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Chapter 1:  Introduction 

1.1 Overview 
The primary goals of the Sonoma Creek Watershed Sediment TMDL and Habitat 
Enhancement Plan are to: a) attain water quality objectives for sediment, settleable 
material, and population and community ecology; and b) support a broader suite of 
actions, also needed to conserve steelhead and other native fish and wildlife 
populations.  

Based on evidence of excessive erosion, and concerns regarding decline of native fishes, 
Sonoma Creek has been officially designated as impaired by sediment since 1996. Staff 
of the San Francisco Bay Regional Water Quality Control Board (Water Board) propose 
to address this impairment, and the larger goal of conservation of steelhead and other 
native fish populations, by amending the Water Quality Control Plan for the San 
Francisco Bay Basin (Basin Plan) to incorporate a Total Maximum Daily Load (TMDL) 
for sediment, and a Habitat Enhancement Plan.  A key aspect of the Basin Plan 
amendment is its implementation plan, which in this case specifies both the required 
actions to achieve water quality objectives for sediment, and recommended actions to 
enhance other habitat attributes including baseflow, fish passage, and habitat 
complexity.   

This Staff Report provides the scientific and technical bases for the project. As we 
explain below, our approach to developing a Basin Plan amendment will entail: 1) 
confirming the nature of impairment by identifying significant limiting factors for fish 
using a limiting factors analysis of the Sonoma Creek watershed; 2) evaluating sediment 
loads and sources; 3) establishing narrative and numeric targets needed to support fish 
in good condition; and 4) developing an implementation plan to reduce sediment 
discharges and enhance native fish habitat.  

1.2 California Environmental Quality Act  
This Staff Report provides the rationale and the technical basis for the required TMDL 
elements and associated implementation plan. This report meets the requirements of the 
California Environmental Quality Act (CEQA), including the preparation of a checklist 
for adopting Basin Plan amendments and serves in its entirety as a substitute CEQA 
environmental document. It was developed with consideration of stakeholder input 
including incorporation of the comments received on a Preliminary Project Report dated 
July 19, 2007  and has been updated with this information.  

1.3 Project Definition and Objectives 
Sonoma Creek is currently listed (in the 2006 version of the Clean Water Act Section 
303(d) impaired waterbodies list) as impaired by sediment (as well as pathogens and 
nutrients). While the TMDL (allowable sediment load per unit time) applies to mainstem 
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Sonoma Creek, the water quality targets, allocations, and implementation plan apply 
throughout the watershed in order to assure attainment of the TMDL. 
 
The proposed project is a Basin Plan amendment that would establish a sediment TMDL 
for Sonoma Creek and an implementation plan to achieve the TMDL and related habitat 
enhancement goals.  The bases of the TMDL are numeric targets for streambed 
permeability, pool filling and substrate composition, selected to be protective of fishery 
beneficial uses. The TMDL assigns wasteload and load allocations to dischargers that, 
over time, will ensure that the targets are achieved.  
 
The Project Objectives are to: 
• Protect Beneficial Uses of cold water fish spawning and migration, and habitat for 

rate and endangered species, specifically steelhead trout 
• Attain numeric targets to meet water quality standards 
• Comply with CWQ requirements to adopt TMDLs for 303(d) listed water bodies 
• Avoid imposing regulatory requirements that are more stringent than necessary to 

meet numeric targets and attain water quality standards 
• Complete implementation of the TMDL in as short a time as is feasible 

To achieve these project objectives, we have developed the Sonoma Creek Watershed 
Sediment TMDL and Habitat Enhancement Plan. The following paragraphs describe the 
rationale and objectives of the Sonoma Creek Watershed TMDL and Habitat 
Enhancement Plan. 

Although reducing fine sediment supply and reducing discharges fromare necessary, 
actions in these  areas alone are not sufficient to recover native fish and aquatic wildlife 
populations in the Sonoma Creek watershed. Therefore in addition to the sediment 
TMDL, we also have prepared a complimentary habitat enhancement plan. The Habitat 
Enhancement Plan provides an outline of the actions that may be needed to address 
other stressors to fish and aquatic wildlife populations1, including:  a) habitat 
complexity; b) migration barriers; c) lack of woody debris; d) stressful water 
temperatures; and e) low baseflows during the springtime and the dry season. Habitat 
enhancement actions will also greatly facilitate attainment of water quality targets in a 
faster timeframe, and in a manner that provides much greater ecological benefit than 
sediment control actions alone. 

                                                      
1 In general, the habitat enhancement plan provides an outline of actions identified in the 
Limiting Factors Analysis as priority restoration measures (in addition to sediment‐related 
measures addressed through regulatory actions identified in the implementation plan for the 
TMDL).  The Limiting Factors Analysis (SEC et al, 2006) and other information relevant to 
conservation and recovery of native fish and aquatic wildlife species within the watershed 
(USFWS, 1998) should be reviewed to gain a detailed and specific understanding of restoration 
priorities.  Our intent by including the habitat enhancement plan is to provide a formal 
recognition by Water Board staff of our intent to support watershed stakeholders and agency 
partners in their efforts to achieve these restoration priorities.  
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The goals of the Sonoma Creek Watershed Sediment TMDL and Habitat Enhancement 
Plan are to: 

• Conserve the steelhead trout population 

• Restore water quality to meet water quality standards, including attaining 
beneficial uses 

• Enhance the overall health of the native fish community 

• Protect and enhance habitat for native aquatic species 

• Enhance the aesthetic and recreational values of the river and its tributaries 

To achieve these goals, stakeholders in the watershed must work to: 

• Reduce sediment loads, and fine sediment2 in particular, to Sonoma Creek and 
its tributaries 

• Attain and maintain suitable gravel quality in freshwater reaches of Sonoma 
Creek and its tributaries 

• Reduce and prevent channel incision 

• Reduce erosion and sedimentation 

• Repair large sources of sediment supply (e.g., landslides) 

• Enhance channel complexity (e.g., by adding and encouraging retention of large 
woody debris) 

1.4 TMDL Process 
The Sonoma Creek Watershed Sediment TMDL defines the allowable amount of 
sediment that can be discharged into Sonoma Creek  while ensuring attainment of water 
quality standards. This TMDL is expressed as a mass per unit time, as well as a 
percentage of the natural background sediment delivery rate to Sonoma Creek. To 
ensure attainment of water quality standards, we include a water‐body specific cleanup 
or restoration plan that targets the pollutant causing impairment (in this case, sediment). 

The Clean Water Act requires California to adopt and enforce water quality standards to 
protect San Francisco Bay. The Water Quality Control Plan for the San Francisco Bay 
Region (Basin Plan) delineates those standards, which include beneficial uses of waters 
in the Region, numeric and narrative water quality objectives to protect those uses, and 
provisions to enhance and protect existing water quality (antidegradation). Section 
303(d) of the Clean Water Act requires states to compile a list of “impaired” water 

                                                      
2 In this report, unless otherwise noted, we use the term fine sediment to refer primarily to sand 
and fine gravel (e.g., ≤ 10 mm in diameter) deposited in or on the streambed in fish bearing 
reaches of gravel‐ or cobble‐bedded channels.  High concentrations of fine sediment in the 
streambed are associated with: a) poor rates of survival of salmonid eggs from spawning‐to‐
emergence; b) diminished growth and survival of juvenile salmonids during the dry season; 
and/or c) low rates of survival of juvenile steelhead during the wet season. 
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bodies that do not meet water quality standards and to establish a TMDL for the 
pollutant that causes impairment. Sonoma Creek has been officially designated as 
impaired by sediment since 1996. The proposed TMDL and implementation plan are 
designed to resolve sediment impairment in Sonoma Creek and its tributaries. 

The TMDL process includes compiling and considering available data and information, 
conducting appropriate analyses relevant to defining the impairment problem, 
identifying sources, and allocating responsibility for actions to resolve the impairment.  

In addition, the scientific basis of the Basin Plan amendment is subjected to external 
scientific peer review. This step is required under §57004 of the Health and Safety Code, 
which specifies that an external review is required for work products that serve as the 
basis for a rule, “…establishing a regulatory level, standard, or other requirements for 
the protection of public health or the environment.” The scientific basis of the Sonoma 
Creek Watershed Sediment TMDL, as presented in the Staff Report, was evaluated by 
two peer reviewers, Dr. Peter Goodwin, and Dr. Susan M. Bolton, who concluded that 
the scientific basis of the proposed Basin Plan amendment is based on sound scientific 
knowledge, methods, and practices. 

1.5 Report Organization  
This Staff Report presents the supporting documentation for a proposed Basin Plan 
amendment that establishes a Total Maximum Daily Load (TMDL) and Implementation 
Plan for sediment, and Habitat Enhancement Plan designed to protect beneficial uses of 
Sonoma Creek. It is organized into chapters that reflect background information, the key 
elements of the TMDL process, and regulatory analyses required to adopt the 
amendment.  

Chapter 1 introduces the project and discusses CEQA, the TMDL process, organizational 
layout of the Staff Report, and provides an overview of key elements and goals of the 
Sonoma Creek Sediment TMDL and Habitat Enhancement Plan.  

Chapter 2 presents the physical setting, climate, hydrology, and geology of the Sonoma 
Creek watershed, and Beneficial Uses, as defined in the Basin Plan, supported by the 
watershed.  

Chapter 3 presents the problem statement that the project is based on and defines the 
project, habitat conditions, and why it is necessary, its objectives, and describes current 
fish habitat conditions that may be adversely affecting fish populations.  

Chapter 4 provides a discussion of the water quality standards that are applicable to 
Sonoma Creek and its tributaries.  

