB 
EWMP Group, 2014).  Therefore, the RAA was performed on TMDL year 1995. Although 
detailed results are only provided for the SMB EWMP Group, the 90th percentile year was 
determined to be 1995 across all four SMB EWMP Groups (SMB, North Santa Monica Bay 
Coastal Watersheds, Beach Cities, and Peninsula).  

Table 3. Rainfall Summary at Pacific Palisades Precipitation Gauge

Pacific Palisades Gauge
TMDL 
Year Wet Days*

Total 
Rainfall (in)

90th Percentile TMDL Year using Number of Wet 
Days

2005 78 36.6

90th Percentile TMDL Year using Total Annual 
Rainfall

1995 86 33.7

*Compliance with the wet weather SMBBB TMDL is based on the number of allowable 
exceedance days.

Table 4. TMDL Year Precipitation Summary, with respect to calculated 90th percentiles

TMDL Year Annual Wet Days TMDL Year
Annual Rainfall 

Depth (in)
1998 119 1998 40.8
1995 86 2005 36.6
2005 78 1995 33.7

90th Percentile 78 90th Percentile 33.1
2011 78 1993 30.8
2004 74 1992 21.8
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TMDL Year Annual Wet Days TMDL Year
Annual Rainfall 

Depth (in)
1993 67 2011 21.5
2010 65 2001 20.7
1992 60 2010 17.7
2009 58 2003 16.8
2006 57 1997 16.1
1989 56 2004 15.8
1994 52 2008 15.3
1999 52 2000 14.6
2000 49 2006 14.5
2003 49 2009 13.0
1996 47 1991 11.7
2001 47 1996 11.4
2002 47 1994 10.3
2007 45 1989 9.5
1997 41 1999 7.3
2008 41 1990 6.7
1990 38 2002 5.3
1991 36 2007 3.9

2.3.4 Hydrologic Calibration

The hydrology component of SBPAT was calibrated for the only location in the entire SMB 
watershed where all data requirements (daily flow, hourly precipitation, and daily beach bacteria 
concentrations) were met - the Topanga Creek CML analysis region. No other SMB areas have 
sufficient data available.  The Topanga CML analysis region is located on the western edge of 
the SMB EWMP Group area. 

Since primary output for SBPAT includes annual volumes and pollutant loads, the calibration 
focused on accurate prediction of annual discharge volumes from the Topanga CML analysis 
region outlet, with estimated baseflow removed. Hourly rainfall data were used for the nearby 
Lechuza Patrol Station #72 gauge (gauge reference ID 352b,see Figure 4) in Malibu, with these 
data adjusted upward based on an annual rain depth ratio between the higher elevation Topanga 
Fire Station #69 gauge (gauge reference ID 6) and the coastal Lechuza gauge. Los Angeles 
County’s Topanga Creek streamflow gauge (gauge reference ID F54C-R) was used to estimate 
measured annual discharge volumes for comparison with modeled volumes. The effective 
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impervious percentage for the open space land use category and the saturated hydraulic 
conductivity of all mapped soil types served as calibration parameters.  

Previous hydrologic calibration reported in the SMB EWMP Work Plan (City of Los Angeles, 
LACFCD, County of Los Angeles, City of Santa Monica, and City of El Segundo, 2014) was 
refined to include additional precipitation and streamflow data. The refined calibration used a
vacant undifferentiated land use effective imperviousness value of 1percent. The refined
calibration required the evaluation of various saturated hydraulic conductivity multipliers that 
would result in increased model runoff (i.e., each soil type’s original hydraulic saturated 
conductivity was multiplied by the same value).  The calibration was performed iteratively with 
multipliers ranging from 0.1 to 2.0 until the average annual modeled volume produced an 
acceptable error value when compared to the average annual observed volumes. A multiplier of 
0.20 was selected as most appropriate.Figure 5 is a depiction of the refined hydrologic 
calibration results, including the 0.20 saturated hydraulic conductivity multiplier. The emphasis 
of the calibration effort focused on accurate, unbiased prediction of “non-extreme” annual 
conditions (annual volumes exceeding a 25-year frequency, 4 percent probability, were excluded 
from the calibration effort). Based on available data, the period of calibration was 12 years, 
between 2001 and 2012, with water years 2005 and 2008 excluded due to outlying streamflow 
measurement results. These calibrated input parameter values were used throughout all SMB 
watersheds in the wet weather RAAs.
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Figure 5. Annual Runoff Volumes for Topanga CML Analysis Region: Modeled vs. 
Observed, 2001-2012

Following calibration, average relative prediction error (or the percent differences between the 
average annual observed and modeled annual runoff volume) was calculated to be -0.24 percent.
According to the Regional Board’s RAA Guidance Document, which is based on Donigian, 
2000, SBPAT model performance with respect to hydrology as a result of this calibration is in 
the “very good” category. 

2.3.5 Water Quality Calibration

The RAA Guidelines require water quality calibration based on available monitoring data from 
each CML analysis region over the most recent 10 years. However,in the SMB EWMP CML 
analysis regions, freshwater (i.e., mass emission type) monitoring stations with fecal coliform
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data4 are not available from a recent 10 year period. Therefore, calibration meeting the 
guidelines is not possible at this time. After Coordinated Integrated Monitoring Program (CIMP)
monitoring data have been collected, this may be reevaluated as part of the EWMP adaptive 
management process. Also, since a conventional water quality calibration was not possible at this 
time, a validation of baseline exceedance day output was performed for the Leo Carrillo 
reference watershed using recent beach bacteria monitoring results, as described below. The 
reference watershed was used for this validation because it is the basis of the TMDL Waste Load 
Allocations, which these TLRs are intended to represent.

2.4 Wet Weather Target Load Reductions

The process for establishing TLRs of the two pollutants to be addressed quantitatively, lead and 
bacteria, are described in the following section.

2.4.1 Lead

Total lead is listed as a Category 2 WBPC in the Santa Monica Canyon Channel (CML analysis 
region 2-07) due to the existing 303(d) listing.  Currently there is no WQBEL established in the 
Permit because a TMDL has not been developed, so the California Toxics Rule (CTR) criteria 
maximum concentration (CMC) for total lead of 82 µg/L was used as the Water Quality 
Objective for wet weather. 82 µg/L was converted from the dissolved CMC of 65 µg/L by 
assuming a hardness of 100 mg/L as CaCO3, a default conversion factor of 0.791, and a Water 
Effects Ratio (WER) of 1.0. The TLR for CML analysis region 2-07 was calculated as follows:

Target Load Reduction = (Loadbaseline– Loadtarget) / Loadbaseline=

(299 lbs - 1182 lbs) / 299 lbs = 0 lbs (or 0%)

Where,

Loadbaseline= V x Ccritical = 5,300 acre-ft x 21 ug/L = 299 lbs

Loadtarget = V x CWQO = 5,300 acre-ft x 82 ug/L = 1182 lbs

V = modeled total annual runoff in 90th percentile critical year = 5,300 acre-ft

Ccritical = modeled 90th percentile daily concentration in 90th percentile critical year = 21 ug/L 

4 Fecal coliform data were used to represent all fecal indicator bacteria because it has the most robust land use and 
BMP effluent EMC datasets. 
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CWQO = Water Quality Objective = 82 ug/L

Therefore, even in the critical year, the TLR for total lead is zero.  Furthermore, the 90th

percentile daily concentration from CML analysis region 2-07 is 21 ug/L total lead, which is still 
well below the Water Quality Objective of 82 ug/L.  Total lead reductions are reported in this 
RAA document for CML analysis region 2-07 (Santa Monica Canyon), but these reductions are 
not compared with a numeric TLR.

2.4.2 Bacteria 

In order to establish the bacteria TLR for each Santa Monica Bay modeled CML analysis region,
a new modeling methodology was developed and tested to relate theannual number of modeled 
calendar days with rainfall-generated runoff (or “discharge days”) to the expected annual 
bacteria exceedance days, which is the Permit’s receiving water limit expression for the SMBBB
TMDL (per Permit Attachment M). To be consistent with the SMBBB TMDL for wet weather,
which established the allowed exceedance day Waste Load Allocations based on monitoring 
results from the Leo Carrillo reference beach, this modeling methodology was first tested on Leo 
Carrillo and its Arroyo Sequit CML analysis region for the same critical year as the TMDL
(TMDL year 1993). The goal of this analysis was to validate the modeling methodology by 
comparing its predicted exceedance days for Leo Carrillo with the 17 exceedance days from the 
TMDL, for TMDL year 1993. This analysis occurred in three steps:

1. The calibrated SBPAT model, using the nearby Lechuza Patrol Station gauge for TMDL 
year 1993 (consistent with the TMDL), resulted in 59 discharge days for Arroyo Sequit.  •

2. Based on 2003 to 2013 Leo Carrillo monitoring data, 27 percent of wet weather samples 
exceeded the single sample recreational Water Quality Objectives on days with rainfall 
greater than 0.10-in.  In other words, 27 percent of wet weather days when runoff 
discharges might be expected, FIB concentrations at the beach exceeded the objectives.  •

3. Multiplying 59 discharge days by the 27 percent exceedance percentage results in 16
predicted wet weather exceedance days for Leo Carrillo for TMDL Year 1993.  This 
result is within 6 percent of the 17 exceedance days that were determined through the 
original analysis in the SMBBB wet weather TMDL, therefore validating the proposed 
exceedance day model prediction methodology.•

After validation of the modeling methodology using the reference watershed, it was applied to all 
SMB CML analysis regions in the EWMP to predict baseline EDsfor the 90th percentile year, or 
TMDL year 1995. Once baseline exceedance days were estimated for every CML analysis 
region, the exceedance day count was compared with allowed exceedance days from the TMDL 
(i.e., 17 for all non-antidegradation compliance monitoring beaches).  To determine the TLR 
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necessary for each CML analysis region to meet the allowed exceedance days, a virtual retention 
BMP was modeled at the outlet of each CML analysis region.This approach was presented to 
Regional Board staff on June 6, 2014 and verbal feedback received during the meeting was 
supportive.

Each virtual retention BMP included a diversion with a virtual hydraulic capacity that results in 
in a model-derived bypass frequency (or number of discharge days), during TMDL year 1995 
that meets the allowable exceedance day criteria.  Each diversion is modeled as a full capture 
system.  The net load reduction resulting from this BMP scenario (i.e., baseline CML analysis 
region load minus CML analysis region load with the diversion system and retention BMP in 
place) for the 90th percentile year (1995), becomes the TLR for each CML analysis region. For 
the RAA, reasonable assurance of compliance is established when load reductions associated 
with proposed BMPs equal the TLR for each CML analysis region.

In summary, the following approach is implemented to calculate a TLR for each SMB modeled 
CML analysis region (see Attachment D for example calculation):

1. Each CML analysis region is modeled in SBPAT for the 90th percentile year (1995).
2. The existing, baseline condition (i.e., without any outlet retention BMP) is modeled for 

each CML analysis region, resulting in a mean baseline fecal coliform (FC) load for the
90th percentile year (baseline load).

3. The exceedance percentage of samples collected during days with precipitation greater 
than 0.1 inches is determined for each CML analysis region’s receiving water.

4. The allowable number of discharge days for each CML analysis region is calculated by 
dividing 17 TMDL allowable exceedance days by the exceedance percentage calculated 
in Step 3.

5. An instream diversion to a large virtual retention BMP at the outlet of each CML analysis 
region is iteratively sized so that it only bypasses during the number of allowable 
discharge days determined in Step 4.

6. Each diversion and virtual retention BMP is then modeled in SBPAT to produce a mean 
FC load for the 90th percentile year (allowed load).

7. For each CML analysis region, the difference between the baseline load (step 2) and the 
allowed load (step 6) results in a TLR for the 90th percentile year, which is the target load
reduction required to meet the 17 allowable TMDL exceedance days for wet weather.
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2.5 Validation of Using Annual Loads to Predict Exceedance Day Reductions

A second methodology validation step was performed to demonstrate whether modeled annual 
fecal coliform loads were indeed predictive of the compliance metric, or annual beach 
exceedance days for all fecal indicator bacteria.  For bacterial modeling, verifying the linkage 
between modeled fecal coliform loads(i.e., discharged from the watershed outlets) and total 
observed wet weather exceedance days(in the ocean, based on the REC1 beneficial use daily 
maximum Water Quality Objectives) is important to establish reasonable assurance that the 
ocean monitoring locations will be in compliance with the Permit limits for the SMBBB TMDL. 
To establish this linkage, an analysis was conducted using shoreline monitoring data at Topanga 
Canyon5 (SMB 1-18) between 2005 and 2013. Figure 6 illustrates that decreasing fecal coliform 
loads should result in measurable reductions in exceedance days, and that there is a reasonable 
correlation between total annual modeled fecal coliform loads and total annual observed wet 
weather exceedance days. Each point shown represents one TMDL year.

