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PR-1: Peer Review Component Descriptions 

0. INTRODUCTION

This Peer Review package is intended to provide descriptions and back-up references associated 
with each model component identified for review in the Peer Review for SF Bay PCBs and 
Mercury Reasonable Assurance Analyses (RAAs) for Green (Stormwater) Infrastructure 
Instructions/Guidance to Peer Reviewers (Peer Review Instructions) and 
“FINAL_RAA_PeerReviewMatrix_Template_8_1_19.xlsx” (Peer Review Matrix), provided by 
BASMAA (2019).  The descriptions herein are repeated or expanded from those included in the 
Peer Review Matrix, which includes fields that are requested to be populated by the peer reviewer. 
The descriptions provide summary information regarding the model inputs and/or reference other 
reports and documentation attached to this Peer Review Package that provide more extensive 
detail.  

The Alameda Countywide Clean Water Program Quantitative Relationship Between Green 
Infrastructure Implementation and PCBs/Mercury Load Reductions Report (ACCWP, 2018) [PR-
2] and the Contra Costa Clean Water Program Quantitative Relationship Between Green
Infrastructure Implementation and PCBs/Mercury Load Reductions Report (CCCWP, 2018) [PR-
3] (i.e., GI Quantitative Relationship Reports) are frequently referenced throughout this Peer
Review package.  Note that both GI Quantitative Relationship Reports are very similar, as the
same RAA modeling methodology was used for both Counties; often reading one of the two
reports will provide the referenced information.

1. BASELINE CONDITION MODELING

1.A Model Selection
Refer to Section 2.1 and 2.2 of the GI Quantitative Relationship Reports [PR-2; PR-3] for an 
overview of the model selected for the CCCWP and ACCWP RAA baseline condition models.  

Rationale: The approach used for modeling hydrology is to use a hydrologic response unit (HRU) 
approach. An HRU is a unique combination of land surface features (imperviousness, underlying 
soil characteristics, slope, etc.) which is expected to give a consistent runoff response to rainfall, 
no matter where that unique combination is found. The HRU approach involves modeling 
thousands of combinations of land surface features present within the area of analysis, for a generic 
unit area drainage catchment, and then storing these results in a database. These HRU results can 
been be scaled geospatially across the entire area of analysis without developing a detailed 
hydrologic model and this method is appropriate for estimating average annual runoff and pollutant 
loading. This method is consistent with the Bay Area RAA Guidance Document (BASMAA, 2017). 

Spatial/Temporal Resolution: Generic HRUs, characterized by varying the values of specific 
identified parameters within a defined range, are modeled using USEPA’s Stormwater 
Management Model (SWMM). Continuous simulation HRU models are run on an hourly timestep 
for the identified baseline period of record (water year [WY] 2000 – 2009).  An average annual 
runoff volume per acre is obtained for each HRU. The average annual runoff volume per acre 
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associated with a specific HRU can then be multiplied by the area represented by that HRU within 
the entire area for analysis. The resulting volumes associated with each represented HRU within 
the area of analysis can then be added together to estimate the total average annual runoff volume. 

Alignment with Information/Needs/Data Available: The HRU approach is consistent with the Bay 
Area RAA Guidance Document and the precision of the methods used to develop the TMDLs.  As 
the TMDL WLA and MRP requirements are in terms of annual load reduction, event-specific 
modeling results are not needed.  Additionally, long-term continuous simulation modeling allows 
for effects such as those relating to antecedent conditions (e.g., soil saturation resulting from back-
to-back storms) to be incorporated into the results. Finally, detailed storm drain information is not 
currently available for all areas within the area of analysis, so it is not possible to develop a detailed 
routing model at this time.  

A flow chart representing the Baseline Loading Model is provided: 

Figure 1-1: Baseline Condition Model Flow Chart 

1.B Geographic Area of Analysis
The geographic area of analysis includes the entire area within Contra Costa and Alameda 
Counties, as shown in Exhibits 1 through 6 of the GI Quantitative Relationship Reports [PR-2; 
PR-3]. Note that the Counties are not labeled in PR-2 and PR-3; Contra Costa County is north of 
Alameda County. While the entire area is modeled, baseline results are ultimately subdivided 
based on regulatory (i.e., MRP covered areas vs. Phase II and Industrial General Permit covered 
areas) and jurisdictional boundaries. Modeled areas and jurisdictional boundaries are shown in 
Figure PR-1A and Figure PR-1B for Alameda and Contra Costa Counties, respectively.    