Chapter 5 presents the derivation of the numeric targets and desired conditions for the 
watershed.  
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Chapter 6 presents our understanding of the sources of loading of sediment to Sonoma 
Creek and its tributaries. Sources and loading are identified as those attributable to 
natural background and those caused by human activities in the watershed.  

Chapter 7 presents the linkage analysis which describes the relationship between 
sediment sources and the proposed targets, establishes the TMDL, sets allocations, 
including estimates of the percent reduction from each source’s current contribution to 
the total sediment load. Chapter 7 additionally presents a margin of safety that accounts 
for any lack of knowledge about the relationship between the pollutant loads and 
desired receiving water quality.  

Chapter 8 presents the Implementation Plan which includes actions and requirements 
deemed necessary to resolve the sediment impairment, support beneficial uses, and 
restore a sustainable fishery.  It specifies monitoring activities to demonstrate attainment 
of numeric targets. It also presents an adaptive implementation strategy to review 
implementation progress and to evaluate any new information generated, which may 
lead to improved implementation actions, and refinement of the TMDL, the numeric 
targets or the allocations in the future.  

Chapter 9 presents a brief summary of the external scientific peer review, the results of 
CEQA analyses including an environmental impact assessment, an evaluation of 
alternatives to the proposed Basin Plan amendment, economic considerations, cost 
estimates, and discussion on potential source of funding.  

Lastly, the References section, lists all the information sources cited and relied upon in 
preparation of this report.   
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Chapter 2:  Watershed Description 
The Sonoma Creek watershed, in California’s Coast Range north of San Pablo Bay 
(Figure 1), covers an area of approximately 166 square miles (430 km2). The watershed 
ranges in elevation from sea level to the peak of Bald Mountain (2,739 ft.). It lies in a 
valley bounded by Sonoma Mountain to the west and the Mayacamas Mountains to the 
east.  The mainstem of Sonoma Creek flows in a southeasterly direction from 
headwaters on Sugarloaf Ridge through Sonoma Valley before discharging to San Pablo 
Bay. Numerous tributaries enter the main stem from the mountains that rise on both 
sides of the valley (SEC et al., 2004). Figure 1a shows the tributaries and their respective 
drainage areas. The Sonoma Creek watershed includes about 465 miles of streams 
mapped by the USGS (SEC et al., 2004). 

Average rainfall ranges from approximately 23 inches in the lower portions of Sonoma 
Valley to more than 50 inches on the highest slopes of Sonoma Mountain and the 
Mayacamas. Most of the rain falls from November through April, with heaviest rainfall 
occurring from December through February.  This rainfall regime results in two distinct 
seasons in the watershed. During the winter wet season, streamflow and pollutant 
loading are dominated by precipitation –driven surface runoff. In contrast, groundwater 
inflow or runoff from human activities dominates streamflow during the dry summer 
months. 

The watershed supports the following Beneficial Uses, as defined in the Basin Plan: cold 
freshwater habitat (COLD), warm freshwater habitat (WARM), water contact recreation 
(REC‐1), noncontact water recreation (REC‐2), fish migration(MIGR), preservation of 
rare and endangered species (RARE), fish spawning (SPWN), and wildlife habitat 
(WILD). It provides habitat for several native species of concern, including steelhead 
trout (Oncorhynchus mykiss), Chinook salmon (Oncorhynchus tshawytscha), and California 
freshwater shrimp (Syncaris pacifica).   

Major land cover types in the watershed are forest (approximately 30 percent), 
grassland/rangeland (20 percent), agriculture (30 percent—a large portion of this in 
vineyards), and wetlands and sparsely vegetated land (5 percent). Developed land 
(residential, industrial, or commercial) accounts for approximately 15 percent of the 
watershed (ABAG, 2000).  

Compared to other San Francisco Bay Area streams, the watershed is relatively free of 
concrete channelization, major flood control projects, and water supply structures 
(dams). However, historical ditching and draining of the valley floor (see discussion in 
source analysis that follows) has fundamentally altered the routing of peak flows and 
sediment in lower Sonoma Creek, with consequent and significant increases in sediment 
delivery, flooding and degradation of aquatic habitat quality. Early maps and accounts 
describe a large 400‐acre marsh complex known as the Kenwood Marsh. The Kenwood 
Marsh stored winter rain and runoff, and released the water over many months, 
reducing downstream flooding and increasing summer flows in Sonoma Creek. 
Freshwater wetland loss is estimated to be greater than 95 percent in the watershed.  
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Along with reducing aquatic habitat, draining of the freshwater wetlands has increased 
peak flows (SFEI and Sonoma Ecology Center, 2008). 

Sonoma Creek is also listed as impaired by nutrients and pathogens. It is likely that 
actions implemented to reduce sediment loading and enhance habitat will also reduce 
nutrients and pathogens, and help Sonoma Creek in supporting many of its designated 
Beneficial Uses.  
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Figure 1. Location of the Sonoma Creek Watershed 

 
Source: Sonoma Ecology Center el al, 2006 
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Figure 1a.  Tributaries and Subwatersheds in the Sonoma Creek Watershed 

 
Source: Sonoma Ecology Center et al, 2006 
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CHAPTER 1: INTRODUCTION 
 
 

Key Points 
 
• Section 303(d) of the Clean Water Act requires states to compile a list of “impaired” water 

bodies that do not meet water quality standards. 
 
• In 1990, the Water Board listed Napa River as impaired by sedimentation based on evidence 

of widespread erosion, and concerns regarding adverse impacts to fish. 
 
• This report contains Water Board staff analyses and findings pertaining to sediment 

impairment in the Napa River. 
 

 
 
We prepared this report to provide an opportunity for interested parties to comment on the 
scientific basis for the TMDL, and to provide a framework for discussion of implementation 
actions that may be needed to resolve sediment impairment and enhance steelhead and salmon 
populations within Napa River watershed. We expect the proposed regulatory policy to be 
improved as a result of the knowledge and involvement of the stakeholders of the Napa River 
watershed.  
 
 
1.1 Background 
In 1967, the California Legislature established the State Water Resources Control Board (State 
Board), and the nine Regional Water Quality Control Boards (Regional Boards) to regulate and 
protect water resources for the use and enjoyment of the people of the state. The State Board 
administers water rights, water pollution control, and water quality functions as part of the 
California Environmental Protection Agency. The State Board provides guidance to the Regional 
Boards, which conduct regulatory planning, permitting, and enforcement activities to protect 
water resources from pollution. Water pollution control regulatory authorities of the State Board 
and the Regional Boards are shared and derived from the state Porter-Cologne Act and federal 
Clean Water Act. The California Regional Water Quality Control Board, San Francisco Bay 
Region (Water Board) regulates surface and groundwater quality throughout the Bay Area 
including Napa River and its tributaries. By law, the Water Board is required to develop, adopt, 
and implement a Water Quality Control Plan (Basin Plan) for the San Francisco Bay region. The 
Basin Plan specifies and describes:  

• Designated beneficial uses of water 

• Water quality objectives, which are parameters that can be evaluated to determine 
whether the designated beneficial uses are protected  

• Implementation plans and policies to protect water quality  

 
Designated beneficial uses of water for the Napa River include the following:  
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• Water supply (agricultural, municipal, and domestic) 

• Recreation (fishing, swimming, boating, etc.) 

• Navigation 

• Fish migration and spawning 

• Cold and warm freshwater habitats 

• Wildlife habitat 

• Preservation of rare and endangered species  

Beneficial uses adversely affected by excess sediment in the Napa River are recreation (i.e., 
fishing), cold freshwater habitat, fish spawning, and preservation of rare and endangered species. 
 
As designated in the federal Clean Water Act, the State Board and the Regional Boards share 
several water pollution control responsibilities, including establishment of ambient water quality 
standards. Ambient water quality standards include beneficial use protection and water quality 
objectives (described above), and an anti-degradation policy. The anti-degradation policy 
requires that where water quality is better than needed to protect beneficial uses, that such 
superior water quality be maintained. Furthermore, Section 303(d) of the Clean Water Act also 
requires biennial assessments to determine whether ambient water quality standards are being 
achieved in individual water bodies throughout the United States.  
 
In 1990, based on evidence of widespread erosion and concern regarding adverse impacts to fish 
habitat, the Water Board listed the Napa River as impaired by sedimentation. The primary 
impetus for listing was a concern regarding substantial decline since the 1940s in abundance and 
distribution of steelhead and salmon in the Napa River and its tributaries. As a result of the 
sediment impairment listing, the Water Board is required to prepare a total maximum daily load 
(TMDL). A TMDL involves development of a pollutant budget and a control plan to restore the 
health of a polluted water body. Key components of a TMDL include the following: 

• Problem statement 

• (Pollutant) Source analysis 

• Numeric targets (e.g., specification of water quality parameter[s] that can be measured to 
evaluate attainment of water quality standards) 

• Linkage analysis (between pollutant sources and numeric targets) 

• Pollutant load allocations 

• Implementation plan (to attain and maintain water quality standards) 

• Monitoring plan (to evaluate progress in achieving pollutant allocations and numeric 
targets) 

To improve understanding of the significance of sediment pollution relative to other factors that 
may be limiting steelhead and salmon populations, the Water Board partnered with the State 
Coastal Conservancy to fund the Napa River Basin Limiting Factors Analysis (Stillwater 
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Sciences and Dietrich, 2002). The limiting factors analysis documented two adverse impacts of 
erosion and sedimentation on salmon and steelhead habitat: 

• Low permeability values indicating a high concentration of fine sediment in the 
streambed 

• Channel incision in mainstem Napa River 

Channel incision, which occurs in Napa River and lower reaches of its tributaries, has greatly 
reduced the quantity and quality of spawning and rearing habitat for salmon, and appears to be a 
key factor limiting Chinook salmon reproductive success and smolt survival under current 
conditions (Stillwater Sciences and Dietrich, 2002). High concentrations of fine sediment 
deposited in the streambed at potential spawning and rearing sites for salmon and/or steelhead in 
Napa River and its tributaries causes high rates of egg and larval mortality during incubation, and 
also degrade the quality of juvenile rearing habitat for steelhead and salmon. Increases in the 
amount of fine sediment deposited in the streambed are contributing to the decline of what 
appears to be a very small run of steelhead. Other factors including poor flow persistence during 
the spring and dry season and poor habitat access appear to be even more important controls on 
steelhead productivity and survival in the Napa River watershed at present (Stillwater Sciences, 
2002). We conclude that progress towards resolution of all factors limiting steelhead productivity 
and survival in the Napa River watershed is needed to conserve and recover steelhead 
populations. Therefore, we recommend actions to reduce sediment supply, and protect or 
enhance baseflow, stream temperature, habitat complexity, and fish passage as elements of the 
implementation plan that is presented in Chapter 6. 
 