5 This CML analysis region is 88% open space and was selected for water quality validation due to it being the 
hydrologic calibration CML analysis region as well as because it had daily shoreline monitoring data, which was 
necessary in order to have a sufficiently robust dataset of annual wet weather exceedance days.
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Figure 6. Correlation between Modeled Fecal Coliform Loads and Observed Exceedance 
Days (each point represents one TMDL year, 2005-2013)

3 MODELING EXISTING, PLANNED, AND PROPOSED BEST MANAGEM ENT 
PRACTICES (BMPS)

The section below specifically discusses the general BMP planning objectives, methods used to 
identify and prioritize BMP opportunities, and inputs and assumptions for the modeled non-
structural and structural (regional, centralized, and distributed) BMPs.

3.1 BMP Objectives

The objectives of the non-structural and structural BMPs are foremost to meet the TLRs in each 
CML analysis region in order to demonstrate reasonable assurance that compliance with the 
TMDL WQBELs and RWLs from the Permit will be achieved. Additional goals include 
reduction of other pollutants to downstream waterbodies, decreased reliance on potable water 
and replacement with non-potable water of for irrigation due to on-site harvest/use and 
infiltration basin projects, increase in groundwater recharge due to infiltration, and reduction in 
dry weather runoff.

3.2 Methods to Identify and Prioritize Opportunities

In order to demonstrate reasonable assurance, BMPs were identified in a prioritized manner. 
Prioritization was based on cost (low cost BMPs were prioritized); BMP effectiveness for the 
pollutants of concern (BMPs that had greater treatment efficiency for the pollutant of concern in 
a particular analysis region were prioritized over other BMPs); and implementation feasibility as 
determined by desktop screening. In general, non-structural BMPs were prioritized over 
structural BMPs due to their lower relative cost, and then structural BMPs were identified that 
would result in the least cost per load removed. This was accomplished by targeting land uses 
with the highest pollutant loads for bacteria.

The RAA was performed according to the following steps:

1. Assume non-modeled non-structural BMP load reduction (2.5-7.5 percent of baseline 
pollutant load);

2. Calculate public retrofit incentives (e.g., downspout disconnects) and redevelopment load 
reductions;

3. Calculate load reductions attributable to anticipated new permit compliance activities of 
non-MS4 entities (e.g., Industrial General Permit holders and Caltrans);
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4. Calculate planned and proposed regional/centralized BMP load reductions based on 
existing plans and parcel screening analysis;

5. Meet the TLR by backfilling the remaining load reduction with specific 
regional/centralized BMP projects or distributed BMPs assumed treat a percentage of 
developed land uses.•

Load reductions were evaluated for the interim and final compliance dates of 2018 and 2021.  

3.3 Non-Structural BMPs  

Analyzed non-structural BMPs have been categorized as follows. Specific model inputs for 
modeled non-structural BMPs, including redevelopment, public retrofit incentives, and non-MS4 
parcels/areas are summarized in tabular format in the next section, along with model inputs for 
distributed green streets BMPs (Tables 6 through 8).

3.3.1 Non-Modeled Non-Structural BMPs

These include a combination of bacteria-targeted, wet weather source control BMPs that the 
SMB EWMP agencies are committed to implementing, such as pet waste controls (ordinance, 
signage, education/outreach, mutt mitts, etc.), human waste source tracking and remediation 
(e.g., homeless controls, leaking sewer investigations, etc.), enhanced street sweeping (e.g., 100
percent vacuum sweepers, increased frequency, etc.), increased catch basin and storm drain 
cleaning, and other new or enhanced non-structural BMPs that target the pollutants addressed in 
this EWMP. A combined credit of 2.5 – 7.5 percent load reduction (assuming a mean of 5
percent) was applied for all pollutants to represent the cumulative benefit from all non-modeled 
non-structural BMPs.

3.3.2 Modeled Redevelopment

Beginning in 2001, redevelopment projects were required by the Permit (via the Standard Urban 
Stormwater Management Program (SUSMP)) to incorporate stormwater treatment BMPs into 
their projects if their project size exceeded specified thresholds. The 2012 MS4 Permit 
established new criteria for redevelopment projects, requiring certain sized projects to capture, 
retain, or infiltrate the 85th percentile design storm or the 0.75-inch design storm, whichever is 
greater, via the implementation of low impact development (LID) BMPs. To account for these 
redevelopment requirements, BMPs were modeled in SBPAT assuming land use-specific annual 
redevelopment rates for projects that triggered former SUSMP requirements or will trigger the 
Permit’s LID BMP requirements (Table 5). These assumed rates were based on redevelopment 
data collected in the Los Angeles region. 



J2J3 SMB EWMP – RAA Summary
20 March 2015
Page 23

SMB EWMP RAA Memo - 06032015

Table 5. Assumed Annual Redevelopment Rates

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

BMPs were assumed to be implemented, and to continue be implemented in the future, at these 
rates across two distinct time periods:

�x TMDL Effective Date - 2015: The Standard Urban Storm Water Mitigation Plan (SUSMP)
requirements, based on the 2001 MS4 Permit, were assumed to be implemented over this 
period as flow-through media filters at a 0.2 in/hr design intensity (Los Angeles County 
Department of Public Works, 2002).

�x 2015 - Final Compliance Deadline (2021):The 2012 MS4 Permit post-construction 
requirements were assumed to be implemented over this period as 50 percent biofiltration 
and 50 percent bioretention. Biofiltration (bioretention with underdrains) were modeled using 
bioswale BMP types (to account for a small amount of volume reduction) with bioretention 
effluent EMCs and sized to treat 150 percent of the 1-year, 1-hour design storm 
(approximately 0.3 in/hr)6 because they do not retain all the design storm volume on site 
(they are flow-through systems), while bioretention units were sized to retain 100 percent of 
the 85th percentile, 24-hour design storm depth, calculated as the mean for each CML 
analysis region.•

2015 is used as a transition date since the LID post-construction requirements from the 2012 
MS4 Permit are required to be in full effect via local LID ordinances by this time. 

In order to estimate load reductions associated with these redevelopment BMPs, the land use 
percentages shown in Table 5 were multiplied by the respective land use areas in each analysis 
region, resulting in an assumed area treated by LID BMPs each year. This area was multiplied by 
the applicable number of years during each time period above, since new BMPs are assumed to 
be implemented each year. The total land use area assumed to be redeveloped for each analysis 

6 150% of the 1-year, 1-hour design storm was used per Section VI.D.7.c.iii of the Permit. 
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region was then modeled as being treated by the BMPs described above and the total load 
reduction was quantified.   

3.3.3 Modeled Public Retrofit Incentives

These BMPs include programs directed at incentivizing the public to decrease the amount of 
stormwater runoff from their property, specifically via downspout disconnects. Public incentives 
for retrofitting existing development were assumed to be a downspout disconnection program, 
modeled as bioswales sized to a design storm intensity of 0.2 in/hr.  Assumptions included that 
10 percent of all single family residential areas would be converted to disconnected downspout 
systems over the 2015 (EWMP implementation start date) to 2021 (TMDL final compliance 
deadline) time period, and that, based on GIS analysis, 38 percent of the single family residential 
area consists of rooftops that can be effectively disconnected. Therefore, 3.8 percent of all single 
family residential neighborhoods were modeled as treated by bioswales in order to account for 
public retrofit incentives.   

3.3.4 Modeled Inspection of Non-MS4 Permitted Parcels or Areas

SBPAT was used to quantify the load reduction assuming that regulated parcels/areas would be
in compliance with the NPDES Statewide Storm Water Permit Waste Discharge Requirements 
(WDRs) from State of California Department of Transportation (Order No. 2012-0011-DWQ, 
NPDES No. CAS000003) and the California NPDES General Permit for Storm Water 
Discharges Associated with Industrial Activities (Industrial General Permit [IGP], Order 2014-
0057-DWQ). A load reduction was obtained from these areas by simulating treatment plants
sized to treat the IGP’s design storm requirement, the 85th percentile, 24-hour storm event (0.2 
in/hr), with an effluent concentration set equal to the water quality standard.  For fecal coliform, 
400 MPN/100mL was used. A default diversion rate of 10,000 cfs was assumed for each 
treatment plant, intended to simulate the capture of all runoff volume from the 85th percentile 
event.

3.4 Distributed Green Street BMPs 

Distributed BMPs, including green streets, were modeled by assuming 25 percent of the MS4 
area can be treated in the right-of-way, and this would be met by 50/50 use of biofilters and 
bioretention. Biofilters were sized to 150 percent of the 85th percentile, 24-hour design storm (0.3 
in/hr) consistent with the Permit’s post-construction sizing requirements for flow-through 
systems, while bioretention units were sized to 100 percent of the 85th percentile, 24-hour design 
storm depth, calculated as the mean for each CML analysis region. Biofilters were modeled 
using bioswale volume reduction and bioretention effluent EMCs. Distributed BMPs were 
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applied at levels unique to each CML analysis region, based on need, after accounting for load 
reductions attributable to non-structural and regional/centralized BMPs. They were applied by 
assuming treatment of stormwater from CML analysis region-specified percentages of single 
family and commercial land use areas and CML analysis region-specified percentages of multi-
family land use areas, until TLRs are met. These land use and BMP type combinations were 
chosen based on their ability to result in maximum bacteria load reduction.

Specific model inputs for public retrofit incentives, redevelopment, and distributed BMPs are 
summarized in Tables 6 and 7.Model input for quantifying load reductions attributable to
compliance with non-MS4 permits are summarized inTable 8.
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3.5.1 CML Analysis Region 2-02 Regional/Centralized BMPs

Two centralized BMPs are modeled within CML Analysis Region 2-02 (see Figure 7):

�x RBMP20 Santa Ynez (City of Los Angeles).RBMP20 is a proposed debris basin and 
bioswale project located within Los Liones Park in Los Angeles. It will be constructed as 
a debris basin formed by a dike that houses the inlet to a City of Los Angeles concrete 
box storm drain. The existing rustic bioswale currently only collects local storm flows, 
but it provides an opportunity for integration into the Santa Ynez BMP. It is modeled as 
an infiltration basin to best reflect capture rates and volume losses. Multiple benefits 
include pollutant load reduction and groundwater recharge.  
Status: Planned; construction by 2021

�x RBMP23 2-2 Parking Lot (City of Los Angeles).RBMP23 is a proposed subsurface 
infiltration basin located south of PCH, adjacent to Will Rogers Beach, in Los Angeles. It 
is modeled as an infiltration basin to best reflect capture rates and volume losses. The 
assumed depth of the basin was determined assuming a 96-hr drawdown time for vector 
control purposes7. •
Status: Proposed; construction by 2021•

7 A 96-hour drawdown time was assumed based on Attachment H of the MS4 Permit which states, “Harvested 
rainwater must be stored in a manner that precludes the breeding of mosquitoes or other vectors or with a draw 
down not to exceed 96 hours.” 



J2J3 SMB EWMP – RAA Summary
20 March 2015
Page 31

SMB EWMP RAA Memo - 06032015

Figure 7. Modeled Regional/Centralized BMPs within CML Analysis Region2-02

3.5.2 CML Analysis Region 2-06 Regional/Centralized BMPs

One centralized BMP is modeled within CML Analysis Region 2-06 (see Figure 8):

�x RBMP08 Temescal (City of Los Angeles).The Temescal Canyon Project is a large-
scale storage, treatment and diversion project located within Temescal Canyon Park, in 
Los Angeles. It is modeled as an infiltration basin to best reflect capture rates and volume
losses however all captured stormwater will be pumped at the dewatering rate (5 cubic 
feet per second) to the wastewater treatment plant. 
Status: Planned; concept report completed; construction by 2021
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Figure 8. Modeled Regional/Centralized BMPs within CML Analysis Region2-06

3.5.3 CML Analysis Region 2-07 Regional/Centralized BMPs

Three regional and two centralized BMPs are modeled within CML Analysis Region 2-07 (see 
Figure 9):

�x RBMP47 RivieraLg85 (City of Los Angeles).The Riviera project is a planned large-
scale storage, treatment and use regional BMP (capturing the 85th percentile storm)
located at the Riviera Country Club, which would divert runoff from the storm channel to 
the north. It is modeled as an infiltration basin to best reflect capture rates and volume 
losses, however, harvested stormwater will be used for both golf course irrigation 
purposes as well as infiltration. The average depth of the basin was determined assuming 
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a 96-hr drawdown time. Multiple benefits include pollutant load reduction, reduced 
potable water demand, and some groundwater recharge.
Status: Planned; in concept development; construction by 2018

�x RBMP48 Rustic85 (City of Los Angeles).The Rustic Canyon regional BMP (capturing
the 85th percentile storm) is a proposed 5-ft deep infiltration basin located at the Rustic 
Canyon Recreation Center in Los Angeles, designed to collect runoff from local 
neighborhoods to the north.  Harvest and use may also be an option to potentially 
supplement or replace landscape irrigation at the park. Multiple benefits include pollutant 
load reduction, potential reduced potable water demands, and groundwater recharge.
Status: Proposed; in concept development; construction by 2021