1.C Period of Time
Baseline period of record is WY 2000 – 2009 (i.e., October 1, 1999 through September 30, 2009), 
as documented in the GI Quantitative Relationship Reports [PR-2; PR-3], see section 3.1.1. As 
included in the RAA Guidance Document (BASMAA, 2017), “For the purposes of RAA analyses, 
the baseline period for both PCBs and mercury analyses is recommended to be water years 2000 
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– 2009 (for long-term continuous simulation), or water year 2002 (for representative year
simulation). These baseline period options are generally representative of the period during which
much of the data were collected for mercury and PCBs.” Also see additional detail in item 1.I
“Meteorology”.

1.D Flows and Pollutant Load Simulation
Section 2.2 of the GI Quantitative Relationship Reports [PR-2; PR-3] describes flow and pollutant 
load simulation. Refer to Section 2.2.2. of the GI Quantitative Relationship Reports [PR-2; PR-3] 
specifically for information regarding the water quality model.  

1.E Rainfall/Runoff Processes
Rainfall/runoff processes are modeled using USEPA SWMM Version 5.1.  A summary of the 
computational methods employed within SWMM to simulate runoff is provided in Section 3.4 of 
the USEPA SWMM Manual (USEPA, 2015) [PR-4].  

1.F Pollutant Loading Variability
Land use variability is accounted for using SFEI’s Regional Watershed Spreadsheet Model 
(RWSM) output, as described in the “Regional Watershed Spreadsheet Model Version 1.0 Results 
Summary” memo (Geosyntec, 2019a), provided by BASMAA.  The results were developed using 
Wu et al (2017). Also refer to Section 2.2.2. of the GI Quantitative Relationship Reports [PR-2; 
PR-3] specifically for information regarding the water quality model. 

1.G Watershed Characteristics
See Section 3.1.1 and Table 3 of the GI Quantitative Relationship Reports [PR-2; PR-3] for the 
watershed characteristics that were varied and the ranges of inputs; also see Table 1.H-1 below, 
which summarizes SWMM parameter input values.  

1.H Watershed Hydrology Parameterization
The output of each uniquely parameterized HRU is matched to those geospatial areas with the 
unique combination of parameter values, as identified with geospatial data. The geospatial data 
used to develop the ranges of parameters and match geospatial area to the unique HRUs are shown 
in Exhibits 1 through 6 of the GI Quantitative Relationship Reports [PR-2; PR-3]. Geospatial data 
sources associated with each parameter are provided within the text of Section 3.1.1 of the reports 
(also refer to footnotes). Table 1.H-1 below provides SWMM input values not summarized in 
Table 3 of the GI Quantitative Relationship Reports [PR-2; PR-3]. 
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Table 1.H-1: SWMM Parameter Input Values 

Parameter Description & Source1 Unit Value 

Infiltration Model 

Controls how infiltration of 
rainfall into the upper soil 
zone of subcatchments is 
modeled in SWMM. 

-- Green Ampt, see parameters in 
Table 1.H-2 

Routing Method 
Determines the method used 
to route flows through the 
system in SWMM.  

-- Kinematic Wave 

Reporting Time Step Model time step input. Minutes 5 

Dry Weather Time Step Model time step input. Minutes 240 

Wet Weather Time Step Model time step input. Minutes 5 

Routing Time Step Model time step input. Seconds 30 

Flow Path Length 

Overland flow path length 
assumed for sheet flow runoff. 
Selected default inputs 
represent typical overland 
sheet flow path lengths for 
undeveloped/open space areas 
and developed/urban areas, 
respectively. 

Feet 

500 (Existing non-developed 
condition; development footprint) 

250 (Proposed developed condition; 
development footprint) 

N-Imperv Manning’s roughness for 
impervious or pervious 
surfaces.