 
1.2 Document Organization 
Chapter 1. Introduction. Provides background regarding the responsibilities of the Water Board, 
the TMDL program, and the problems of sediment and other limiting factors. The introduction 
also describes the purpose of the draft technical report, and outlines subsequent steps in the 
TMDL process.  
 
Chapter 2. Problem Statement. Describes the relationships between the identified pollutant 
(sediment), applicable water quality objectives and beneficial uses, and current water quality 
conditions in Napa River and it is tributaries. The problem statement also describes factors 
limiting steelhead run-size in the Napa River watershed. 
  
Chapter 3. Sediment Source Analysis. Presents the approach, methods, and results of the 
sediment source analysis 
  
Chapter 4. Numeric Targets. Presents the rationale to support proposed water quality parameters 
and numeric targets, and their relation to the attainment of applicable water quality standards 
  
Chapter 5. Linkage Analysis and Allocations. Describes hypothesized linkages between 
sediment loads and habitat conditions, and therefore provides the rationale for estimating the 
assimilative capacity for sediment in the Napa River. Allocations are amounts of sediment 
allocated to each source category, including a margin of safety to account for uncertainty in 
estimating loads and assimilative capacity, and allowance for future growth. 
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Chapter 6. Implementation Plan. Discusses actions needed to attain water quality standards for 
sediment and to protect and/or enhance other stream habitat conditions and includes a monitoring 
plan. 
 
Chapter 7. Regulatory Analysis.  Contains legally required analyses of potential environmental 
impacts and costs that may be associated with the adoption of the proposed Basin Plan 
amendment. 
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Cover Photo: 1983 Flood 
 
 

EXECUTIVE SUMMARY 
 

 
Redwood City’s 5th Avenue  Pump Station is a critical facility which pumps 
stormwater from the 5th Avenue drainage basin to the Bay Front Canal.  The 5th 
Avenue drainage basin, the smallest of the Redwood City drainage basins, lies at the 
lowest point in the entire drainage area and subsequently experiences the greatest 
flooding and resulting property damage (Redwood City Public Works Department, 
Flood Strategy Report, 2000). 
 
The 5th Avenue Pump Station serves the Friendly Acres neighborhood in Redwood 
City and parts of adjacent neighborhoods.  The Friendly Acres neighborhood is 
predominantly a residential neighborhood with low to moderate income residents.  
The housing inventory is predominantly small single family one story homes, with 
some multi-family apartments and several small industrial and commercial buildings. 
 
The Friendly Acres neighborhood has a 60 year history of repetitive flood events, 
since 1951 when the 5th Avenue Pump Station was put in service with 38 significant 
flood events from 1951 through 2011.  38 flood events in 60 years corresponds to 
significant flooding about every 1.6 years on average.  All of these events involved 
substantial street flooding with road closures. 13 of the 38 flood events were larger 
events that also included flood damage to homes.  The 1983 flood, the flood of 
record, was approximately a 100-year event. 
 
This compilation of historical flood events does not include minor nuisance flooding 
events.  The lowest elevation areas within the Friendly Acres neighborhood typically 
experience flooding events two or three times per year.  Many, but not all, of these 
extremely frequent flood events are limited to shallow flooding in streets and yards.  
Such floods may have minor costs, including debris removal, but these minor flood 
events are not included in the benefit-cost analysis.  Rather, the benefit-cost analysis 
includes only the larger flood events with road closures and/or property damage. 
 
The predominant cause of flooding in the Friendly Acres neighborhood is the 
inadequate pumping capacity of the 5th Avenue  Pump Station, which as a maximum 
pumping capacity of only 30 cubic feet per second (cfs).  The proposed mitigation 
project is to upgrade the pump station’s capacity to 270 cfs which is adequate to 
handle the 100-year inflows. 
 
The benefit-cost analysis for this project was completed using the FEMA Version 
4.5.5 Damage-Frequency Benefit-Cost software. 
 
The benefit-cost analysis considers only two categories of damages and losses: 1) 
the economic losses attributable to road closures, using the FEMA standard value 
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per vehicle hour of delay or detour time and 2) building damages, contents damages 
and displacement costs calculated using FEMA standard depth-damage functions. 
 
The total project engineering cost estimate is $4,083,355; this estimate is for a mid-
2013 start of construction.  The summary cost estimate is shown below; the detailed 
cost estimate with unit costs and quantities is attached to e-Grants and also included 
in Appendix 1 of this report. 
 
Construction1      $3,432,935 
Design & Admin (10% of Construction)  $   350,000 
Environmental Compliance/Permitting2  $   145,500 
Additional Easement Procurement3  $   154,920 
Project Total      $4,083,355 
 

1 Construction Estimate based on detailed breakdown attached. 
2 Environmental Compliance/Permitting based on estimated cost to comply 
with the California Environmental Quality Act (CEQA), and possible permit 
application to the Corps of Engineers, San Francisco Bay Regional Water 
Quality Control Board (RWQCB), and the San Francisco Bay Conservation 
and Development Commission (BCDC).  The estimate breakdown is as 
follows: 
 CEQA Compliance   $75,000 
 Corps Permit    $36,000 
 RWQCB Permit   $17,250 

  BCDC Permit   $17,250 
3 Easement Procurement estimate based on additional easement need of 
about 5,164 square foot (sf) at $30 per sf.  Unit price per sf is based on the 
attached map showing the average land value per sf from the County’s 
assessor’s data for the area. 

 
The detailed engineering cost estimate with unit costs and quantities and the 
assessor’s data documenting land costs for the easement procurement are attached 
to e-Grants.  This supporting documentation is also included in Appendix 1 at the end 
of this report 
 
 
Benefit-cost results are: 
 

 
 
These benefit-cost analysis results indicate that the project is cost-effective with a 
benefit-cost ratio of 1.86. 

Benefits $7,577,742
Costs $4,083,355
Benefit-Cost Ratio 1.86
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The data inputs for this benefit-cost analysis are conservative and well documented 
throughout.  Furthermore, in several regards, this benefit-cost analysis is a lower-
bound type analysis.   
 
The following potential flood damages (benefits when avoided by the proposed 
mitigation project) were not considered in this benefit-cost analysis: 

• Any damages or losses in the very frequent, 2 or 3 times per year, small floods 
which don’t result in road closures.  Although generally small there are 
undoubtedly some costs for cleanup and the potential for damages to 
landscaping, other property outside of the home, and damages to garages at 
very low elevations.  The potential for such damages in exacerbated by 
speeding drivers who create wakes while driving down flooded streets. 

• Emergency management costs, including City of Redwood Police and Public 
Works staff time to install and monitor barricades during street closures, debris 
cleanup after events, and flood event management costs. 

• Damages to vehicles, outbuildings, garages, and equipment outside of homes. 

• Disruption time and costs for owners of flooded homes to cleanup, make 
repairs, replace damaged goods and so on. 

 
Including these additional categories of damages in the BCA would result in a higher 
BCR.  These categories of damages were not included in the present BCA because 
credible data to estimate these damages were not available and the BCR was 
already 1.860 without considering these categories. 
 
 
 
Footnote: 
 
During a site visit to the Friendly Acres neighborhood on September 29, 2011 to 
survey the building inventory in the flood prone area, a young teenage boy 
approached me and asked why I was taking pictures of houses on his street. 
 
I told him that I was a consultant working for the City of Redwood City and helping 
with a project to reduce flooding in Friendly Acres.   
 
His eloquent, colloquial response affirms the importance and priority for mitigating the 
highly repetitive flooding in this neighborhood: 
 

“Hey man, you gotta fix it.  It floods here all the time.” 



 4  

1.0 FLOOD DATA AND ANALYSIS 
 
 
1.1 5th Avenue Drainage Basin 
 
For reference, the boundaries of the 5th Avenue drainage basin are shown below in 
Figures 1 and 2.   
 

Figure 1 
5th Avenue Drainage Basin – Overview 

 

 
 

The location of the 5th Avenue Pump Station is shown in the above figure, near the 
Bayfront Canal, above the 5th Avenue drainage basin. 
 
The boundaries of the the 5th Avenue drainage basin, along with a street map are 
shown in more detail on the following figure.  
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Figure 2 
5th Avenue Drainage Basin – Boundaries with Streets 

 

 
 
 

The 5th Avenue drainage basin extends from the northern boundary at Second 
Avenue to the southern boundary near Marsh Road.  Drainage flow within the basin 
is by gravity flow from the north and south to 5th Avenue, which is at the lowest 
elevation within the basin.  Flow along the 5th Avenue collection mains is by gravity to 
the 5th Avenue Pump Station which pumps water into the Bay Front Canal which in 
turn drains through sloughs into San Francisco Bay. 
 