�x RBMP40b RivieraBarrancaSW (City of Los Angeles).The Riviera barranca is a 
proposed centralized BMP which would treat and infiltrate stormwater runoff from the 
adjacent channel in a 4,800-ft long bioswale running in a north-south direction through 
the Riviera Country Club. Multiple benefits include pollutant load reduction, aesthetic 
enhancements, and minor groundwater recharge.
Status: Proposed; in concept development; construction by 2021

�x RBMP17 Mandeville (City of Los Angeles). Mandeville Canyon is a planned 
centralized BMP, specifically a roadside bioswale with underground storage capacity. 
Harvested stormwater will be treated via bioswale, stored within a subsurface tank and 
then used for park irrigation purposes.  In order to account for the capture and use 
components of the project, this BMP was modeled as an infiltration basin. Multiple 
benefits include pollutant load reduction, reduced potable water demands, and minor 
groundwater recharge.
Status: Planned; concept report completed; construction by 2021

�x RBMP43 OldOakRoad (City of Los Angeles).RBMP43 is a recently constructed
infiltrating regional BMP (treating the 85th pervcentile storm), specifically a series of 
bioswales located along Old Oak Road (one block west of Sunset Boulevard) extended 
slightly beyond the intersection with Riviera Ranch Road.•
Status: Existing; construction completed in 2014
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Figure 9. Modeled Regional/Centralized BMPs within CML Analysis Region2-07

3.5.4 CML Analysis Region 3-01 Regional/Centralized BMPs

Three centralized BMPs are modeled within CML Analysis Region 3-01 (see Figure 10):

�x RBMP30 GooseEggPark (Lead Agency: City of Santa Monica).RBMP30 is a 
proposed centralized BMP, specifically an infiltration basin located in Goose Egg Park. A 
shallow 2-ft depth was selected for the model to allow for sizing adjustments if, based on 
site specific utility information, the full footprint is not found to be feasible. Multiple 
benefits include pollutant load reduction and groundwater recharge.
Status: Proposed; construction by 2021

�x RBMP31 RooseveltElemen (Lead Agency: City of Santa Monica).RBMP31 is a 
proposed centralized BMP, specifically a cistern located under the Roosevelt Elementary 
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School athletic field and open green space on the front lawn.  It is assumed that both 
areas can be used for direct onsite use and/or subsurface infiltration. A 96-hour 
drawdown time was assumed. Multiple benefits include pollutant load reduction and 
decreased reliance on potable water.
Status: Proposed; construction by 2018

�x RBMP29 SanVicenteMedian (Lead Agency: City of Santa Monica).RBMP29 is a 
proposed centralized BMP, specifically an infiltration basinlocated in the median of San 
Vicente Boulevard.  A depth of 1-ft was assumed in order to reflect the potential for 
surface infiltration, modeled after a bioswale or bioretention-type BMP, also allowing for
sizing adjustments if, based on site specific utility information, the full footprint is not 
found to be feasible. Harvest and use may also be an option to potentially supplement or 
replace landscape irrigation along the median. Multiple benefits include pollutant load 
reduction and potentially reduced reliance on potable water.•
Status: Proposed; construction by 2021•
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Figure 10. Modeled Regional/Centralized BMPs within CML Analysis Region 3-01

3.5.5 CML Analysis Region 3-02 Regional/Centralized BMPs

Two centralized BMPs are modeled within CML Analysis Region 3-02 (see Figure 11):

�x RBMP32 ReedPark (Lead Agency: City of Santa Monica).RBMP32 is a proposed 
centralized BMP, specifically a cistern located under the tennis courts and green space at 
Reed Park in Santa Monica, intended to be used for irrigation. It is modeled as a shallow
infiltration basin to best reflect capture rates and volume losses and a portion of captured 
stormwater could also be infiltrated in addition to the harvest and use plan. Multiple 
benefits include pollutant load reduction and reduced potable water demand. 
Status: Proposed; construction by 2018
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�x RBMP33 LincolnMiddleSch (Lead Agency: City of Santa Monica).RBMP33 is a 
proposed centralized BMP, specifically a cistern located under the Lincoln Middle 
School athletic field, intended to be used for irrigation. It is modeled as a shallow
infiltration basin to best reflect capture rates and volume losses, and a portion of captured 
stormwater could also be infiltrated in addition to the harvest and use plan. Multiple 
benefits include pollutant load reduction and potential for reduced potable water demand. •
Status: Proposed; construction by 2021•

Figure 11. Modeled Regional/Centralized BMPs within CML Analysis Region 3-02

3.5.6 CML Analysis Region 3-03 Regional/Centralized BMPs

One centralized BMP is modeled within CML Analysis Region 3-03 (see Figure 12):
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�x RBMP16a CleanBeachesPier (Lead Agency: City of Santa Monica).RBMP16a is a 
planned centralized BMP, specifically a storage, treatment, and use project located 
immediately north of the Santa Monica Pier, adjacent to the City Beach Maintenance 
Yard. This project will divert runoff stormwater runoff to modular storage tanks for 
treatment and use via the existing SMURRF plant. It is modeled as an infiltration basin to 
best reflect capture rates and volume losses. The average depth of the basin was 
determined assuming a 96-hr drawdown time.
Status: Planned; concept developed; construction by 2018

Figure 12. Modeled Regional/Centralized BMPs within CML Analysis Region 3-03

3.5.7 CML Analysis Region 3-04 Regional/Centralized BMPs

Six regional/centralized BMPs are modeled within CML Analysis Region 3-04 (see Figure 13):
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�x RBMP44 Brentwood85 (Lead Agency: City of Los Angeles).RBMP44 is a planned
regional BMP (designed to capture the 85th percentile storm), specifically a large-scale 
storage, treatment and use project located at the Brentwood Golf Course. It is modeled as 
an infiltration basin to best reflect capture rates and volume losses, however, all harvested
stormwater will be used for golf course irrigation purposes. The assumed depth of the 
basin was determined assuming a 96-hr drawdown time. Multiple benefits include 
pollutant load reduction and reduced potable water demand. 
Status: Planned; concept report developed; construction by 2021

�x RBMP55 Memorial85 (Lead Agency: City of Santa Monica).RBMP44 is a proposed 
regional BMP (designed to capture the 85th percentile storm), specifically a storage tank
located within Memorial Park and designed to capture the 85th percentile, 24-hour 
volume. It is modeled as an infiltration basin to best reflect capture rates and volume 
losses, however, the harvested stormwater would be used for irrigation and flushing 
purposes. The assumed depth of the basin was determined assuming a 96-hr drawdown 
time. Multiple benefits include pollutant load reduction and reduced potable water 
demand. 
Status: Proposed; construction by 2021

�x RBMP52 SMCivicAud85 (Lead Agency: City of Santa Monica).RBMP52 is a 
proposed regional BMP (designed to capture the 85th percentile storm), specifically a 
subsurface storage tank located under the parking lot for the Santa Monica Civic Center 
Auditorium. It is modeled as an infiltration basin to best reflect capture rates and volume 
losses, however, harvested stormwater would be used for irrigation and flushing 
purposes, if demand is available. Multiple benefits include pollutant load reduction and 
potential for reduced potable water demand. 
Status: Proposed; construction by 2021

�x RBMP16b CleanBeachesPK (Lead Agency: City of Santa Monica).RBMP16b is a 
planned centralized BMP, specifically a large-scale storage, treatment and use project 
located at the existing Pico-Kenter Pump Station area, specifically on the beach adjacent 
to the outfall channel. The storage tanks would allow captured stormwater to be 
transferred to the SMURRF for treatment and use. It is modeled as an infiltration basin to 
best reflect capture rates and volume losses. The assumed depth of the basin was 
determined assuming a 96-hr drawdown time.
Status: Planned; concept report developed; construction by 2021

�x RBMP11 LosAmigos (Lead Agency: City of Santa Monica).RBMP11 is a proposed 
centralized BMP, specifically a large-scale storage, treatment, and use project located 
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within Los Amigos Park. It would be constructed as a cistern but is represented as an 
infiltration basin for the RAA to best reflect capture rates and volume losses. All 
stormwater harvested by this project would be used for indoor flushing and irrigation 
purposes. The assumed depth of the basin was determined assuming a 96-hr drawdown 
time. Multiple benefits include pollutant load reduction and reduced potable water 
demand. 
Status: Proposed; construction by 2021

�x RBMP53 SMHSBuilt (Lead Agency: City of Santa Monica).RBMP34 is a recently 
constructed centralized BMP, specially an infiltration and permeable pavement project 
located at Santa Monica High School. It is modeled as both an infiltration basin as well as 
permeable pavement.•
Status: Existing; construction completed 2015•

Figure 13. Modeled Regional/Centralized BMPs within CML Analysis Region 3-04
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3.5.8 CML Analysis Region 3-05 Regional/Centralized BMPs

One centralized BMP is modeled within CML Analysis Region 3-05 (see Figure 14):

�x RBMP37 3-5ParkingLot (Lead Agency: City of Santa Monica). RBMP37 is a 
proposed centralized BMP, specifically a subsurface infiltration basin located under the 
parking lot adjacent to Ocean Beach Park in between Ocean Front Walk and Barnard 
Way. A shallow 2-ft depth was assumed in order to minimize the potential impacts due to 
tidal influences, although this should be evaluated in further stages of design. This parcel 
is state-owned and such permissions would need to be obtained.
Status: Proposed; construction by 2018

Figure 14. Modeled Regional/Centralized BMPs within CML Analysis Region 3-05
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3.5.9 CML Analysis Region 3-06 Regional/Centralized BMPs

Four centralized BMPs are modeled within the CML Analysis Region 3-06 (see Figure 15):

�x RBMP38 OlympicHigh (Lead Agency: City of Santa Monica).RBMP38 is a proposed 
centralized BMP, specifically an infiltration basin located under the parking lot at 
Olympic Continuation High School. A shallow 2-ft depth was assumed to allow for the 
same volume capture, but with a smaller footprint, if further stages of design indicate that 
such and adjustment is necessary. This project is modeled as an infiltration basin to best 
reflect capture rates and volume losses, however, a portion of the harvested stormwater 
may be used for irrigation purposes. Multiple benefits include pollutant load reduction
and potential for reduced potable water demand. 
Status: Proposed; construction by 2021

�x RBMP13 Ozone (Lead Agency: City of Santa Monica).RBMP13a is a proposed 
centralized BMP, specifically a large-scale storage, treatment and use project located 
within Ozone Park. It is modeled as an infiltration basin to best reflect capture rates and 
volume losses, however, all harvested stormwater would be used for irrigation purposes. 
The modeled infiltration rate is intended to reflect a discharge rate of 1.2 cubic feet per 
second. Multiple benefits include pollutant load reduction and reduced potable water 
demand. 
Status: Proposed; construction by 2018

�x RBMP10 PenmarPh2 (Lead Agency: City of Los Angeles).RBMP10 is a planned 
centralized BMP, specifically an expansion to the recently constructed large-scale 
storage, treatment and diversion project (adding 3,300 cubic feet of storage volume to the 
existing 367,000 cubic feet). It is modeled as an infiltration basin to best reflect capture 
rates and volume losses, however, all harvested stormwater will be pumped at the 
discharge rate, assumed based on a 96-hour drawdown time, to the wastewater treatment 
plant. Harvested stormwater may also potentially be used at Santa Monica’s Marine Park.
Status: Planned; construction by 2021

�x RBMP39 WillRodgersElem (Lead Agency: City of Santa Monica).RBMP39 is a 
proposed centralized BMP, specifically a subsurface infiltration basin located under the 
field and paved play areas at Will Rogers Elementary School. It is modeled as an 
infiltration basin to best reflect capture rates and volume losses, however a portion of the 
captured stormwater may be used for irrigation and flushing purposes. Multiple benefits 
include pollutant load reduction and potential for reduced potable water demand. •
Status: Proposed; construction by 2021•
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Figure 15. Modeled Regional/Centralized BMPs within CML Analysis Region 3-06

3.5.10 CML Analysis Region 3-07 Regional/Centralized BMPs

Four regional BMPs are modeled within CML Analysis Region 3-07 (see Figure 16):

�x RBMP01b GrandBlvdIMF (Lead Agency: City of Los Angeles).RBMP01b includes 
four existing tree wells located at the intersection of Grand Boulevard and Riviera 
Avenue. The tree boxes filter stormwater through soil filter media and treated flows are 
captured in an underdrain connected to the adjacent downstream catch basin. It is 
modeled as media filters to best reflect pollutant concentration and volume reductions. 
Multiple benefits include pollutant load reduction, and street greening.
Status: Existing; construction completed December 2009
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�x RBMP21b GrandBlvdIIMF (Lead Agency: City of Los Angeles).RBMP21b includes 
four existing tree wells located along Abbot Kinney Boulevard between Rialto Avenue 
and Santa Clara Avenue. The tree boxes filter stormwater through soil filter media and 
treated flows are captured in an underdrain connected to the adjacent downstream catch 
basin. It is modeled as media filters to best reflect pollutant concentration and volume 
reductions. Multiple benefits include pollutant load reduction and street greening. 
Status: Existing; construction completed December 2009