-- 0.012 (corresponds to smooth 
concrete) 

N-Perv -- 0.25 (corresponds to dense grass) 

Dstore-Imperv 
Depth of depression storage 
(i.e., the maximum surface 
storage provided by ponding, 
surface wetting, and 
interception) for impervious 
and pervious surfaces.  

Inches 0.1, 0.075, and 0.05 for slopes of 
3%, 7.5%, and 15%, respectively 

Dstore-Perv Inches 0.2, 0.15, and 0.1 for slopes of 3%, 
7.5%, and 15%, respectively 

%Zero-Imperv Percent of the impervious area 
with no depression storage. % 25 

Groundwater -- - Not simulated 

Snowmelt -- - Not simulated 
1 Source of description and selected model input values obtained from USEPA, 2015 unless 
otherwise indicated.  

Soil parameter model input values are provided in Table 1.H-2. 
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Table 1.H-2: Green-Ampt Soil Parameters 

Hydrologic Soil 
Group 

Prevalent Soil Texture 
Class 

Saturated Soil Conductivity 
(in/hr) Suction 

Head1 
(in) 

IMD1 
(in/in) 

Existing 
Condition1 

Developed 
Condition2 

A Sand, Loamy Sand 2.5 1.88 2.61 0.34 

B Sandy Loam 0.3 0.23 6.02 0.22 

C Loam 0.15 0.11 10.4 0.13 

D Clay 0.1 0.08 7.4 0.17 
1 HSG A and B estimated based on texture class from Rawls, et al., (1983); HSG C and D estimated through calibration, see the 
“Alameda Countywide Clean Water Program and Contra Costa Clean Water Program Reasonable Assurance Analysis Model 
Calibration and Validation” Memo [PR-5]. 
2 Determined based on an assumption of 25% reduction of conductivity due to compaction.  

The varied input characteristics resulted in a total of 586 unique pervious HRU models, which are 
defined by the combinations of rainfall zone, ET zone, HSG, and slope. Additionally, a total of 74 
impervious HRU types were modeled, defined by the combinations of rainfall zone, ET zone, and 
slope. The top 15 most dominant pervious HRU’s account for about 50% of the study area. The 
two most dominant pervious HRU types represent 14% of the total study area, and are both <1% 
developed (developed includes urbanized and agricultural areas).  

1.I Meteorology
Rainfall files used for hydrologic model are documented in Table 1 and Evaporation data inputs 
are documented in Table 2 of the GI Quantitative Relationship Reports [PR-2; PR-3].   

1.J Drainage System Representation
Storm drain system routing was not modeled, as an HRU approach was used, as described above.  
However, large-scale drainage routing was accounted for when conducting model calibration and 
validation. Model calibration and validation is further described in the “Alameda Countywide 
Clean Water Program and Contra Costa Clean Water Program Reasonable Assurance Analysis 
Model Calibration and Validation Memo” (Geosyntec, 2019b) [PR-5].  

1.K Model Calibration
Refer to the “Alameda Countywide Clean Water Program and Contra Costa Clean Water Program 
Reasonable Assurance Analysis Model Calibration and Validation Memo” (Geosyntec, 2019b) 
[PR-5]. 

1.L Model Validation
Refer to the “Alameda Countywide Clean Water Program and Contra Costa Clean Water Program 
Reasonable Assurance Analysis Model Calibration and Validation Memo” (Geosyntec, 2019b) 
[PR-5]. 
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2. GREEN INFRASTRUCTURE LOAD REDUCTION MODELING

A flow chart showing the development and components of the future condition model is provided. 

Figure 2-1: Future Condition Model Flow Chart 
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2.A Load Reduction Goal
The mercury load reduction required to be achieved through GI by 2040 per the MRP is 10 kg/yr 
MRP area-wide, or 3.1 kg/yr for Alameda County, and 1.7 kg/yr for Contra Costa County.  

Calculations were conducted to develop the PCBs load reduction goals as described in the Bay 
Area RAA Guidance Document (BASMAA, 2017). The calculation methodology is summarized 
below.  

2.A.1 TMDL Attainment Load Reduction (2030)
 LRgoal  = Baseline – WLA (kg/yr) 

Where: 

LRgoal  = The load reduction goal (kg/yr) 

Baseline  = The baseline pollutant loading as calculated through the RAA 

WLA = The population-based wasteload allocation 

The TMDL population-based wasteload allocations for Alameda County and Contra Costa County 
are provided Table 2.A-1. 