The eastern boundary of the drainage basin is defined  by Highway 101 which is at 
considerably higher elevation than the surrounding ground.  Highway 101 acts as a 
flood berm and isolates the 5th Avenue drainage basin from tidal effects which are 
important east of Highway 101. 
 
The western boundary is defined by the raised railroad embankment and the 
topography of local streets in the southwest corner of the basin. 
 
The lowest elevation areas within the 5th Avenue drainage basin, with the highest 
frequency and severity of flooding, are located between 2nd Avenue and 8th Avenue, 
between Highway 101 and Broadway.  This portion of the Friendly Acres 
neighborhood, in the northeast corner of the drainage basin, is the area which will 
benefit the most from the proposed flood mitigation project. 
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1.2 FEMA Flood Insurance Study 
 
The current FEMA Flood Insurance Study (FIS) for Redwood City is dated November 
18, 1981.  The current FEMA Flood Insurance Rate Map (FIRM) for the Friendly 
Acres neighborhood is Panel 12 of 16 with an effective date of May 17, 1982.  Thus, 
the FIS and FIRM are both approximately 30 years old. 
 
The FIRM Map shows the Friendly Acres neighborhood as being in Zone B, probably 
because the drainage area is less than one square mile:  the 5th Avenue drainage 
basin as an area of only 0.44 square miles.  Because the area is mapped as Zone B, 
there are no quantitative flood hazard data included in the FIS.   
 
The FEMA FIS/FIRM data are not useful for the present BCA, because no 
quantitative flood hazard data are included in the FEMA FIS or FIRM. 
 
 
1.3 Flood History Data 
 
The flood history for the Friendly Acres neighborhood extends back to the 1940s or 
earlier.  However, the 5th Avenue Pump Station began operation in 1951.  Thus, the 
relevant period of record begins in 1951. 
 
Historical flood events for Friendly Acres are compiled in Table 1 on the following 
page.  These data are predominantly from the engineering reports and the Redwood 
City Public Works department referenced in Table 1, with supplemental data from the 
Friendly Acres Neighborhood Association.  The Neighborhood Association has been 
actively involved in flood issues since the flood of record in 1983, which was 
approximately a 100-year event. 
 
The historical flood data in Table 1 show 38 flood events in the 60 years from 1951 to 
2011 which corresponds to an average return period for floods of 1.58 years; all of 
these events included significant street flooding with road closures.  For the present 
benefit-cost analysis, we round the return period for street flooding up to 1.6 years. 
 
The historic flood data also include 13 larger flood events which including flood 
damage to homes in Friendly Acres.  13 flood events in 60 years corresponds to an 
average return period for building damages of 4.62 years.  For the present benefit-
cost analysis, we round the return period for building damages up to 5 years.   
 
This compilation of historical flood events does not include minor nuisance flooding 
events.  The lowest elevation areas within the Friendly Acres neighborhood typically 
experience flooding events two or three times per year (McGovern, 1986). These 
extremely frequent flood events are generally limited to shallow flooding in streets 
and yards.  Such floods may have minor costs, including debris removal, but these 
minor flood events are not included in the benefit-cost analysis.   
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Table 1 
Flood Events: 1951 to 2011 

 

   

Event 
Number Flood Event1,2,3 Street Flooding - 

Road Closures

Major Flood: 
Building 
Damages

Notes

1 January 1952 X
2 December 1953 X
3 December 1955 X X
4 December 19564 X
5 December 19564 X
6 March 1958 X
7 April 1958 X X
8 February 1959 X
9 February 1062 X
10 January 1963 X X
11 October 1963 X
12 November 1964 X
13 December 1966 X
14 January 1967 X X
15 January 1969 X X
16 January 1970 X
17 October 1972 X X
18 January 1973 X X
19 March 1975 X
20 February 1980 X
21 January 1982 X X
22 November 1982 X
23 January 1983 X X Flood of Record5

24 March 1983 X
25 December 1983 X
26 1984 X
27 1985 X
28 February 1986 X X
29 1989 X
30 1992 X
31 1995 X
32 1996 X
33 February 1988 X X
34 2003 X
35 January 2006 X X
36 January 2010 X
37 December 2010 X X
38 March 2011 X

4 Two separate flood events

2 Redwood City Public Works Department (2000) Strategy to Address 
Flooding Problems in Friendly Acres/East Bayshore and Centennial 

1 Wilsey & Ham Engineering Report (1994) Redwood City Bay Front Canal 
Interim Report

3 Friendly Acres Neighborhood Association (2011) Communications from 
Bonnie Miller and Lauren Perritt

5 Mofatt & Nichol Engineering Report (2009) Redwood Shores Levee 
System.  This flood of record corresponds to, or is slightly larger than, the 
one-percent annual chance event.
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1.4 2011 Hydrology and Hydraulics Report   
 
The historical flood data discussed in the preceding section are supplemented by a 
recently completed rigorous hydraulic engineering and hydrology analysis of flooding 
in the Friendly Acres and East Bayshore neighborhoods in Redwood City. 
 
WRECO, a consulting engineering firm specializing in hydraulic engineering and 
hydrology, stormwater management, water resources, flood control system design 
and related fields, conducted a study of the Bayfront Canal Improvement Project.  
This rigorous study included a combination of flood routing modeling and steady-
state flood modeling using HEC-RAS for four scenarios. 
 
The first two scenarios were flood modeling for: 1) the existing conditions of 
Redwood City’s stormwater infrastructure in the Friendly Acres and East Bayshore 
areas, and 2) after the proposed upgrade of the 5th Avenue Pump Station.  Scenarios 
3 and 4 evaluated two alternative upgrades to the Bay Front Canal and tide gate.  
These scenarios modeled a 25-year rain storm event with two tide conditions: a 25-
year tide and a MHHW tide. Tides are an important factor for Scenarios 3 and 4, but 
have no impact on Scenarios 1 and 2. 
 
For the present analysis, of the proposed upgrade for the 5th Avenue Pump Station. 
only Scenarios 1 and 2 are relevant; that is, tidal conditions have no effects. 
 
Tidal conditions have no impact on the results for these scenarios because with the 
tide gate closed, only extreme tides much larger than the 25-year event effect flood 
levels in either Friendly Acres or East Bayshore.  For Friendly Acres, the high ground 
Highway 101 area further blocks any possible tidal events from reaching Friendly 
Acres.   
 
Flood modeling results for the 25-year rain storm event for the area including the 
Friendly Acres neighborhood are shown in Figures 3 and 4 on the following pages.  
The following figures for the existing conditions and after the proposed upgrade of 
the 5th Avenue Pump Station are excerpts from Figures 25 and 27. 
 
Before upgrade of the 5th Avenue Pump Station the peak flood water surface 
elevation is 9.1 feet (NAVD 1988) with a peak ponding storage volume of 42 acre-
feet. 
 
After upgrade of the 5th Avenue Pump Station, there is no flooding because the 
enhanced pumping capacity, along with the existing conveyance capacity of the pipe 
system, is adequate to handle the 25-year rain storm event without flooding. 
 
The yellow rectangles in Figures 3 and 4 show the area within the 5th Avenue 
drainage basin and Friendly Acres neighborhood subject to the highest flood risk.  In 
this view, North is approximately to the left. 
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In the left to right direction, the area extends from 2nd Avenue on the left to 8th 
Avenue on the right.   In the top to bottom direction, the area extends from the alley 
between Rolison Road and Hoover Street on the top to Broadway (and the extension 
of the Broadway orientation east of 5th Avenue) on the right. 
 
As illustrated in Figure 3, the rectangular area includes approximately 85% of the 
area subject to inundation in the 25 year flood event.   
 
Figures 5 and 6 show a Google Earth view and a Google Maps view, respectively, to 
identify the building inventory and streets within this highest flood risk part of the 
Friendly Acres neighborhood.  The hand-drawn rectangles on these figures 
correspond to those in Figures 3 and 4 above. 
 
The rectangular flood-prone area shown on these figures is the area for which the 
benefits of the proposed flood mitigation project are calculated. 
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Figure 3 
25-Year Flood Event - Friendly Acres and Vicinity: Existing Conditions 
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Figure 4 
25-Year Flood Event - Friendly Acres and Vicinity: After Upgrade of the 5th Avenue Pump Station 
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Figure 5 
Google Earth View 
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Figure 6 
Google Maps View 
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1.5 Synopsis of Flood Events 
 
 1.5.1 Flood Elevation Data 
 
For benefit-cost analysis, we consider four levels of flood events as summarized in 
Table 2. 
 

Table 2 
Flood Events for Benefit-Cost Analysis 

 

 
 

Flood depths for the 25-year flood event are as calculated from WRECO’s 2011 
hydraulic and hydrology modeling as discussed in the previous section. Flood depths 
of the other events are estimated conservatively from historical information, 
calibrated to the 25-year flood event. 
 
For the 100-year flood event (1983), the maximum depth of street flooding in the 
vicinity of 5th Avenue and Hoover Street was stated to be over 3 feet (Friendly Acres 
Neighborhood Association Chair, Bonnie Miller, 2011 communication).  For purposes 
of benefit-cost analysis this estimate was rounded down to 3 feet.  The 0.9 foot 
increase in flood elevation is consistent with the NOAA rainfall data shown later in 
this section. 
 
The 5-year and 1.6 year flood depth estimates of 1.5 feet and 1.0 feet, respectively, 
are towards the low end of estimates made by City of Redwood City staff and 
Friendly Acres Neighborhood Association members, from the many flood events 
experienced over the past 30+ years.  As with the 100-year flood estimate noted 
above, these estimates of flood elevations are consistent with the NOAA rainfall data 
shown below.    
 