�x RBMP03 Westminster (Lead Agency: City of Los Angeles).RBMP03 is an existing 
centralized BMP, specifically a bioswale, constructed wetland, and diversion to sewer 
located within the Westminster Dog Park. It is represented as an infiltration basin for the 
RAA to best reflect capture rates and volume losses. The diversion rate to the sewer 
assumes a 96-hr drawdown time. 
Status: Existing; construction completed July 2010

�x RBMP06 Oakwood85 (Lead Agency: City of Los Angeles).RBMP06 is a planned
regional BMP (capturing the 85th percentile storm), specifically an infiltration basin 
located at the Oakwood Recreation Center. It is modeled as an infiltration basin to best 
reflect capture rates and volume losses however a portion of harvested stormwater may 
be used for park irrigation purposes. Multiple benefits include pollutant load reduction, 
groundwater recharge, and potential for reduced potable water demand. •
Status: Planned; concept report completed; construction by 2021•
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Figure 16. Modeled Regional/Centralized BMPs within CML Analysis Region 3-07

3.5.11 CML Analysis Region 3-09 Regional/Centralized BMPs

One regional BMP is modeled within CML Analysis Region 3-09 (see Figure 17):

�x RBMP18 CrescentBay (Lead Agency: City of Santa Monica).RBMP18 is a proposed 
regional BMP, specifically a subsurface permeable pavement infiltration basin located 
under the parking lot near Crescent Park. This green beach parking lot is modeled as an 
infiltration basin to best reflect capture rates and volume losses. The average depth was 
set to reflect a reasonable permeable pavement depth of three feet of sub-base with a 40 
percent void ratio. 
Status: Proposed; construction by 2018
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Figure 17. Modeled Regional/Centralized BMPs within CML Analysis Region 3-09

3.5.12 CML Analysis Region 2-11 Regional/Centralized BMPs

Two regional BMPs are modeled within CML Analysis Region 2-11 (see Figure 18):

�x RBMP19 WestchesterPark (Lead Agency: City of Los Angeles).RBMP19 is a 
planned regional BMP, specifically an infiltration basin located in Westchester Park. A 
Corrugated Metal Pipe (CMP) laid above a layer of stone will be used as the detention 
and infiltration system. It is modeled as an infiltration basin to best reflect capture rates 
and volume losses however a portion of the harvested stormwater may be treated and 
used to irrigate Westchester Park. Multiple benefits include pollutant load reduction, 
groundwater recharge, and potential for reduced potable water demand. 
Status: Planned; concept report completed; construction by 2021
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�x RBMP09 WestchesterLAX (Lead Agency: City of Los Angeles).RBMP09 is a 
planned regional BMP, specically a large-scale subsurface infiltration basin located in 
Westchester adjacent to LAX airport. This project is modeled to reflect preliminary 
designs to divert stormwater into a subsurface tank, where it will be stored and pumped at 
the dewatering rate (20 cubic feet per second) to a separate subsurface infiltration gallery.•••
Multiple benefits include pollutant load reduction and groundwater recharge. •
Status: Planned; concept in development; construction by 2021•

Figure 18. Modeled Regional/Centralized BMPs within CML Analysis Region 2-11
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3.5.13 CML Analysis Region 2-13 Regional/Centralized BMPs

Three regional/centralized BMPs are modeled within CML Analysis Region 2-13 (see Figure 
19):

�x RBMP02 ImperialHwy (Lead Agency: City of El Segundo).RBMP02 is an existing 
centralized BMP, specifically a bioswale and dry well project located within the median 
along Imperial Highway.  This BMP was modeled as an infiltration basin to account for 
volume losses. Multiple benefits include pollutant load reduction and groundwater 
recharge. 
Status: Existing; construction completed August 2011

�x RBMP42 ImperialStrip (Lead Agency: City of El Segundo).RBMP42 is a planned 
centralized BMP, specifically a series of two 350-ft long roadside bioswales located in 
the area between Imperial Highway and Imperial Avenue, from Main Street to Hillcrest 
Street. Pressurized flow from Pump Station 17 is directed to these bioswales and 
conveyed back to the storm drain in Imperial Highway after treatment. It is modeled as a 
bioswale to best reflect pollutant filtration and some volume losses. •
Status: Planned; construction by 2018

�x RBMP15 Recreation85 (Lead Agency: City of El Segundo).RBMP15 is a proposed 
regional BMP (capturing the 85th percentile storm), specifically an infiltration basin
located within Recreation Park. It is modeled as an infiltration basin to best reflect 
capture rates and volume losses however a portion of harvested stormwater may be used 
for irrigation purposes. Multiple benefits include pollutant load reduction, groundwater 
recharge, and potential for reduced potable water demand. 
Status: Proposed; construction by 2018
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Figure 19. Modeled Regional/Centralized BMPs within CML Analysis Region 2-13

3.5.14 CML Analysis Region 2-15 Regional/Centralized BMPs

One regional BMP is modeled within CML Analysis Region 2-15 (see Figure 20):

�x RBMP41 PumpStationB85 (Lead Agency: City of El Segundo).RBMP41 is a 
proposed regional BMP (caturing the 85th percentile storm), specifically an infiltration 
basin located at the existing LACFCD Line B Pump Station. The basin floor will be 
replaced with a pervious structural section below the basin invert and sized to capture the 
85th percentile, 24-hour design event. It is modeled as an infiltration basin to best reflect 
capture rates and volume losses. Multiple benefits include pollutant load reduction and 
groundwater recharge. 
Status: Proposed; brief concept report developed; construction by 2018
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Figure 20. Modeled Regional/Centralized BMPs within CML Analysis Region 2-15

4 RAA RESULTS/DEMONSTRATION OF COMPLIANCE

4.1 Wet Weather - Bacteria

By implementing the steps described above, TLRs were developed for each modeled CML 
analysis region.  TLRs range from 0 to 53 percent of baseline annual fecal coliform loads for 
TMDL year 1995 and are depicted in Figure 21 and listed in Table 10. A 0 percent TLR 
resulted in some CML analysis regions (2-12, 2-14, and South of 2-15). These CML analysis 
regions had the lowest exceedance rates, produced very little runoff,and/or had few years with 
exceedance days greater than allowable exceedance days (maximum three of nine years, often 
exceeding by just one exceedance day).
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TLRs are presented for all CML analysis regions within the MS4, including both open beach and 
point zero CMLs. As discussed previously, TLRs for CML analysis regions located between two 
point zero CMLs, but not representing an open beach site, were calculated based on the historical 
compliance of the two adjacent CMLs.    

Figure 21. Target Load Reductions for Fecal Coliform for each Modeled CML Analysis 
Region
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Results of the RAA are presented in Tables 11 and 12below, for interim compliance (2018) and 
final compliance (2021), respectively. The interim compliance deadline for the SMBBB TMDL 
requires a 50 percent reduction in exceedance days; this will be met by achieving 50 percent of 
the TLR in each CML analysis region, through a combination of non-structural, distributed green 
streets BMPs, and existing and fast-tracked centralized/regional BMPs. Assuming a phased 
implementation, it was assumed that 50 percent of the proposed distributed green streets BMPs 
would be implemented in all CML analysis regions between 2015 and 2018,and 50 percent
would be implemented between 2018 and 2021. In CML analysis regions that needed additional 
load reductions beyond the default to meet the interim targets, the implementation of a higher 
relative percentage (greater than 50 percent) of distributed BMPs before 2018 was prioritized 
first, and fast-tracking specific planned or proposed regional BMPs was prioritized second. In 
CML analysis regions where no distributed green streets BMPs are necessary to meet the final 
compliance deadlines, regional BMPs were prioritized to reduce redundant load reductions.
However, in CML analysis region 2-11, a small number of distributed green streets BMPs (5
pecent of single family and commercial areas) were added rather than fast-tracking the large-
scale regional projects, which would meet the interim and final targets is constructed alone.
Alternatively, if the regional projects can be fast-tracked to be operable by 2018, then no 
distributed green streets BMPs would be required. The incremental load reduction between 
Penmar Phase I (existing) and Penmar Phase II (planned) is negligible. Therefore, the full load 
reduction applicable to Penmar Phase II has been applied to the interim compliance 
deadline/target.

As shown in the summary tables below, the TLRs are met in all CML analysis regions, with 
varying levels of non-structural, distributed, green streets BMPs and regional/centralized BMPs. 
On a SMB EWMP Group watershed-wide basis, at the time of the interim compliance deadline 
(2018), a 22 percent load reduction is estimated, which is greater than the interim TLR of 18
percent. At the time of the final compliance deadline (2021), 2021, a 42 percent load reduction is 
estimated, which is greater than the final TLR of 35 percent. The load reduction attributable to 
individual regional BMPs in each CML analysis region are provided in Attachment E.

It should be noted that if at any time specific distributed green streets or regional/centralized 
BMPs are found to be infeasible for implementation, alternative BMPs or operational changes 
will be planned within the same CML analysis region and within the same timeline, to meet an 
equivalent CML analysis region load reduction. 
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4.3 Debris

Compliance with the Debris TMDL will be met through a phased retrofit of all XXX catch 
basins throughout the SMB EWMP area to meet each interim compliance deadline (20% load 
reduction per year between 2016 and 2019) as well as the final compliance deadline (100% load 
reduction) in 2020. Consistent with the City’s Trash Monitoring and Reporting Plan (TMRP) 
(City of Los Angeles Department of Public Works, 2012), “vertical insert[s] with 5-mm
openings and flow activated opening screen covers are the best suited for implementation within 
the City to achieve compliance with Trash TMDLs”.    

4.4 PCBs and DDTs

The Santa Monica Bay TMDL for DDTs and PCBs developed waste load allocations (WLAs)
for stormwater throughout the Santa Monica Bay watershed.  Because the SMB EWMP group 
area contribution is not distinctly defined in the TMDL, the WLAs assigned to the entire Santa 
Monica Bay watershed management area (WMA) as a whole are being used for this discussion. 
Table 6-3 in the TMDL lists the existing annual DDT and PCB loads as compared to the annual 
maximum allowable loads.  The existing TMDL-estimated loads for all of Santa Monica Bay and 
most of the individual watersheds are lower than the maximum allowable loads.  As such, the 
WLAs for the entire Santa Monica Bay WMA were set equal to the existing estimates of annual 
MS4 loads for DDTs and PCBs as 28 grams per year (g/yr) and 145 g/yr, respectively.  
Therefore, consistent with the TMDL, it is assumed that there is a zero required load reduction 
for PCBs and DDTs in MS4 discharges, and reasonable assurance is demonstrated.   

As part of the adaptive management process based on monitoring data collected through the 
approved CIMP, additional structural and/or non-structural BMPs may be proposed if needed.  
Additionally, if the loads are found to be higher than estimated, but still less than the maximum 
allowable loads, there may be potential for the WLA to be revised. 

4.5 Dry Weather

Table 15outlines the qualitative analysis conducted for each of the CMLs. Many CMLs have an 
effective diversion such that they are consistently operational, well maintained, and properly 
sized so that they are effectively eliminating freshwater surface discharges to the surf zone 
during year-round dry weather days. Compliance with the SMBBB TMDL at SMB 2-14 is met 
by the lack of MS4 outfalls within that CML analysis region, such that no MS4 discharges are 
possible. Compliance with the SMBBB TMDL at SMB 2-15 is met through the observation of 
no non-stormwater, dry weather flows from the point zero CML.  Reasonable assurance at SMB 
2-12 and 3-9 is yet to be determined, pending the results of the non-stormwater outfall screening.
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Since the dry weather compliance deadlines for the dry weather TMDL have passed, this 
analysis is provided for informational purposes only, and is not intended to support or justify a 
new compliance schedule, additional non-structural or structural BMPs, or an evaluation of 
whether any newly proposed BMPs will provide a dry weather benefit. The SMB EWMP 
Group’s dry weather compliance approach is to eliminate 100 percent of non-exempt dry 
weather MS4 discharges through a combination of existing low flow diversions and a suite of 
new enhanced non-structural source controls (e.g., water conservation incentives, enhanced 
IDDE efforts, and enhanced education/outreach and inspection/enforcement to address sources
of non-stormwater flow) and source investigations following dry weather outfall screening.  By 
eliminating flows, this is equivalent to 100 percent load reduction for all pollutants, thereby 
demonstrating reasonable assurance of meeting all applicable Permit limitations during dry 
weather.  Elimination of discharges is a pathway for compliance with RWLs and WQBELs in the 
MS4 permit (per section VI.E.2.e.i.(3)); without discharges there can be no “cause or contribute” 
to receiving water issues.  

Table 15. Dry Weather RAA Evaluation

CML
Effective LFD

at Beach?
WMG MS4 

Outfall Absent?
Summer and Winter Dry Weather 

Anti-Degradation AED?
Non-Stormwater MS4 
Discharges Absent?