Table 2.A-1:TMDL Population-Based Wasteload Allocations for Alameda County and 
Contra Costa County 

Stormwater Improvement Goal PCBs (kg/yr) 

Alameda County 0.5 

Contra Costa County 0.3 

2.A.2 RAA Calculated Baseline Load - PCBs
The results of the RAA baseline modeling are presented for Alameda County and for Contra Costa 
County in Table 2.A-2, below. The baseline countywide load used to establish the PCBs load 
reduction goal for the Permittee area is shown in bold. Refer to the RAA Guidance Document 
Section 2 and Section 3.5 (BASMAA, 2017) for details on the calculation methodology.  
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Table 2.A-2: RAA Model Baseline Loading Estimates – PCBs 

RWQCB 
Region Above/Below Dam Permit 

Baseline Load Alameda 
County (kg/yr) 

Baseline Load Contra 
Costa County (kg/yr) 

Region 2 

Below Dam 
MRP 3.6 1.6 

NPDES 0.2 0.8 
Phase 2 0.5 <0.1 

Above Dam 
MRP <0.1 <0.1 

NPDES 0.0 <0.1 
Phase 2 0.0 0.0 

Region 5 

Below Dam 
MRP <0.1 0.1 

NPDES 0.0 <0.1 
Phase 2 0.0 <0.1 

Above Dam 
MRP 0.0 <0.1 

NPDES 0.0 0.0 
Phase 2 0.0 0.0 
Total 4.3 2.6 

Using the preliminary RAA-calculated baseline load1 of PCBs for each County, the load reduction 
goal is estimated to be 3.1 kg/yr for Alameda County and 1.3 kg/yr for Contra Costa County.  

2.A.3 MRP Load Reduction through GI by 2040
The PCBs load reduction required to be achieved through GI by 2040 (i.e., 3 kg/yr MRP area-wide 
or 0.9 kg/yr for Alameda County and 0.5 kg/yr for Contra Costa County) must be adjusted to reflect 
the RAA-calculated baseline load (i.e., 3.6 kg/yr and 1.6 kg/yr for Alameda and Contra Costa 
Counties, respectively). The MRP load reduction requirement for GI for all permittees (3 kg/yr) 
represents 20.8% of the overall required TMDL load reduction. Therefore, the adjusted 
countywide load reduction through GI can be calculated as: 

LRMRP, GI, 2040  = LRgoal * 20.8% 

The adjusted countywide PCBs load reduction goal through GI by 2040 are calculated as 
summarized in Table 2.A-3.  

Table 2.A-3: Adjusted Countywide PCBs Load Reduction Goals through GI by 2040 

County PCBs Load Reduction Goal through GI (kg/yr) 

Alameda County 0.6 

Contra Costa County 0.3 

2.B Overall Methodology to Account for GI Load Reductions
Refer to Sections 2.3, 3.2, and 3.3 of the GI Quantitative Relationship Reports [PR-2; PR-3].

1 As of the May 2019 draft model run; the final baseline load is subject to change per peer review comments 
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2.C Load Reduction Calculation Method
The load reduction is calculated based on the difference between the baseline PCBs and mercury 
load and the PCBs and mercury load accounting for GI.  The baseline model produces a PCBs and 
mercury load for each County, along with a “load production” GIS layer that estimates the load 
corresponding with each parcel and ROW segment within each County (note that individual parcel 
loadings should be considered representative of the ‘average tendency’ of loading for similar 
parcels). This “load production” layer is revised for the future condition based on land use changes, 
then combined in GIS with planned green infrastructure projects to estimate the resulting parcel 
load, assuming standard bioretention treatment.  The estimated load reduced per acre using this 
approach is calculated and presented in Sections 4 and 5 of the GI Quantitative Relationship 
Reports [PR-2; PR-3]. 

The sum of the revised and treated parcel loads, across each County, provides the load under the 
future estimated condition. This future estimated load is then subtracted from the baseline 
estimated load to estimate loads reduced.  
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