Storm event inflows exceed the existing pumping capacity of the 5th Avenue Pump 
Station below the 2-year rain event.  With increasing rainfall, flood levels rise 
significantly in proportion to the intensity and duration of rainfall events, because 
local topography concentrates ponding in the lowest elevation part of the 5th Avenue 
drainage basin as shown in Figure 3 in the previous section. 
 

Return Period 
(Years)

Street 
Closures

Damage 
to Homes

Maximum 
Flood Depth 

(Feet)1

Flood Elevation 
NAVD 1988 

(feet)
1.6 YES NO 1 8.0
5 YES YES 1.5 8.5
25 YES YES 2.1 9.1

100 YES YES 3 10.0
1 Maximum flood depth is depth of street flooding in the vicinity of 
5th Avenue and Hoover Street.  Flood depths in homes are always 
less and vary with the elevation and location of homes.
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For reference, the NOAA rainfall data are shown below in Table 3. 

 
Table 3 

NOAA Precipitation Frequency Estimates 
 
 

 
 
  
 1.5.2 LIDAR Elevation Data 
 
Street and grade elevations for the flood prone area of Friendly Acres neighborhood 
were determined primarily by high resolution LIDAR data, along with a limited number 
of surveyed elevation data points from City of Redwood City “block maps” for the 
water, wastewater, and stormwater systems. 
 
An excerpt from the LIDAR contour maps for the flood prone area of the Friendly 
Acres neighborhood is shown in Figure 7.
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Figure 7 
LIDAR Elevation Contours (NAVD 1988) 

 

 
 
 
The color key for the elevation contours is shown on the following page.  For the flood prone area from 2nd Avenue to 8th 
Avenue (left to right in figure above) and from Rolison Road to Broadway Street (top to bottom in the figure above), at 
grade elevations range from a low 6 to 7 feet (lightest shading above) to above 10 feet (darker purple shading).
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Figure 8 

LIDAR Elevation Contours (NAVD 1988):  Contour Color Key 
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2.0 MITIGATION PROJECT SCOPE AND COST ESTIMATE 
 
2.1 Mitigation Project Scope 
 
As noted previously, the predominant cause of the repetitive flooding in the Friendly 
Acres neighborhood is the inadequate pumping capacity of the 5th Avenue Pump 
Station.  The pump station has a pumping capacity of only 30 cubic feet per second 
(CFS) which is inadequate to convey even the 2-year inflows.   
 
Given this very limited capacity, the collection system backs up and causes flooding                
two or three times every year, with more severe flooding for larger events. 
 
The proposed project is to upgrade the pumping capacity of the 5th Avenue Pump 
Station from 30 cfs to 260 cfs.  The upgraded pumping capacity will be adequate to 
handle the 100 year inflows. 
 
The pump station upgrade is designed for to handle 100-year flows, but the 
effectiveness of the project in completely eliminating future flood damages will be 
initially limited to 30-year flood events.  The 30-year limit is the current collection and 
conveyance capacity of the storm water drainage system in this part of the Friendly 
Acres neighborhood.  However, in larger flood events, the pump station upgrade will 
significantly reduce flood levels, but not completely eliminate ponding.  In the future, 
as the collection and conveyance system is improved, the effectiveness of the 
upgraded pump station will rise.   
 
For the present benefit-cost analysis, documented in Section 3.0, the pump station 
upgrade is considered to avoid flood damages up to the 30-year flood event, with 
reduced damages for larger flood events. 
 
 
2.2 Mitigation Project Engineering Cost Estimate 
 
The mitigation project cost estimate is $4,083,355 as shown in the summary in Table 
4 on the following page. 
 
The detailed engineering cost estimate with unit costs and quantities and the 
assessor’s data documenting land costs for the easement procurement are attached 
to e-Grants.  This supporting documentation is also included in Appendix 1 at the end 
of this report.  
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Table 5 

Engineering Cost Estimate Summary 
 
Construction1      $3,432,935 
Design & Admin (10% of Construction)  $   350,000 
Environmental Compliance/Permitting2  $   145,500 
Additional Easement Procurement3  $   154,920 
Project Total      $4,083,355 
 

1 Construction Estimate based on detailed breakdown attached. 
2 Environmental Compliance/Permitting based on estimated cost to comply 
with the California Environmental Quality Act (CEQA), and possible permit 
application to the Corps of Engineers, San Francisco Bay Regional Water 
Quality Control Board (RWQCB), and the San Francisco Bay Conservation 
and Development Commission (BCDC).  The estimate breakdown is as 
follows: 
 CEQA Compliance   $75,000 
 Corps Permit    $36,000 
 RWQCB Permit   $17,250 

  BCDC Permit   $17,250 
3 Easement Procurement estimate based on additional easement need of 
about 5,164 square foot (sf) at $30 per sf.  Unit price per sf based on the 
attached map showing the average land value per sf from the County’s 
assessor’s data for the area. 

 
The detailed engineering cost estimate with unit costs and quantities and the 
assessor’s data documenting land costs for the easement procurement are attached 
to e-Grants.  This supporting documentation is also included in Appendix 1 at the end 
of this report 
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3.0 BENEFIT-COST ANALYSIS INPUT DATA 
 
3.1 Building Inventory Data 
 
The flood-prone area as shown previously in Figure 3 from the WRECO hydraulic 
engineering and hydrology modeling, contains 128 homes.   
 
Building inventory data for each of these 128 homes, along with photos and damage 
calculations using FEMA Standard Depth-Damage Functions from the Version 4.5.5 
Flood BCA Software Module, are shown in full detail in the following file, which is 
attached to e-Grants: 
 
 Redwood City Inventory-BCA Data.xlsx 
 
Building inventory data were obtained from the Assessor’s Database, which includes: 

• Address, 

• Use (single family, multifamily, commercial, industrial), 

• Building footprint (square feet), 

• Number of stories, and 

• Other data. 
 

Building replacement values (BRV) per square foot were obtained from the latest 
edition of the BNi Building News Homebuilder’s Costbook 2012: 

• Medium costs for “Average” (contractor grade) homes were used, 

• For homes below 1,500 square feet, BRV per square foot was assumed to be 
the same as for 1,500 square foot homes.  This is a conservative , lower-
bound estimate since unit costs increase for smaller homes. 

• For homes above 3,000 square feet, BRV per square foot was estimated to be 
10% lower than for a 3,000 square foot home.  This is a conservative, lower 
bound type estimate because larger homes are typically more high-end with 
higher costs per square foot. 

• BRVs include a geographic cost modifier of 1.26, which is the value for San 
Jose, the nearest city listed.  Costs Redwood City are very similar to those in 
San Jose or San Francisco (cost modifier of 1.29). 

For reference, scans of the relevant pages from the BNi Costbook are shown in 
Appendix2 and the end of this report.  These data for “average” one-story and two-
story homes, the lowest price category in the BNi Costbook. 
 
For each of the 128 homes, the BRVs/SF were extracted from the BNi costs/SF in 
the Excel file referenced above, using the HLOOKUP Excel function, from the BNi 
cost tables on the Data Lookup Tables worksheet in the Excel file. 
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The building inventory Excel file, referenced above, also contains a Google Earth – 
Street View thumbnail photo of each of the 128 homes.  These photos are active 
links to the Google Earth database which includes a larger format, wider view photo 
of each house. 
 
 
3.2 First Floor Elevation Data 
 
First floor elevations for the 128 homes in the flood-prone area were estimated from 
the high- resolution LIDAR elevation data and evaluation of each individual home via 
the following procedure: 

1. Street and at-grade elevations were determined for each parcel from the high-
resolution data LIDAR data shown previously in Figure 3, with additional 
elevation checks from surveyed elevations on the City of Redwood City block 
maps which map the City’s water, wastewater and stormwater systems on a 
block by block, parcel by parcel basis. 

2. A site visit was made in September 2011 to visually inspect each of the 128 
homes.  The topography of this neighborhood is flat with homes only minimal 
elevation rise for drainage between homes’ footprint and the adjacent 
sidewalk/curbs. The estimated elevation difference between the street crest 
elevation and the sidewalk adjacent to porch steps ranged from only about 6” 
for a few homes to less than 18” for the highest elevation homes.  For the vast 
majority of the 128 homes this elevation difference was estimated to be 10” to 
12”.  For purposes of the present benefit cost analysis, this elevation 
difference was assumed to be 12”.  This estimate is higher than the median 
estimate and thus somewhat underestimates flood depths and damages in 
flood events.  Thus, for benefit-cost analysis, this is a conservative, lower-
bound type estimate. 

3. The elevation difference between the sidewalk at the bottom of porch steps 
and the first floor door threshold was estimated from the number of steps and 
the average height per step.  Step heights vary but were predominantly 
between 6” and 8”. Most first floor thresholds were only an inch or two above 
the porch, but in a few cases the threshold was a full step above the porch.   
The elevation differences between the sidewalk at the bottom of the porch 
steps and the first floor was based on the number of steps (including one extra 
step is the door threshold was a step above the porch elevation).  In a few 
cases, when step heights or the elevation of the threshold above the porch 
was irregular, the number of steps was estimated fractionally (e.g., 2.5 steps). 
For purposes of the present benefit-cost analysis, the average step height was 
assumed to be 8” which is somewhat higher than the median step height 
estimate.  This estimate somewhat underestimates flood depths and damages 
in flood events and is thus a conservative lower-bound type estimate for the 
BCA. 
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4. The number of steps to the first floor for each home was determined from the 
Google Earth – Street View Photos, which are shown for each home in the 
previously referenced file which is attached to e-Grants:  
 Redwood City Inventory-BCA Data.xlsx 
For homes where the thumbnail photos did not clearly show the number of 
steps, the number of steps was determined from the full Google Earth – Street 
View photos, which show wider views (and sometimes different views) than 
the thumbnail photo.  For homes where none of the Google Earth photos 
showed the number of steps, the numbers of steps were determined visually 
during the September 2011 site visit. 