SMB 2-1 Yes Dry Weather RA Demonstrated

SMB 2-2 Yes Dry Weather RA Demonstrated

SMB 2-3 Yes Dry Weather RA Demonstrated

SMB 2-4 Yes Dry Weather RA Demonstrated

SMB 2-5 Yes Dry Weather RA Demonstrated

SMB 2-6 Yes Dry Weather RA Demonstrated

SMB 2-7 Yes Dry Weather RA Demonstrated

SMB 2-8 Yes Dry Weather RA Demonstrated

SMB 2-9 Yes Dry Weather RA Demonstrated

SMB 2-10 Yes Dry Weather RA Demonstrated

SMB 2-11 Yes Dry Weather RA Demonstrated

SMB 3-1 Yes Dry Weather RA Demonstrated

SMB 3-2 Yes Dry Weather RA Demonstrated

SMB 3-3 Yes Dry Weather RA Demonstrated

SMB 3-4 Yes Dry Weather RA Demonstrated

SMB 2-13 Yes Dry Weather RA Demonstrated

SMB 3-5 Yes Dry Weather RA Demonstrated

SMB 3-6 Yes Dry Weather RA Demonstrated

SMB 3-7 Yes Dry Weather RA Demonstrated
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SMB 3-8 Yes Dry Weather RA Demonstrated

SMB 2-14 No Yes* Dry Weather RA Demonstrated

SMB 2-15 No No No
Yes**, Dry Weather RA
Demonstrated

SMB 2-12 No No No Pending

SMB 3-9 No No No Pending
*There are no documented MS4 storm drains within the SMB 2-14 CML analysis region.
**Observations made on DATE and DATE indicated thatno non-stormwater, dry weather flows were observed 
from the point zero CML.

4.6 Multiple Benefits 

Not only is reasonable assurance demonstrated for the water quality objectives, but the proposed 
projects also provide multiple benefits beyond pollutant load reduction. Such benefits include:

�x Neighborhood Greening
o Improved aesthetics
o Reduced heat-island effects 

�x Water Conservation/Supply
o Supplemental onsite local water supply
o Reduced reliance on potable water supply

�x Groundwater Recharge
�x Public Education/Awareness

o Visible projects distributed throughout SMB EWMP Group area
o Options for educational materials to be posted at construction and completed sites

Additionally, it can be estimated in the 1995 critical year that:
�x About 95,000 acre-feet of rain falls on the watershed in an average year;
�x Approximately one third of that rain becomes runoff from the watershed (33,500 acre-

feet); and
�x About 11 percent of that runoff is retained by the EWMP BMPs (3,500 acre-feet) on

average within 1995.
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ATTACHMENT A

CML ANALYSIS REGION DETAILS
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Table A-1. Percentage of CML Analysis Region within each Jurisdiction

N/A = Not applicable as CML Analysis Region does not directly reflect a single compliance monitoring location 
(CML).

CML Analysis Region
Open Beach or 

Point Zero CML
County of 

Los Angeles

City of 
Los 

Angeles

City of 
Santa 

Monica

City of 
El 

Segundo
West of 2-01 N/A 95% 5.2% 0% 0%
SMB-2-01 Point zero 51% 49% 0% 0%
Between 2-01 and 2-02 N/A 0% 100% 0% 0%
SMB-2-02 Point zero 3.1% 97% 0% 0%
SMB-2-03 Open beach 0% 100% 0% 0%
SMB-2-04 Point zero 0% 100% 0% 0%
Between 2-04 and 2-06 N/A 0% 100% 0% 0%
SMB-2-05 Point zero 0% 100% 0% 0%
SMB-2-06 Point zero 0% 100% 0% 0%
Between 2-06 and 2-07 N/A 0% 100% 0% 0%
SMB-2-07 Open beach 0% 98% 2% 0%
Between 2-07 and 3-01 N/A 0% 50% 50% 0%
SMB-3-01 Point zero 0% 0% 100% 0%
Between 3-01 and 3-02 N/A 0% 0% 100% 0%
SMB-3-02 Point zero 0% 0% 100% 0%
SMB-3-03 Open beach 0% 0% 100% 0%
SMB-3-04 Point zero 0% 60% 40% 0%
SMB-3-09 Open beach 0% 0% 100% 0%
SMB-3-05 Point zero 0% 7% 93% 0%
SMB-3-06 Point zero 0% 35% 65% 0%
SMB-3-07 Point zero 0% 100% 0.3% 0%
SMB-3-08 Open beach 0% 100% 0% 0%
SMB-2-10 Point zero 0% 100% 0% 0%
Between 2-10 and 2-11 N/A 0% 100% 0% 0%
SMB-2-11 Point zero 0% 100% 0% 0%
SMB-2-12 Open beach 0% 100% 0% 0%
SMB-2-13 Point zero 0% 61% 0% 39%
SMB-2-14 Open beach 0% 88% 0% 12%
SMB-2-15 Point zero 0% 1% 0% 99%
South of 2-15 N/A 0% 0% 0% 100%
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ATTACHMENT B

SBPAT LAND USE EMCS
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ATTACHMENT D

EXAMPLE TLR CALCULATION FOR CML ANALYSIS 
REGION 2-11
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To better illustrate the TLR calculation process, the following example scenario was developed 
for compliance monitoring location (CML) 2-11 for TMDL year 1995.  

Steps 1-2: Calculate the exceedance frequency and allowable discharge days

The monitoring data in the receiving water of the CML analysis region draining to CML 2-11
was evaluated for exceedances of the TMDL FIB limits over all samples and only samples taken 
during days with precipitation greater than 0.1 inches.  To determine the allowable discharge 
days for 2-11, the 17 TMDL allowable exceedance days was divided by the exceedance 
frequency of samples taken during days with precipitation greater than 0.1 inches.  The results of 
this analysis are shown in the table below.

Historical Exceedance 
Frequency                                 
(All events)

Historical Exceedance 
Frequency                                    

(Daily rainfall > 0.10")

Allowable Discharge Days (Based 
on exceedance frequency with 

daily rainfall > 0.10")

23% 48% 36

Steps 3-4: Model the CML analysis region in SWMM5 and size a retention BMP to only bypass 
during the allowable discharge days

The CML analysis region was modeled in SWMM5 and resulted in 46 discharge days (i.e., 
midnight – midnight 24-hour periods where discharge occurred).  To reduce the baseline 46 
discharge days to the allowable 36 discharge days, the diversion flowrate to a hypothetical 
retention BMP was iteratively sized until these two numbers were equal.  This process resulted in 
a retention BMP with a diversion flowrate of 52 cubic feet per second (cfs).

Steps 5-8: Model the hypothetical retention BMP and the baseline condition in SBPAT and 
compare the FC loads to determine the TLR

The baseline condition for the 2-11 CML analysis regions and the hypothetical retention BMP 
with a diversion flowrate of 52 cfs were modeled in SBPAT for the TMDL year 1995.  The table 
below shows the results of this modeling.

Average MS4 
Baseline FC Load 

(10^12 MPN)

Average FC Load assuming 
hypothetical retention BMP 

(10^12 MPN)

MS4 Baseline FC 
Load Reduced 
(10^12 MPN)

% MS4 Baseline 
FC Load 
Reduced

465 378 87 19%
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ATTACHMENT E

LOAD REDUCTIONS ATTRIBUTABLE TO REGIONAL BMP
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1 Regional EWMP Projects

The Santa Monica Bay (SMB) Enhanced Watershed Management Program (EWMP) will include regional 
EWMP projects that retain and infiltrate or beneficially reuse all stormwater runoff from the 85th-
percentile, 24-hour storm event for the drainage area tributary to the project. Through an extensive 
screening process and coordination with the SMB EWMP Group (Group), eight (8) proposed regional 
EWMP project sites were selected for conceptual design for inclusion in the EWMP plan. Best 
Management Practice (BMP) types have been selected and sized for each of the eight sites. Based on the 
conceptual designs, preliminary cost estimates were developed.

The location and BMP type of the eight proposed regional EWMP projects are summarized in Table 1-1
and Figure 1 shows the location of the projects within the SMB EWMP Group area.

Table 1-1
Summary of Regional EWMP Projects

Regional EWMP 
Project

BMP Type Jurisdiction Address / Location

Brentwood Country 
Club

Storage and Use City of Los Angeles
590 S Burlingame Ave

Los Angeles, CA 90049
Oakwood Recreation 

Center
Storage and Use City of Los Angeles

767 California Ave
Venice, CA 90291

Riviera Country Club Storage and Use City of Los Angeles
1250 Capri Dr

Pacific Palisades, CA 90272
Rustic Canyon 

Recreation Center
Subsurface Infiltration City of Los Angeles

601 Latimer Rd
Santa Monica, CA 90402

Line B Pump Station Surface Infiltration City of El Segundo 201-223 Center St
El Segundo, CA 90245

Recreation Park Subsurface Infiltration City of El Segundo
401 Sheldon St

El Segundo, CA 90245

Memorial Park Storage and Use City of Santa Monica
1401 Olympic Boulevard
Santa Monica, CA 90404

Santa Monica Civic 
Auditorium and

Courthouse
Subsurface Infiltration City of Santa Monica

1855 Main Street,
Santa Monica, CA 90401

1.1 PROJECT DESIGN CRITERIA

A conceptual level design was developed for each of the regional EWMP projects that include the 
selection of BMP type, preliminary sizing, configuration, and diversion pipeline alignment. Based on 
discussions with the Group and industry standards, the criteria and assumptions presented provided the 
basis for the conceptual designs. During the actual design and implementation phase of the projects, these 
assumptions should be reevaluated.  
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Figure 1
Regional EWMP Project Locations



MWH Team DRAFT Page 3

Per Los Angeles’ MS4 Permit requirements, all projects were sized to retain and infiltrate the 85th-
percentile, 24-hour storm event for the drainage area tributary to the project (Regional Board, 2012). 
Where feasible, BMPs were configured within the site’s open areas to avoid removal of trees and existing 
facilities. Based on discussions with the Group, the following BMP types were selected:

Surface Infiltration

�x Line B Pump Station

Subsurface Infiltration

�x Santa Monica Civic Auditorium and Courthouse
�x Recreation Park
�x Rustic Canyon Recreation Center

Storage and Irrigation Use

�x Brentwood Country Club
�x Oakwood Recreation Center
�x Riviera Country Club
�x Memorial Park

The surface infiltration facility (Line B Pump Station) is an existing detention basin that will be converted 
by removing the concrete lining at the bottom of the basin to allow infiltration. Based on discussions with 
and recommendations from the Greater Los Angeles County Vector Control District, a 96-hour drawdown 
time was selected for vector control. To eliminate this constraint, a floating cover is recommended to 
allow the use of the full depth available.

Subsurface infiltration facilities were sized to infiltrate the 85th-percentile, 24-hour storm volume. Storage 
facilities were sized to store the 85th-percentile, 24-hour storm volume. For the purposes of cost 
estimating, 60-inch perforated aluminized steel type II corrugated metal pipe (CMP) was selected as the 
system for subsurface infiltration BMPs and storage BMPs. Subsurface infiltration CMP systems are also 
assumed to use backfill with 40% porosity that contributes to the total BMP volume.

Diversion pipelines were selected to pull from nearby, upstream existing storm drains to deliver the 85th-
percentile, 24-hour storm volume to the site by gravity. For the purposes of cost estimating, diversion 
pipelines were assumed to be constructed of reinforced concrete pipe (RCP). The preliminary alignments 
of diversion pipelines were selected to utilize streets and avoid crossing major obstacles (e.g. open 
channels, railways, highways). A diversion structure would be constructed at the point of diversion to 
deliver the 85th-percentile, 24-hour storm volume to the site and allow higher flows to bypass into the 
existing storm drain infrastructure. For the conceptual cost estimate, pretreatment is based on CDS
Hydrodynamic Separation systems (Contech, 2015).

1.2 PROJECT COMPONENTS

The regional EWMP projects consist of surface infiltration basins, subsurface infiltration systems, and 
storage facilities. Each of the projects will include a diversion pipe to deliver water to the site from 
existing storm drains. Additionally, each site will include educational components and low impact 
development (LID) components to provide multi-benefit features to the projects. Major components of the 
conceptual projects are discussed below.
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1.2.1 Surface Infiltration Basins

Surface infiltration basins will consist of retention basins designed to allow for infiltration of stormwater 
into the subsurface. The major construction components of surface infiltration basins include excavation, 
earthwork, inlets/outlets, and energy dissipation (e.g., riprap). Surface infiltration basins are sized to 
provide a 96-hour drawdown time, following vector control recommendations,based on the underlying 
soils potential to infiltrate. Drawdown time governs the maximum depth of the basin and, consequently,
the footprint of the basin. Drawdown time can be increased if additional vector control options are 
considered. An example schematic of an infiltration basin is shown inFigure 2 (LACDPW, 2009).