5. The first floor elevation for each of the 128 homes, determined per the 
systematic procedure summarized above, is shown in the Excel file referenced 
above.  These data are shown in columns P and S to V.  Identical building 
elevation data are shown on the 5-Year Flood, 25-Year Flood and 100-Year 
Flood pages; the elevation data on these pages differ only with respect to the 
flood elevations and thus in the depth of water in each home for the various 
flood events.  Column labels are as follows 

a. The first floor height above grade is the elevation difference between 
the sidewalk at the bottom of the porch steps and the first floor 
elevation. 

b. The first floor height above reference is the above height plus 12”, 
reflected the average elevation difference discussed in paragraph 2 
above. 

c. The reference elevation is the street crest elevation determined from 
the LIDAR elevation data. 

d. The first floor elevation (NAVD 1988) is shown in Column S. 
 
Flood elevation data for the four levels considered in the BCA (1.6-, 5-, 25- and 100-
year) were determined as summarized previously in Section 1.5.1 and as shown in 
Table 2.  Flood depths are constant over the flooded area, which is a ponding area 
with negligible water surface slope over the few block area. 
 
Flood depths of each of the four floods were determined for each of the 128 homes 
by the difference between the first floor elevation and the flood depth. 
 
An excerpt from the detailed data tables for each of the 128 homes for the 5-year, 25-
year and 100-year flood events is shown in the following figure (25-year flood event).   

 
The full data set is shown in: Redwood City Inventory-BCA Data.xlsx which is 
attached in the e-Grants application.
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Figure 9 
Sample Excerpt From Redwood City Inventory-BCA Data.xlsx 

 

 
 

 

APN
LAND 
USE

UNITS
YEAR 
BUILT

STORIES

BLDG 
FOOT 
PRINT 

(SF)

Number Street PHOTO
Building 

Replacement 
Value/SF

Building 
Replacement 

Value

First Floor 
Elevation 

NAVD 1988 
(feet)

055022200
Multi 

Family
0 1952 1 2,249 26 BROADWAY $213.41 $479,951 8.60

055023160
Single 
Family

1 1946 1 1,576 33 BROADWAY $222.30 $350,348 11.00

055022210
Single 
Family

1 1936 1 593 34 BROADWAY $222.30 $131,825 11.00

055022220
Single 
Family

1 1949 1 1,403 38 BROADWAY $222.30 $311,889 11.67

055023150
Multi 

Family
2 1960 1 2,457 41 BROADWAY $212.30 $521,615 11.00

055023140
Multi 

Family
2 1948 1 2,956 49 BROADWAY $201.66 $596,116 11.00
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3.3 Depth-Damage Functions 
 
FEMA standard depth-damage functions for the relationships between flood depth 
(relative to the first floor) and building damages, contents damages and displacement 
costs were used in the BCA calculations. 
 
The FEMA depth-damage function for building damages expresses damage a 
percentage of building replacement value (BRV).  BRV was calculated as the product 
of BRV/SF from the BNi cost tables and the building size.  The assessor’s database 
for Redwood City contains only the square footage of the building footprint.  For  the 
one-story homes (110 of the 128 homes), the footprint and the building square 
footage are identical.  For two-story homes (18 of 128 homes), the footprint square 
footage represents only the area of the first floor.   
 
Because the two-story square foot data include only the first floor, the FEMA depth-
damage functions for one-story without basement homes was used for all 128 
homes.  None of the 128 homes have basements.  For reference, these FEMA 
depth-damage functions from the Version 4.5.5 BCA Software Flood Module are 
shown below in Table 5. 
 

Table 5 
FEMA Depth-Damage Functions: One-Story Home Without Basement 

 

 
 

Note:  the -10.00 feet flood depth was added to the above table to 
facilitate the automated lookup in the Excel table using the VLOOKUP 
function.  This entry is necessary to enable the VLOOKUP function to 
automatically return zero damages for flood depths below -2.00 feet. 

 

Flood Depth  
Relative to 
First Floor 

(feet)

Building 
Damage 
Percent

Contents 
Damage 
Percent

Displacement 
Time       
(days)

Displacement 
Time 

(months)

-10.00 0.00% 0.00% 0 0
-2.00 0.00% 0.00% 0 0
-1.00 2.50% 2.40% 0 0
0.00 13.40% 8.10% 0 0
1.00 23.30% 13.30% 45 1.5
2.00 32.10% 17.90% 90 3.0
3.00 40.10% 22.00% 135 4.5
4.00 47.10% 25.70% 180 6.0
5.00 53.20% 28.80% 225 7.5
6.00 58.60% 31.50% 270 9.0

1-Story Residence Without Basement
FEMA Standard Depth Damage Relationships (USACE Generic)
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The FEMA Standard Depth-Damage Relationship (USACE generic) expresses 
contents damage as a percentage of  BRV (that is, the FEMA standard value of 
contents is set at 100%). 
 
Displacement costs were calculated using the FEMA standard value of $1.44 per 
square foot per month as per the FEMA Version 4.5.5 BCA Software Flood Module. 
 
 
 
3.4 Building Damages Before and After Mitigation 
 
 3.4.1 Before Mitigation 
 
Building damages before mitigation are calculated for each of the 128 homes 
individually, using the methods described in full detail in the above section.  The 
totals for each flood event for three categories of damages and losses:  building 
damages, contents damages and displacement costs are entered into the FEMA 
Version 4.5.5 Damage Frequency Assessment (DFA) software module, along with 
traffic count and road closure data that are discussed later in Section 3.5. 
 
Calculated building damages and losses before mitigation, which were calculated 
using FEMA Standard Depth-Damage Functions as described above in Section 3.3, 
are shown below in Table 6. 
 

Table 6 
Building Damages and Losses: Before Mitigation 

 

 
 

The calculated damages and losses shown in Table 7 are as calculated shown in: 
Redwood City Inventory-BCA Data.xlsx which is attached in the e-Grants 
application.  These results are shown in Row 133 of the worksheets for the 5-Year, 
25-Year and 100-Year flood events. 
 
The calculated numbers of homes with flood damages are 21, 59, and 100 for the 5-
year, 25-year and 100-year flood events, respectively. 
 
 
  
  

1.6 Year 5 Year 25 Year 100 Year
Building Damage $0 $542,849 $1,572,315 $3,690,686
Contents Damage $0 $400,697 $1,063,591 $2,349,879
Displacement Costs $0 $0 $4,858 $62,048
Total $0 $943,546 $2,640,764 $6,102,612

Damage or Loss 
Category

Flood Event
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 3.4.2 After Mitigation 
 
As discussed previously, in Section 2.1, the proposed upgrade to the 5th Avenue 
Pump Station will provide sufficient capacity to handle 100-year inflows.  However, 
the achievable level of flood protection is governed by the combination of the pump 
station capacity and the collection/conveyance capacity of the stormwater system.  
The collection/conveyance capacity of the stormwater system limits the achievable 
level of complete protection against flooding to a 30-year event. 
 
In flood events greater than a 30-year event, the depth of flooding will be 
substantially reduced but there will still be some level of street flooding.  Maximum 
flood depths for the four levels of floods considered were shown and discussed 
previously in Section 1.5.1.  Summary maximum flood depths in the flood prone area, 
Table 2 in Section 1.5.1, are repeated below in Table 7. 
 

Table 7 
Flood Events for Benefit-Cost Analysis 

 

 
 

From the flood elevation data in Table 8 above, the achievable 30-year flood 
protection means that flood elevations will be reduced more than the before-
mitigation flood depth of 2.1 feet (25-year event shown above).  That is, no street 
flooding is expected except for floods above the 30-year event. 
 
This level of protection corresponds to reducing flood depths by >2.1 feet.  The 100-
year flood depth before mitigation is only 0.9 feet more than the 25-year flood depth.  
This analysis suggests that after-mitigation flood depths will be less than 0.9 feet up 
to the 100-year event.  This level of street flooding is below the flood depth at which 
building damages will occur.  Thus, this analysis suggests that the proposed 
mitigation project may completely eliminate building damages up to the 100-year 
event.  That is, that after mitigation flood events greater than the 30-year event will be 
limited to street flooding only, up to at least the 100-year event. 
 
More conservatively, in the spirit of a lower-bound type benefit-cost analysis, the 
maximum flood depth for a  “100-year” flood event or any other flood event may vary 
depending on the combination of duration and intensity of a given rainfall event.   For 

Return Period 
(Years)

Street 
Closures

Damage 
to Homes

Maximum 
Flood Depth 

(Feet)1

Flood Elevation 
NAVD 1988 

(feet)
1.6 YES NO 1 8.0
5 YES YES 1.5 8.5
25 YES YES 2.1 9.1

100 YES YES 3 10.0
1 Maximum flood depth is depth of street flooding in the vicinity of 
5th Avenue and Hoover Street.  Flood depths in homes are always 
less and vary with the elevation and location of homes.
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example, a 6-hour 100-year rainfall event with 2.82” of rain (See: Table 3) might have 
a higher maximum flood depth than a 12-hour 100-year rainfall event with 3.92” of 
rain.   Given this inherent variability in the duration-intensity of rainfall events, we do 
not assume that building damages after mitigation will always be zero, although this 
seems likely. 
 
Rather, we make the more conservative estimate that building damages after 
mitigation won’t be more than the 5-year damages before mitigation.  Given the 
above analysis, this data input likely overestimates the building damages after 
mitigation and thus underestimates the benefits (and BCR) of the proposed mitigation 
project.   
 
Estimated building damages after mitigation are shown in Table 8. 

 
Table 8 

Building Damages and Losses: After Mitigation 
 

 
 
 
3.5 Road Closures 
 
As discussed previously, the highly repetitive flooding in the most flood-prone part of 
the Friendly Acres neighborhood results in frequent road closures.  As shown in 
Table 8, road closures occur in all significant flooding events starting with the 1.6 
year flood event.   
 
As noted previously, some level of flooding typically occurs 2 or 3 times per year in 
Friendly Acres.  Some road closures or disruption of traffic flow from standing water 
may also occur in these extremely frequent events.  However, for benefit-cost 
analysis, we consider no damages, losses or road closures for these extremely 
frequent events. 
 
The most recent available traffic count data for the main thoroughfare streets in the 
flood project area of Friendly Acres are shown in Table 9. 
 
  

1.6 Year 5 Year 25 Year 100 Year
Building Damage $0 $0 $0 $542,849
Contents Damage $0 $0 $0 $400,697
Displacement Costs $0 $0 $0 $0
Total $0 $0 $0 $943,546

Damage or Loss 
Category

Flood Event
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Table 9 
Traffic Count Data from City of Redwood City 

 

 
 
For calculation of the economic impacts of the delay/detour time associated with road 
closures, we use the FEMA standard value of $38.15 per vehicle hour of 
delay/detour, as built into the Version 4.5.5 DFA BCA software. 
 
Road closures in the flood-prone area have occurred dozens of times over the past 
60 years.  The typical closure times for flood events of varying severity are shown 
below the Table 10.  These “best estimates” are based on historical experience in 
Redwood City.  Actual closure times may be longer, taking into account the necessity 
to remove barricades, generally at several locations on each major street and 
complete any necessary debris removal. 
 

Table 10 
Typical Road Closure Durations 

 

 
 

The typical delay/detour time for closures of all of the major thoroughfares in the flood 
prone part of Friendly Acres is estimated very conservatively at 15 minutes (0.25 
hours).  Redwood City is a dense, highly urbanized community with high levels of 
traffic congestion.  The thoroughfares within this area feed adjacent thoroughfares 
which in turn feed major arteries which connect to Highway 101, immediately south of 
the Friendly Acre neighborhood.  Given the confusion and congestion, especially 
under severe winter rainstorm conditions, an average delay time of only 15 minutes is 
a conservative lower bound type data input.  

2nd Ave east of Broadway 2,296
2nd Ave west of Broadway 2,920
5th Avenue east of Broadway 3,485
5th Avenue west of Broadway 6,770
Rolison Rd south of 5th 3,628
Rolinson Rd north of 5th 2,280
Broadway between 2nd & Fifth 5,265

Total 26,644

Event
Closure Time 

(Days)
1.6 Year Flood 0.2
5 Year Flood 0.3
25-Year Flood 0.5
100-Year Flood 1
Friendly Acres Typical 
Delay/Detour Time (hours)

0.25
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4.0 BENEFIT-COST RESULTS 
 
Benefit-cost analysis for the 5th Avenue Pump Station Upgrade was conducted using 
the FEMA Version 4.5.5 BCA Software Module. 
 
The data inputs for the benefit-cost analysis are as documented in Section 3.0 
above. 
 
The benefit-cost analysis also used the following FEMA Standard Values: 

• Discount Rate: 7%.  This is the OMB-mandated discount rate for all FEMA 
BCAs. 

• Project Useful Life: 50 years. This is the FEMA Standard Value for pump 
stations, as stated Appendix D, Project Useful Life Summary in the FEMA 
BCA Reference Guide, June 2009. 

 
The total mitigation project cost for benefit-cost analysis is the engineering cost 
estimate shown in Table 4: $4,083,355.  The detailed engineering cost estimate with 
unit costs and quantities is included  in Appendix 1. 

 
Benefit-cost results are as shown in Table 11. 
 

Table 11 
Benefit-Cost Results 

 

 
 
 
The above benefit-cost analysis results indicate that the project is cost-effective with 
a benefit-cost ratio of 1.860. 
 
The data inputs for this benefit-cost analysis are conservative and well documented 
throughout.   
 
Furthermore, in several regards, this benefit-cost analysis is a lower-bound type 
analysis.  The following potential flood damages (benefits when avoided by the 
proposed mitigation project) were not considered in this benefit-cost analysis: 

• Any damages or losses in the very frequent, 2 or 3 times per year, small floods 
which don’t result in road closures.  Although generally small there are 
undoubtedly some costs for cleanup and the potential for damages to 
landscaping, other property outside of the home, and damages to garages at 
very low elevations.  The potential for such damages in exacerbated by 
speeding drivers who create wakes while driving down flooded streets. 

Benefits $7,577,742
Costs $4,083,355
Benefit-Cost Ratio 1.86
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• Emergency management costs, including City of Redwood Police and Public 
Works staff time to install and monitor barricades during street closures, debris 
cleanup after events, and flood event management costs. 

• Damages to vehicles, outbuildings, garages, and equipment outside of homes. 

• Disruption time and costs for owners of flooded homes to cleanup, make 
repairs, replace damaged goods and so on. 

 
Including these additional categories of damages in the BCA would result in a higher 
BCR.  These categories of damages were not included in the present BCA because 
credible data to estimate these damages were not available and the BCR was 
already 1.604 without considering these categories. 
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Assesor’s Data on Land Values for Estimating Easement Cost  
for the 5th Avenue Pump Station Upgrade 
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Location 
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Residential Losses from Urban Water Shortages in California  

 

Executive Summary 

California’s water system is susceptible to periodic and potentially prolonged periods of 

water supply disruption due to natural variations in precipitation and runoff.  Recent 
environmental protections in the Delta and the possibility that climate change may alter 
future precipitation levels both over regions and over time increase the risk that 

California water providers are at times unable to meet their target levels of water 
delivery.  Combined with projections for continued population growth in the State, this 
confluence of forces makes it increasingly important to model the economic implications 

of periodic disruptions in water supply. 
 
This report measures the economic losses to residential customers of California Urban 

Water Agencies (CUWA) that arise from different magnitude reductions in annual water 
deliveries.  The analysis considers consumer willingness to pay to avoid a water supply 
disruption of a given size based on regional estimates of residential demand conditions 

facing water purveyors within CUWA member agencies.  Economic losses are 
calculated and presented as a range between a lower bound value of consumer surplus 
loss, which is the additional premium consumers are willing to pay above the prevailing 

water rate for water units displaced during a shortage, and an upper bound value of 
total consumer willingness to pay, which includes the water rate that would actually be 
paid for the displaced water units absent a shortage.  Actual economic losses in each 

region, which would fall somewhere between these extremes, can be calculated as 
consumer willingness to pay to avoid a water supply interruption (the upper bound 
value) net of any cost savings incurred at the agency level from reduced delivery levels 

during the period of interruption. 
 
The foundation for calculating consumer willingness to pay to avoid a supply disruption 

is based on regional estimates of the price elasticity of demand facing water retailers 
within each CUWA member agency.  The estimated residential demand model controls 
for several pertinent factors apart from water rates that affect water consumption levels.  

These factors include average household income, average lot size, average daily 
summer temperature, average annual precipitation level, and the current extent to which 
best-management practices (BMPs) are employed for water conservation in each 

region, as well as time trends.  Controlling for these factors is essential, as the empirical 
results indicate that: (i) households with higher income levels are willing to pay a greater 
amount to avoid a supply disruption than households with lower income levels; (ii) 

households with larger lot sizes have a lower willingness to pay than households with 
smaller lot sizes due to a greater share of water allocated to lower-valued uses in 
outdoor irrigation; and (iii) households in regions that extensively employ BMPs are 

willing to pay a greater amount to avoid a water supply disruption.  This last result is 
important because it provides empirical evidence of demand hardening: Given previous 
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conservation gains from adopting BMPs in a region, achieving further reductions in 
water use through conservation efforts becomes more difficult.  

 
The combined economic loss across CUWA member agencies is summarized in Table 
ES.1 for an annual supply disruption of 10%, 20%, and 30%.  For the total loss 

calculation, annual losses are expressed for the case in which the decline in municipal 
and industrial deliveries is mediated through the residential sector of each region.  For a 
10% annual reduction in water deliveries among CUWA member agencies, the total 

economic loss is in the range between $222 million ($458/AF) and $858 million 
($1,765/AF); for a 20% annual reduction in water deliveries, the total economic loss is in 
the range between $1.3 billion ($1,324/AF) and $2.6 billion ($2,632/AF); and for a 30% 

annual reduction in water deliveries, the total economic loss is in the range between 
$4.8 billion ($3,267/AF) and $6.7 billion ($4,574/AF). 
 

Scenario 10% disruption 20% disruption 30% disruption

Lower Bound

Total Loss (million $s) $222.33 $1,287.19 $4,763.84

Average Loss ($/AF) $458 $1,324 $3,267

Upper Bound

Total Loss (million $s) $857.68 $2,557.88 $6,668.89

Average Loss ($/AF) $1,765 $2,632 $4,574

Table ES.1.  Economic Losses from a Cumulative 10%, 20%, and 30% Supply 

Disruption for CUWA Member Agencies 

 
 
Economic losses on a per unit basis ($/AF) increase considerably for larger magnitudes 
of supply disruption.  The reason is that less costly methods of water conservation are 
adopted by households before turning to more costly methods of water conservation.  
Thus, consumer willingness to pay to avoid a supply disruption rises at an increasing 
rate with the magnitude of the water shortage as more valuable end-uses of water are 
displaced at larger disruption levels than at smaller disruption levels.   
 