Figure 2
Conceptual Infiltration Basin Schematic (LACDPW, 20 09)
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1.2.2 Subsurface Infiltration Systems

Subsurface infiltration basins consist of underground storage systems designed to infiltrate stormwater 
into subgrade soils. Subsurface infiltration basins require structures to be placed underneath the site and 
backfilled to the existing site grade. Such structures are available in a variety of sizes and material types, 
including plastic, concrete, and metal. For the purposes of cost estimating, 60-inch CMP was assumed as 
the subsurface infiltration structure material type. Based on discussions with the manufacturer, the 
subsurface infiltration basin can be configured in a variety of shapes to match site requirements. A 
diversion pipe would convey stormwater to CMP headers for distribution through the subsurface 
infiltration basin. Access risers will be provided for operations and maintenance. Design considerations 
include vector control, such as sealed lids to restrict insect access. An example concept of subsurface 
infiltration using CMP is depicted in Figure 3 (Contech, 2015).

Figure 3
Conceptual Subsurface Infiltration System Using CMP  (modified from Contech, 2015)

Plan View

Section View



MWH Team DRAFT Page 6

1.2.3 Storage and Use Facilities

Similar to subsurface infiltration systems, subsurface stormwater storage facilities are consist of 
underground storage systems designed to detain stormwater below the existing site grade. Subsurface 
storage facilities require structures to be placed underneath the site and backfilled to the existing site 
grade. Such structures are available in a variety of sizes and material types, including plastic, concrete, 
and metal. For the purposes of cost estimating, 60-inch CMP was assumed as the subsurface storage
structure material type. Based on discussions with the manufacturer, subsurface storage facilities can be 
configured in a variety of shapes to match site requirements. A diversion pipe would convey stormwater 
to CMP headers for distribution throughout the storage system. Access risers will be provided for 
operations and maintenance. A photograph of a CMP detention system being installed at a real site is 
shown on Figure 4 (Contech, 2015). In addition to CMP storage, a chlorine contact tank and pump 
station is required to disinfect and deliver treated stormwater for irrigation use.

Figure 4
Photograph Storage/Detention System Using CMP (Cont ech, 2015)

1.2.4 Diversion Structure and Piping

To deliver water to the sites, diversion structures and piping will be constructed to connect existing storm 
drains to the BMP. Diversion structures are designed to convey the required water quality flow to the 
BMP and allow excess flows to bypass through the existing storm drain. Diversion structures may be 
constructed in a manhole or subsurface tank and include hydraulic controls (e.g., weirs) and/or 
mechanical controls (e.g., valves and rubber dams). For the purposes of cost estimating, it was assumed 
that diversion pipelines would be constructed of RCP. Adequate hydraulic head is required to deliver 
water to the BMP by gravity. A hydraulic analysis must be conducted to confirm hydraulic limitations of 
the diversion structure and pipeline during the full-scale design phase. An example diversion structure is 
shown in Figure 5 (LACDPW, 2009).



MWH Team DRAFT Page 7

Figure 5
Conceptual Diversion Structure Drawing

1.2.5 Pretreatment Facilities

Pretreatment of storm water runoff is an important component of both surface and subsurface infiltration 
facilities and provides benefits for storage facilities. Removal of sediment, trash, and debris will greatly 
reduce maintenance required for the infiltration facilities and increase the useful life of the BMP. 
Pretreatment can also reduce the maintenance associated with storage facilities. There are a variety of 
technologies available for treating runoff, including hydrodynamic separators, mechanical filters, and 
biofilters. For the purposes of these conceptual designs, a hydrodynamic separator (swirl chamber type 
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system) is chosen to remove sediment and debris in stormwater prior to being conveyed to each regional 
EWMP project. As depicted inFigure 6, continuous deflection separators (CDS) units are pre-cast units 
placed downstream of drain inlets to capture sediment and debris, and can be manufactured in a variety of 
configurations. These underground units create a vortex of water that allows water to escape through the 
screen, while contaminants are deflected into the sump, and later removed. The CDS units are intended to 
screen litter, fine sand, and larger particles that can have other pollutants adsorbed to them. They can act 
as a first screen influence for trash and debris, vegetative material, oil and grease, and heavy metals.  
Multiple units in parallel may be required for high flows.

Figure 6
Example CDS Pretreatment Unit (Contech, 2015)

1.3 PROJECT SIZING AND CONFIGURATION

Calculations were performed to determine the approximate size required to capture the 85th-percentile, 24-
hour storm volume for each of the sites. A layout was developed for each of the projects to site the BMP 
footprint and diversion pipeline on an aerial photograph of the site. 

The 85th-percentile, 24-hour storm volume was determined using the County of Los Angeles Modified 
Rational Method,

�8=
�#× �2× �%�×

12
 ,
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where �8 is the 85th-percentile, 24-hour storm volume in acre-feet, �# is the drainage area in acres, �2 is the 
precipitation depth corresponding to the 85th-percentile, 24-hour storm in inches per hour, and �%�× is the 
developed runoff coefficient,

�%�× = 0.9 × �+�I�L+ �%�è × (1 
F �+�I�L) ,

where �%�× is the developed runoff coefficient, �+�I�Lis the impervious percentage of the drainage area, and 
�%�è is the undeveloped runoff coefficient (assumed to be a constant 0.1).

Infiltration rates for each site were determined using GIS soils data and soil infiltration curves from the 
County of Los Angeles, Department of Public Works Hydrology Manual (LACDPW, 2006 and County of 
Los Angeles, 2014). Additional data will be gathered during geotechnical sampling of the sites.Table 1-2
summarizes the Rational Method inputs for each site.Table 1-3 presents the capture volumes and 
infiltration rates used to size the BMPs for each site.

Sizing of subsurface infiltration basins and subsurface storage facilities was calculated using the Contech 
CMP Detention System – Rectangular DYODSTM tool (Contech, 2015). The sizing of subsurface 
infiltration basins and storage facilities is shown inTable 1-4. Estimated excavation and backfill volumes 
were developed for each site and are summarized in Table 1-5.
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Table 1-2
Rational Method Inputs

Regional EWMP 
Project

Drainage 
Area

(acres)

85th-Percentile, 
24-hour Storm 
Rainfall Depth 1

(inches)

Percent 
Impervious 

Area 2

(%)

Developed 
Runoff 

Coefficient 3

(-)

85th-Percentile, 
24-hour Storm 

Volume
(acre-feet)

Brentwood Country 
Club

173.6 1.07 21.6 0.27 4.2

Oakwood Recreation 
Center

14.5 1.07 63.6 0.61 0.8

Riviera Country Club 4590.6 1.03 14.1 0.21 3.1

Rustic Canyon 
Recreation Center

50.1 0.97 16.1 0.23 0.9

Line B Pump Station 262.2 0.93 78.3 0.73 14.8

Recreation Park 41.5 0.92 73.2 0.69 2.24

Memorial Park 135.9 1.06 83.6 0.77 9.2

Santa Monica Civic 
Auditorium and 
Courthouse

88.0 1.04 61.5 0.59 4.5

1 From LA County Department of Public Works GIS (http://dpw.lacounty.gov/wrd/hydrologygis/).
2 From LA County Department of Public Works as part of the WMMS package 
(http://dpw.lacounty.gov/wmd/wmms/).
3 Assumes undeveloped runoff coefficient of 0.1.
4 Scaled to include the storm volume generated from Recreation Park itself.

Table 1-3
Conceptual Design Inputs

Regional EWMP 
Project

Total 
Size

(acres
)

85th-Percentile, 
24-hour Storm 

Volume
(acre-feet)

Infiltration 
Rate

(inches per 
hour)

Estimated 
Diversion Pipe 

Diameter
(inches) 1

Estimated 
Diversion 

Pipe Length 
(feet)

Brentwood Country Club 129.3 4.2 n/a2 18 190

Oakwood Recreation 
Center

3.6 0.8 n/a2 12 750

Riviera Country Club 158.2 3.1 n/a2 18 1,800

Rustic Canyon 
Recreation Center

8.1 0.9 0.36 12 3,680

Line B Pump Station 2.2 14.8 0.72 n/a3 04

Recreation Park 19.7 2.2 0.72 18 1,240

Memorial Park 10.3 9.2 n/a2 30 1,830

Santa Monica Civic 
Auditorium and 
Courthouse

6.9 4.5 0.63 24 130

1 Sized for peak velocity of 10 feet per second assuming peak flow rate is one-third the 85th-percentile, 24-hour storm 
volume over one hour.
2 Not applicable for storage projects.
3 No diversion pipe necessary, Line B Pump Station Project uses existing storm drain infrastructure.
4 Assumes no additional piping necessary as stormwater in the drainage area is already conveyed to this location.
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Table 1-4
CMP Infiltration/Storage Sizing 1

Regional EWMP 
Project

85th 
Percentile 

Volume 
(cubic feet)

Pipe 
Storage 
(cubic 
feet)

Backfill 
Storage 
(cubic 
feet)

Depth to 
Invert 
(feet)

Number 
of CMP 
Pipes

Total 
Length 
(feet)

Total 
Width 
(feet)

Brentwood Country 
Club

183,912 184,088 03 7 12 781 90

Oakwood Recreation 
Center

34,310 34,400 03 25 11 159 82

Riviera Country Club 
Client Revised

134,248 134,372 03 7 12 570 90

Rustic Canyon 
Recreation Center

40,401 28,323 12,2723 7 10 144 75

Line B Pump Station n/a5

Recreation Park 94,376 66,121 28,8074 7 20 168 150

Memorial Park 401,875 402,742 03 7 52 394 390

Santa Monica Civic 
Auditorium and 
Courthouse

196,739 137,121 59,9164 7 28 249 210

1 Developed using Contech CMP Detention System – Rectangular DYODSTM tool (Contech, 2015). Additional 
information on the tool is available at http://www.conteches.com/products/stormwater-management/detention-and-
infiltration/cmp-detention-and-infiltration.aspx#2004317-technical-info.
2 Depth to CMP invert assumes at minimum two feet of cover; actual depth will change due to diversion pipe slope 
requirements and other site-specific requirements that will be identified in subsequent design phases.
3 No backfill storage for storage BMPs.
4 Assumes backfill media has a porosity of 40%.
5 Not applicable for Line B Pump Station.
Assumptions: (1) 60-inch CMP pipes; (2) 30-inch spacing between CMP pipes per AISI standards; and (3) two feet of 
clearance between site grade and top of CMP system.

Table 1-5
Estimated Excavation and Backfill Volumes of BMP

Regional EWMP Project
Total 

Excavation
(cubic yards)

Structural 
Backfill

(cubic yards)

Backfill to 
Grade 

(cubic yards)

Brentwood Country Club1 19,417 7,421 5,178

Oakwood Recreation Center1 12,314 1,382 9,658

Riviera Country Club Client Revised1 14,171 5,415 3,779

Rustic Canyon Recreation Center1 2,980 1,136 795

Line B Pump Station2 4,343 4,343 0

Recreation Park1 6,977 2,667 1,860

Memorial Park1 42,629 16,345 11,368

Santa Monica Civic Auditorium and 
Courthouse1 18,355 5,548 3,864
1 Developed using Contech CMP Detention System – Rectangular DYODSTM tool (Contech, 2015). Additional 
information on the tool is available at http://www.conteches.com/products/stormwater-management/detention-and-
infiltration/cmp-detention-and-infiltration.aspx#2004317-technical-info.
2 Assumes excavation of 21,000 square foot base at a depth of 5 feet and 8 inches for media backfill (2 inches of pea 
gravel, 5 feet of washed gravel, and 6 inches of sand).
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1.4 CONCEPTUAL DESIGN ILLUSTRATIONS

Project concepts are illustrated in this section. Each Regional EWMP Project is shown with conceptual 
locations of BMPs, diversion piping, and other project elements.

1.4.1 Brentwood Country Club

The conceptual design for the Brentwood Country Club Regional EWMP Project consists of diversion of 
stormwater from a city storm drain adjacent the Brentwood Line BI 0042. Stormwater is conveyed by 
gravity and stored in a 60-inch CMP storage system for later irrigation use.
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1.4.2 Oakwood Recreation Center

The conceptual design for the Oakwood Recreation Center Regional EWMP Project consists of diversion 
of stormwater from surface street runoff or a city storm drain; the storm drains in this area need to be 
verified. Stormwater is conveyed by gravity and stored in a 60-inch CMP storage system for later 
irrigation use.
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1.4.3 Riviera Country Club 

The conceptual design for the Riviera Country Club Regional EWMP Project consists of diversion of 
stormwater from Santa Monica Canyon Channel. Stormwater is conveyed by gravity and stored in a 60-
inch CMP storage system for later irrigation use.
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1.4.4 Rustic Canyon Recreation Center

The conceptual design for the Rustic Canyon Recreation Center Regional EWMP Project consists of 
diversion of stormwater from two city storm drains northeast of the park. The northern diversion point is 
chosen because of the larger drainage area contribution at the location; flow from this point drains south 
and east to the Santa Monica Canyon Channel. It is rerouted along Amalfi Drive and meets the second 
diversion point that will divert flow to Rustic Canyon Recreation Center. Stormwater is conveyed by 
gravity and infiltrated via a 60-inch CMP infiltration system.
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1.4.5 Line B Pump Station

The conceptual design for the Line B Pump Station Regional EWMP Project consists of using the 
existing detention basin at the site and replacing the basin invert’s concrete base with a media fill 
optimized for infiltration. Areas east of the site currently drain to the detention basin, via Line BI 9818-
U2 and others, and no additional diversions are necessary. Stormwater is conveyed by gravity for 
infiltration. A floating cover will be installed to allow the use of the full depth of the existing basin 
without restrictions due to vector control; additionally, the existing pump station can be used to send 
stormwater to the drain along El Segundo Blvd if needed.
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1.4.6 Recreation Park

The conceptual design for the Recreation Park Regional EWMP Project consists of diversion of 
stormwater from two city storm drains northeast of the park. Stormwater is conveyed by gravity and 
infiltrated via a 60-inch CMP infiltration system.
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1.4.7 Memorial Park

The conceptual design for the Memorial Park Regional EWMP Project consists of diversion of 
stormwater from BI 7403-U1 Line J and a city storm drain. Stormwater is conveyed by gravity and stored 
in a 60-inch CMP storage system for later irrigation use.
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1.4.8 Santa Monica Civic Auditorium and Courthouse

The conceptual design for the Recreation Park Regional EWMP Project consists of diversion of 
stormwater from BI 0249-U2 Line B (along Pico Blvd.). Stormwater is conveyed by gravity and 
infiltrated via a 60-inch CMP infiltration system.
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1.5 COST ESTIMATES

The order-of-magnitude estimates presented are consistent with Class 5 estimates per Association for the 
Advancement of Cost Engineering International (AACEI) guidelines (AACEI, 2011). Engineering, 
design, permitting, and support services are based on percentage of the order-of-magnitude construction 
cost estimate. The AACEI describes a Class 5 cost estimate as follows:

Class 5 estimates are generally prepared based on very limited information, and 
subsequently have wide accuracy ranges. Typically, engineering is from 2% to 10% 
complete. They are often prepared for strategic planning purposes market studies 
assessment of viability project location studies and long range capital planning. Virtually 
all Class 5 estimates use stochastic estimating methods such as cost curves capacity 
factors and other parametric techniques. Expected accuracy ranges are from –20% to –
50% on the low side and +30% to 100% on the high side, depending on technological 
complexity of the project, appropriate reference information, and the inclusion of an 
appropriate contingency determination. Ranges could exceed those shown in unusual 
circumstances. As little as 1 hour or less to perhaps more than 200 hours may be spent 
preparing the estimate based on the project and estimating methodology

1.5.1 Basis of Cost

Based on the conceptual sizing and layout presented in previous sections, order-of-magnitude cost 
estimates were developed for each project using the unit costs of similar stormwater BMPs described in 
the Multi-Pollutant TMDL Implementation Plan for the Unincorporated County Area of Los Angeles 
River Watershed(LACDPW, 2010). Unit costs were verified and modified based on recent construction 
experience for similar projects. Unit costs from the report were escalated from the report’s 2009 estimates 
to 2015 values using the Engineering News-Record (ENR) Building and Construction Cost Index (ENR, 
2015).Table 1-6presents the unit costs for the major construction components of the conceptual designs. 

Table 1-6
Conceptual Design Major Components Unit Costs

Construction Component Unit Cost

Mobilization1 10% of construction total

Site Preparation1 $6,000 per acre

Excavation and Removal $30.00 per cubic yard

Asphalt/Base Removal $9.60 per cubic yard

Reinforced Concrete Pipe1 $16.00 per diameter (inch) per length (foot)

Gravel Sub-base $115.00 per cubic yard 

Backfill Material1 $20.00 per cubic yard

Landscaping1 $5.00  per square foot

60-inch Corrugated Metal Pipe2 $150,000 per acre-foot

Media $36.00 per cubic yard

Planning/Project Management1 20% of total construction costs

Design and Permitting (Centralized)1 15% of total construction costs

Contingency for Planning Estimate (Centralized) 25% of total construction costs
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Notes:

1 Unit costs have been modified from TMDL Implementation Plan based on recent construction experience for similar 
projects.
2 Material costs for the 60-inch CMP used in subsurface infiltration basins were provided by Contech Engineering 
Solutions. Costs include CDS pretreatment.

1.5.2 Assumptions for Cost Estimates

Several assumptions were made to develop the order-of-magnitude cost estimates. As planning-level 
estimates, the costs presented are based on the conceptual understanding of the projects to date and are 
subject to change pending the development and design of the projects. Several assumptions were included 
in the Multi-Pollutant TMDL Implementation Plan for the Unincorporated County Area of Los Angeles 
River Watershed(LACDPW, 2010). The assumptions used in the development of the referenced report 
apply to the cost estimates developed in this TM. These assumptions have been modified based on the 
specific aspects of the regional EWMP projects and are presented below for reference.

1.5.2.1 Planning/Project Management

Additional administrative costs will be required to administer, manage, and coordinate the project’s 
implementation and are included with the planning costs. Administrative costs can vary widely with the 
complexity of the project, but for purposes of comparison, a value of 20 percent of the capital costs is
assumed for planning.

1.5.2.2 Design/Permitting

Meeting regulatory requirements and obtaining environmental permits will be required for construction 
implementation. The applicability of many regulations for a specific project depends on its site or design 
characteristics. 

Designing structural BMPs requires collecting data, analyzing it, and preparing documents that can be 
used for constructing a project. Data collection will include geotechnical investigations, field 
investigation of existing utilities (potholing), and a topographic survey for mapping. The design 
deliverables are project plans and specifications that can be bid by a contractor for construction. 
Engineering costs can vary widely depending on the complexity of the project. For the purposes of the 
cost estimates, a fixed rate of 15 percent was applied to the centralized BMP construction costs to 
estimate the design /permitting cost. 

1.5.2.3 Construction

Construction costs are based on the BMPs major components. Assumptions used in estimating costs are 
provided below. 

�x Mobilization: Mobilization costs are highly variable depending on the magnitude of the project. A 
mobilization factor of 10 percent was included.

�x Site Preparation: Site preparation includes various tasks associated with preparing site for 
construction, such as security and setback controls, removal and storage or existing items, and 
preparation of construction staging areas.  

�x Excavation and removal: Excavation and removal costs include the cost of excavating the volume 
of soil required to provide the required storage, hauling the removed dirt off-site, and disposal at 
an appropriate facility. The estimate is based on previous concept-level Los Angeles Department 
of Public Works and North Carolina State University estimates (LACDPW, 2010).

�x Asphalt/Base Removal: Costs are included for areas that can be implemented as a retrofit. The 
estimate is based on data from R.S. Means (LACDPW, 2010).
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�x Reinforced Concrete Pipe: Costs were derived from RSMeansand are included to estimate the 
costs for constructing a storm drain extension of or to bypass an existing storm drain system.

�x Gravel Sub-base: A gravel sub-base consisting of a washed No. 57 stone typically used as a base 
for roads and any construction. The estimate is based on quotes from vendors for No. 57 stone 
and R.S. Means (LACDPW, 2010).

�x Landscaping: One of the benefits of distributed BMPs is that they can be integrated into the site 
plan and often incorporated into the landscaping. Landscaping costs were estimated using data 
from North Carolina State University (LACDPW, 2010). 

�x Contingency: Because some of the project components have not been fully defined at this 
preliminary stage, a contingency factor of 25 percent has been applied to the construction costs to 
estimate the total construction costs and capture expected but as yet unidentified additional costs. 
The costs could arise from site-specific field conditions such as those associated with utility 
relocations, dewatering, and erosion and sedimentation control. At this stage of project 
development, the contingency also includes an allowance for such items as field facilities and 
construction scheduling, which might be required but are not specifically itemized.   

1.5.3 Cost Estimates for Regional EWMP Projects

The total project costs for the regional EWMP projects are summarized inTABLE 1-7. It is important to 
note that these costs only consist of the initial capital costs to construct the projects as well as operation 
and maintenance costs for an assumed 20 year life.

Table 1-7
Summary of Regional EWMP Project Cost Estimates

Regional EWMP Project Total Project Cost

Brentwood Country Club $6,244,768

Oakwood Recreation Center $1,165,003

Riviera Country Club $4,558,417

Rustic Canyon Recreation Center $1,371,824

Line B Pump Station $21,833,225

Recreation Park $3,204,556

Memorial Park $13,645,744

Santa Monica Civic Auditorium and Courthouse $6,680,311

Total Cost of Regional EWMP Projects $58,703,847
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1. INTRODUCTION

In accordance with your authorization and our proposal dated February 9, 2015, we have per-

formed a geotechnical evaluation for four proposed storm water infiltration sites in the 

southwestern portion of Los Angeles County, California. Specifically, the evaluated sites are lo-

cated in the communities of Brentwood, Santa Monica, and El Segundo (Figure 1). This report 

presents a compilation of background geotechnical data and subsurface geotechnical data ob-

tained from the sites.  

2. SCOPE OF SERVICES 

Ninyo & Moore’s scope of services for this project included review of pertinent background da-

ta, performance of a geologic reconnaissance, and subsurface exploration with regard to the 

proposed project. Specifically, we performed the following tasks: 

�x Review of readily available background materials, including State of California Seismic 
Hazards Zones maps, State of California Earthquake Fault Zone maps (Alquist-Priolo Spe-
cial Studies Zones maps), other published geologic maps and literature, in-house 
information, stereoscopic aerial photographs, and plans provided by the client. 

�x Performance of a site reconnaissance to observe the existing conditions at the site and to 
mark the proposed boring locations for utility clearance. Mark-out of potential existing un-
derground utilities was conducted through Underground Service Alert (USA). 

�x Performing a subsurface exploration consisting of advancing and logging one cone pene-
trometer test (CPT) sounding at each of the four sites being considered for construction of 
storm water infiltration facilities. The CPTs were advanced to depths up to 30 feet using a 
truck-mounted rig. 

�x Compiling the data obtained from our background research and subsurface exploration. 

�x Preparing this report that presents geotechnical data obtained from our background review, 
site reconnaissance, and subsurface exploration at each of the project sites, along with pre-
liminary evaluation of potential geotechnical factors that could affect the conceptual design 
of the project.
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3. PROJECT AND SITE DESCRIPTIONS 

The purpose of our evaluation is to assist MWH Americas (MWH) and the City of Los Angeles 

Bureau of Sanitation (LA BOS) in developing an Enhanced Watershed Management Program 

(EWMP) for the southwestern portion of Los Angeles, California. Our services are intended to 

help support feasibility analyses being conducted by MWH and LA BOS for Better Management 

Practices (BMPs) at specific locations as part of the EWMP. We understand that the BMPs will help 

to reduce the impact of storm water and non-storm water discharges on the area.  

The project is planned at four separate sites located within the southwestern portion of Los Angeles 

County, California (Figures 1 and 2). One site is situated in the Brentwood area, two sites are located 

in Santa Monica, and one site is located in El Segundo. The name, location (including latitude and 

longitude), and approximate elevation of each of the four sites are presented below in Table 1. 

Table 1 – Site Name and Location 

Site Name Address 
Approximate

Elevation (above 
MSL)

Approximate 
Latitude 

Approximate
Longitude

Brentwood  
Country Club 

590 S. Burlingame Avenue 
Los Angeles, California 90049 345 feet 34.049254º N 118.485852º W 

Rustic Canyon 
Recreation Center 

601 Latimer Road 
Santa Monica, California, 90402 155 feet 34.038803º N 118.515019º W 

Santa Monica  
Civic Center  

4th Street and Pico Boulevard 
Santa Monica, California 90401 65 feet 34.009665º N 118.487675º W 

Recreation Park 401 Sheldon Street 
El Segundo, California 90245 85 feet 33.921421º N 118.411928º W 

Note:
MSL – Mean Sea Level 

The site located at the Santa Monica Civic Center consists of an AC paved parking lot with 

planters landscaped with trees and shrubs. The other project sites are located in park areas devel-

oped with grass fields, paved and unpaved walking areas, restroom and/or recreation center 

buildings, asphalt concrete (AC) paved parking lots, and other associated appurtenances. 
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4. FIELD EXPLORATION  

Our geotechnical field exploration of the proposed storm water infiltration facility sites includ-

ed a geologic reconnaissance and subsurface exploration conducted on April 13 and April 20, 

2015. The subsurface exploration consisted of the performance of four CPT soundings (CPT-1 

through CPT-4) to depths of up to approximately 30 feet below existing grades. One CPT 

sounding was performed at each site. The CPT soundings were performed using a truck-

mounted CPT rig. The CPTs were backfilled with dry concrete materials. The locations for 

each CPT were designated by MWH, and are presented on Figures 3 through 6. Logs of the 

CPT soundings are presented in Appendix A. 

5. GEOLOGY AND SUBSURFACE CONDITIONS 

Our findings regarding regional and site geology, and groundwater conditions at the four project 

sites are provided in the following sections. 

5.1. Regional and Geologic Setting 

The subject sites are located within the western portion of the Los Angeles Basin, which is in-

cluded in the Transverse Ranges Geomorphic Province. This geomorphic province 

encompasses an area that extends approximately 320 miles from the Pacific Ocean at Point 

Arguello, west of Santa Barbara, to the Joshua Tree National Monument east of Palm Springs. 

The province is up to 60 miles wide along the Los Angeles-Ventura County line and narrows 

to about 40 miles at its western end. The Los Angeles Basin has been divided into four struc-

tural blocks which are generally bounded by prominent fault systems: the Northwestern Block, 

the Southwestern Block, the Central Block, and the Northeastern Block (Norris and Webb, 

1990). The project sites are located in the Southwestern Block, which is generally bounded the 

Newport-Inglewood fault along the east and the Pacific Coastline along the west. The South-

western Block is underlain by up to approximately 20,500 feet of Miocene-age or younger 

marine deposits over basement rock consisting of the Catalina Schist.  
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5.2. Site Geology 

Our review of the referenced geologic maps and literature indicates that the subject sites are 

underlain by Holocene to Pleistocene alluvial and terrace deposits (Campbell et al., 2014; 

Jennings, 2010b; Saucedo et al., 2003). As described in the literature, these deposits consist 

of unconsolidated to moderately indurated gravel, sand, silt, and clay. Geologic units en-

countered during our reconnaissance and subsurface exploration of the project sites included 

fill soils and alluvium. Generalized descriptions of the soils encountered are provided Ta-

ble 2. Logs of the CPT soundings are presented in Appendix A. A geologic map of the region 

is presented on Figure 7. 

Table 2 – Subsurface Conditions 

Site Name CPT Number Depth Explored 
(feet) Encountered soils Groundwater

Depth

Brentwood  
Country Club CPT-1 30.5 feet 

Interbedded very stiff fine 
grained, silty clay to clay, 

and sand to silty sand 
Not encountered 

Rustic Canyon  
Recreation 

Center 
CPT-2 11.2 feet 

(refusal)

Interbedded clayey silt to 
silty clay, sand to silty 

sand, and sand 
Not encountered 

Santa Monica  
Civic Center CPT-3 16.4 feet 

(refusal)

Interbedded clay, silty 
clay to clay, clayey silt to 

silty clay, sand to silty 
sand, and sand  

Not encountered 

Recreation  
Park CPT-4 24.1 feet 

(refusal)
Interbedded sand to silty 

sand and sand Not encountered 

5.3. Groundwater 

Groundwater was not encountered in our CPT soundings. According to our review of readily 

available groundwater data (Geotracker, 2015), groundwater has been measured at a depth 

of approximately 44.5 feet in the vicinity of the Santa Monica Civic Center site. Recent 

groundwater data was not available at the other three sites. We have also reviewed records of 

historical data (CGS, 1997b; CGS, 1998a; CGS, 1998b). Based on our review, the historic 

high groundwater depth is approximately 10 feet at the Rustic Canyon Recreation Center 

site, approximately 30 feet at the Santa Monica Civic Center site, and approximately 40 feet 

at the Brentwood County Club and Recreation Park sites. Fluctuations in the groundwater 
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level and perched conditions typically occur due to variations in precipitation, ground sur-

face topography, subsurface stratification, irrigation, and other factors. 

6. FAULTING AND SEISMICITY 

Based on our review of published geologic maps, no active fault traces are mapped underly-

ing the project sites. The project sites are not located within a State of California Earthquake 

Fault Zone (Alquist-Priolo Special Studies Zone, Hart and Bryant, 1997). However, the pro-

ject sites are located in a seismically active area, as is the majority of southern California, 

and the potential for strong ground motion in the project area is considered significant during 

the design life of the proposed improvements. The approximate locations of major faults in 

the region and their geographic relationships to the sites are shown on Figure 8. Table 3 lists 

the nearest principal known active fault to each project site, the maximum magnitude Mmax,

and the fault types as published for the CGS by Cao et al. (2003). The approximate fault to site 

distance was calculated from the USGS National Seismic Hazard Maps - Fault Parameters web-

site (USGS, 2008) 

Table 3 – Principal Active Faults 

Site 
Name 

Nearest Active 
Fault Distance (miles) 1,2 Moment Magnitude/

Fault Type 2

Brentwood County Club Santa Monica 0.7 6.6/B 
Rustic Canyon Recreation Center Santa Monica 0.3 6.6/B 
Santa Monica Civic Center Santa Monica 1.5 6.6/B 
Recreation Park Palos Verdes 4.1 7.3/B 
Notes:
 1 USGS (2008) 
2 Cao, et al. (2003) 

In general, hazards associated with seismic activity include ground surface rupture and liquefac-

tion. These hazards are discussed in the following sections. 
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6.1. Surface Fault Rupture 

The probability of damage due to surface ground rupture is relatively low due to the lack of 

known active faults crossing the project sites. Surface ground cracking related to shaking 

from distant events is not considered a significant hazard, although it is a possibility. 

6.2. Liquefaction

Liquefaction is the phenomenon in which loosely deposited, granular soils and some fine-

grained soils located below the water table undergo rapid loss of shear strength when sub-

jected to strong earthquake-induced ground shaking. Ground shaking of sufficient duration 

can result in a loss of grain-to-grain contact due to a rapid rise in pore water pressure caus-

ing the soil to behave as a fluid for a short period. Liquefaction is known generally to occur 

in saturated or near-saturated cohesionless soils at depths shallower than 50 feet below the 

ground surface. Factors known to influence liquefaction potential include composition and 

thickness of soil layers, grain size, relative density, groundwater level, degree of saturation, 

and both intensity and duration of ground shaking. 

According to the Seismic Hazard Zones Map for the Topanga, Beverly Hills, and Venice 

Quadrangles, (CGS, 1997a; CGS1999a; CGS 1999b), the four project sites are not mapped 

as being in areas susceptible to liquefaction. No groundwater was encountered in the CPTs 

performed at the project sites. Based on this data, we consider the potential for seismic-

induced liquefaction to be low at the four project sites.

7. FINDINGS & CONCLUSIONS 

As discussed above, our geotechnical services were performed to help MWH and LA BOS eval-

uate the preliminary feasibility of onsite storm water infiltration systems at each of the 4 sites 

explored. Based on our communications with MWH, we understand that the preliminary criteria 

at each site is related to the presence of groundwater or dense materials providing to refusal to 

CPT equipment within 30 feet of the ground surface. As such, our scope of services included the 

performance of cone penetration soundings to a depth of 30 feet or refusal. We understand that 
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storm water infiltration facilities being considered for each site are conceptual at this time. Based 

on the information obtained from our geotechnical evaluation, the following findings and con-

clusions have been made: 

�x The project sites are underlain by fill and alluvial soils. The encountered soils consisted of 
observed to consist of soils that ranged in size from clay to sand. 

�x Groundwater was not encountered in our CPT soundings. According to our review of readily 
available groundwater data (Geotracker, 2015), groundwater has been measured at a depth of 
approximately 44.5 feet in the vicinity of the Santa Monica Civic Center site. Based on our re-
view of historical records, the historic high groundwater depth is approximately 10 feet at the 
Rustic Canyon Recreation Center site, approximately 30 feet at the Santa Monica Civic Center 
site, and approximately 40 feet at the Brentwood County Club and Recreation Park sites. 

�x With the exception of our CPT performed at the Brentwood Country Club, the CPTs met re-
fusal at depths of less than 30 feet. CPT sounding refusal generally occurs where consolidated 
layers, cobbles, or debris inhibit deeper penetration of the CPT equipment. 

�x Based on our review of published geologic maps, there are no known active faults or land-
slides underlying the project sites. Review of geological literature indicates that the four 
project sites are not located in areas that have been mapped as being susceptible to liquefac-
tion. We consider the potential for seismic-induced liquefaction to be low.  

�x In-place infiltration testing was not performed as part of our geotechnical services. However, 
based on published correlations between CPT data of soil and permeability (Robertson and 
Cabal, 2014), we estimate permeability values at the four project sites to range from approx-
imately 10-1 to 10-6 cm/sec. The approximate permeability values estimated at each project 
site based on the CPT data are presented in Table 4 below. The estimated values can be uti-
lized for preliminary evaluation purposes. Actual design of storm water infiltration devices 
should be in accordance with the County of Los Angeles guidelines (2014) and should be 
based on field infiltration testing at each site. 

Table 4 – Estimated Permeability 

Site Name CPT
Number 

Depth Explored 
(feet) Estimated Permeability* (cm/sec) 

Brentwood  
Country Club CPT-1 30.5 feet 1x10-2 (sand) – 1x10-6 (sand and silt mixture) 

Rustic Canyon  
Recreation Center CPT-2 11.2 feet 

(refusal) 1x10-1 (sand) – 1x10-5 (sand mixture) 

Santa Monica  
Civic Center  CPT-3 16.4 feet 

(refusal) 1x10-2 (sand) – 1x10-5 (sand and silt mixture) 

Recreation  
Park CPT-4 24.1 feet 

(refusal) 1x10-2 (sand) – 1x10-4 (sand mixture) 

Note:
*Derived from Robertson and Cabal (2014) 
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8. PRELIMINARY RECOMMENDATIONS 

As noted above we understand that the Better Management Practices (BMPs) associated with the 

proposed City of Los Angeles Bureau of Sanitation EWMP Project are conceptual at this time. 

As such, details regarding the types and construction of the BMPs (if any) are not known at this 

time for any of the sites. We recommend that the geotechnical information presented herein be 

utilized during the evaluation of the feasibility of the devices associated with the EWMP project 

at each site. The design of BMPs should be performed in accordance with County of Los Ange-

les (2014) guidelines.

Once the type and general construction of the devices is better defined, Ninyo & Moore should re-

view the devices’ preliminary design. At that time, supplemental recommendations may be provided.  

9. LIMITATIONS 

The field evaluation, laboratory testing, and geotechnical analyses presented in this geotechnical 

report have been conducted in general accordance with current practice and the standard of care 

exercised by geotechnical consultants performing similar tasks in the project area. No warranty, 

expressed or implied, is made regarding the preliminary conclusions, recommendations, and 

opinions presented in this report. There is no evaluation detailed enough to reveal every subsur-

face condition. Variations may exist and conditions not observed or described in this report may 

be encountered during construction. Uncertainties relative to subsurface conditions can be re-

duced through additional subsurface exploration. Additional subsurface evaluation will be 

performed upon request. Please also note that our evaluation was limited to assessment of the 

geotechnical aspects of the project, and did not include evaluation of structural issues, environ-

mental concerns, or the presence of hazardous materials.

This document is intended to be used only in its entirety. No portion of the document, by itself, is 

designed to completely represent any aspect of the project described herein. Ninyo & Moore 

should be contacted if the reader requires additional information or has questions regarding the 

content, interpretations presented, or completeness of this document. 
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This report is intended for feasibility and preliminary design purposes only. It does not provide suf-

ficient data to prepare an accurate bid by contractors. It is suggested that the bidders and their 

geotechnical consultant perform an independent evaluation of the subsurface conditions in the pro-

ject areas. The independent evaluations may include, but not be limited to, review of other ge-

geotechnical reports prepared for the adjacent areas, site reconnaissance, and additional exploration 

and laboratory testing. 

Our preliminary conclusions, recommendations, and opinions are based on an analysis of the ob-

served site conditions. If geotechnical conditions different from those described in this report are 

encountered, our office should be notified, and additional recommendations, if warranted, will be 

provided upon request. It should be understood that the conditions of a site could change with time 

as a result of natural processes or the activities of man at the subject site or nearby sites. In addi-

tion, changes to the applicable laws, regulations, codes, and standards of practice may occur due to 

government action or the broadening of knowledge. The findings of this report may, therefore, be 

invalidated over time, in part or in whole, by changes over which Ninyo & Moore has no controls.

This report is intended exclusively for use by the client. Any use or reuse of the findings, conclu-

sions, and/or recommendations of this report by parties other than the client is undertaken at said 

parties’ sole risk. 
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APPENDIX A 

CPT DATA 

Field Procedure for Cone Penetration Testing 
The cone penetration testing (CPT) described in this report was conducted in general accordance 
with ASPT D 5778. The cone penetrometer assembly used for this project consisted of a conical tip 
and a cylindrical friction sleeve. The conical tip had an apex angle of 60 degrees and a diameter of 
approximately 1.4 inches resulting in a projected cross-sectional area of approximately 1.5 square 
inches. The cylindrical friction sleeve was approximately 5.25 inched long and had an outside diame-
ter of approximately 1.4 inches, resulting in a surface area of approximately 23 square inches. The 
interior of the CPT probe was instrumented with strain gauges that allowed simultaneous measure-
ment of cone tip and friction sleeve resistance during penetration. The cone was hydraulically pushed 
into the soil using the reaction mass of a specially designed 23-ton truck at a constant rate of approx-
imately 4 feet per minute while the cone tip resistance and sleeve friction resistance were recorded at 
an approximately 2-inch interval and stored in digital form. The computer generated logs presented 
in the following pages include cone resistance, friction resistance, friction ratio, equivalent SPT blow 
counts, and interpreted soil types. The soil type interpretations were based on the method proposed 
by Robertson and Campanella (1989). 
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APPENDIX D

FIELD INVESTIGATION / 
ENVIRONMENTAL CHECKLIST
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