Figure ES.1 shows the trend in economic losses ($/AF) across CUWA members for 
increasing magnitudes of the water shortage.  The dashed line represents the lower 
bound of losses represented by the loss of consumer surplus and the solid line 
represents the upper bound of losses represented by total consumer willingness to pay 
to avoid a water service disruption.   
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Figure ES.1.  Economic Loss Function for CUWA Member 

Agencies
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There is considerable variation in economic losses across individual CUWA member 
agencies.  CUWA member agencies differ widely in socioeconomic factors such as 
average household income levels, adoption of conservation BMPs, and prevailing water 
rates, each of which has an important bearing on the willingness to pay of consumers to 
avoid a water shortage.  For a 10% supply disruption, the standard deviation of 
economic losses across members is $406/AF at the lower boundary and $807/AF at the 
upper boundary of losses.  For a 20% supply disruption, the standard deviation of 
economic losses across members is $1,353/AF at the lower boundary and $1,710/AF at 
the upper boundary of losses.  For a 30% supply disruption, the standard deviation of 
economic losses across members is $3,895/AF at the lower boundary and $4,216/AF at 
the upper boundary of losses.   
 
Variability in economic losses across members in response to a water supply disruption 
is driven by two features: (i) differences in water rates; and (ii) differences in the 
elasticity of residential water demand.  Average economic losses from a water shortage 
rise at a faster pace with the magnitude of the disruption in regions in which residential 
demand conditions are less elastic, for instance in regions that have extensively 
adopted best-management practices for conservation prior to undergoing a water 
shortage.  Agencies that have intensively implemented BMPs are less able to facilitate 
further water conservation relative to agencies that have not as actively exploited the 
conservation potential of households, and accordingly, consumer willingness to pay to 
avoid a supply disruption rises more rapidly in the magnitude of the water supply 
disruption in these regions.                      
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6.1 Introduction 
This chapter presents mitigation measures for impacts associated with implementation of the 
proposed program as identified in Chapters 4 and 5 of this PEIR. Chapter 4 identifies impacts that 
would be associated with construction and operation of WSIP facility improvement projects, 
while Chapter 5 identifies impacts that would result from the proposed water supply and system 
operations. In these chapters, the level of significance is indicated for each impact; these 
determinations are one of the following: N/A (not applicable), B (Beneficial, no mitigation 
required), LS (Less than Significant, no mitigation required), PSM/SM (Potentially 
Significant/Significant, can be mitigated to less than significant), LSM (Less than Significant, 
since it would be mitigated with program-level mitigation measures)  PSU/SU (Potentially 
Significant Unavoidable/Significant and Unavoidable, where mitigation would not necessarily 
reduce the impact to less than significant). The significance determinations are based on the 
potential effects of the proposed program as they relate to the significance criteria listed in 
Chapters 4 and 5, with consideration of how SFPUC construction measures and regulatory 
requirements may reduce the severity of the effect. Mitigation measures are then identified for all 
impacts determined to be PSM as well as for impacts determined to be PSU or SU, to the extent 
that any feasible mitigation would be available. The detailed descriptions of all mitigation 
measures are included in this chapter.  

Section 6.2 of this chapter presents the SFPUC construction measures that will be applied to all 
WSIP facility improvement projects; Section 6.3 describes the mitigation measures to minimize 
facilities-related impacts; and Section 6.4 describes the mitigation measures to minimize water 
supply and system operations impacts. All mitigation measures are numbered to correspond to 
impact numbers presented in Chapters 4 and 5; in some cases where the same measure would 
mitigate more than one impact, the measure number corresponds to the first impact identified. In 
a few cases, implementation of the mitigation measures in and of themselves could result in 
additional environmental effects, and therefore, Section 6.5 includes a general description of 
impacts of those mitigation measures. Section 6.6 presents summary tables of all impacts and 
mitigation measures, showing which measures apply to which impact.  

For the facilities-related mitigations, Section 6.3 presents the detailed text of the mitigation 
measures by environmental topic for all PSM/SM and PSU/SU impacts identified in the 
Chapter 4 analysis. The summary tables in Section 6.6 list all impacts analyzed in Chapter 4 and 
provides the mitigation information as applicable to each facility improvement project, including 
the impact statement, the significance determination, applicable SFPUC construction measure, 
PEIR mitigation measure, and regulations that reduce the severity of the impact. For some 
projects, an identified impact would not apply (N/A). For some projects, the impact would be LS 
with implementation of applicable SFPUC construction measures, though in a few cases, the 
identified impact would be LS without implementation of the SFPUC construction measures. For 
impacts determined to be PSM/SM, the mitigation measures described in Section 6.3 must be 
implemented to reduce potentially significant impacts to a less-than-significant level. For impacts 
determined to be PSU or SU, implementation of mitigation measures would still be required, but 
it has been determined that these measures would not reduce the identified impact to a less-than-
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significant level.1 Section 6.3 identifies the appropriate program-level mitigation measures in 
general terms, referred to as “Program Measures,” that would apply to impacts identified for 
individual facilities improvement projects. Section 6.3 also presents “Collective Measures” and 
“Cumulative Measures,” which would reduce collective and cumulative impacts, respectively, 
and would apply to the WSIP by region or as a whole. 

For the water supply/system operations mitigations, Section 6.4 presents the detailed text of the 
mitigation measures by watershed/groundwater basin for all PSM/SM and PSU/SU impacts 
identified in the Chapter 5 analysis. The summary tables in Section 6.6 list all impacts analyzed in 
Chapter 5 together with the significance determinations and the mitigation measures for PSM, 
PSU, and SU impacts. Similar to the facilities impact analysis, for impacts determined to be PSM, 
the mitigation measures described in Section 6.4 must be implemented to reduce potentially 
significant impacts to a less-than-significant level. For impacts determined to be PSU and SU, 
implementation of mitigation measures would still be required, but it has been determined that 
these measures would not reduce the identified impact to a less-than-significant level.2 
Section 6.4 identifies water supply/system operations mitigation measures which apply to the 
WSIP as a whole and are referred to as “System Measures.” 

CEQA Section 15126.4 states that an EIR shall distinguish between the mitigation measures 
which are proposed by project sponsor to be included in the project and the measures that are 
identified in the EIR as proposed by the lead agency. At this time, the SFPUC intends to 
incorporate all mitigation measures presented in this PEIR into the implementation of the WSIP, 
if approved, and therefore all measures are considered to be proposed by the project sponsor 
except in the following cases: 

• If any of the project-level EIRs completed on WSIP facility improvement projects finds a 
different impact determination and deems a PEIR mitigation measures unnecessary 

• If any of the project-level EIRs determines that a project-specific mitigation measure would 
be more appropriate than a PEIR mitigation measure once the impact is more fully 
analyzed with additional project-level details 

In the above cases, the SFPUC may not need to provide mitigation due to less-than-significant 
impact findings, or may chose to implement alternative mitigation measures identified in the 
project-level EIRs. 

                                                      
1 In some cases, a mitigation measure may reduce an impact but because there is no definitive threshold, a less-than-

significant determination cannot be made.  
2 Ibid. 
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6.2 SFPUC Construction Measures 
The following SFPUC standard construction measures apply to all proposed WSIP facility 
improvement projects. The SFPUC standard construction measures are aimed at minimizing 
disruptions to surrounding neighborhoods, resources, and land uses during any SFPUC 
construction, maintenance, or repair activity or project that requires CEQA review. As required 
by the SFPUC, each project must include the SFPUC standard construction measures in the 
construction contract or project implementation procedures, as appropriate.  

Some of the SFPUC standard construction measures may not be appropriate for certain kinds of 
projects, but each of the measures must be addressed, either by explaining why the measure is not 
applicable to the particular site, undertaking the activities listed, or undertaking further 
investigation and developing a more detailed work plan to address the issue.  

1. Neighborhood Notice: The SFPUC will provide reasonable advance notification to the 
businesses, owners and residents of adjacent areas potentially affected by the Water System 
Improvement Program (WSIP) projects about the nature, extent and duration of 
construction activities. Interim updates should be provided to such neighbors to inform 
them of the status of the construction.  

 Where schools would be affected, the SFPUC will coordinate with school facility managers 
to schedule construction for time periods with the least impact on school activities and 
facilities to ensure student safety and to minimize disruption to educational and recreational 
uses of the school property. 

2. Seismic and Geotechnical Studies: Projects will incorporate review of existing information 
and, if necessary, new engineering investigations to provide relevant geotechnical 
information about the particular site and project, including a characterization of the soils at 
the site, and the potential for subsidence and other ground failure. Construction will address 
any recommendations by such geotechnical reports to ensure seismic stability and 
reliability of the proposed project. All SFPUC projects must be designed for seismic 
reliability and minimum potential water loss and property damage. All components of the 
water system improvement program must be designed to continue water service during a 
major earthquake.  

3. On-Site Air and Water Quality Measures during Construction: All construction contractors 
must take measures to minimize fugitive dust and dirt emissions resulting from the 
construction, and implement measures to minimize any construction effects on local air and 
water quality, including a local storm drain system or watercourse. These measures could 
include preparation of a Stormwater Pollution Prevention Plan (SWPPP), if required by the 
California Regional Water Quality Control Board. At a minimum, construction contractors 
should undertake the following measures, as applicable, to minimize any adverse effects:  

• Erosion and sedimentation controls tailored to the site and project 
• Dust control plan 
• Placement of straw rolls around each of the nearby stormwater inlets; 
• Preservation of existing vegetation; 
• Installation of silt fences; 
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• Use of wind erosion control (e.g. – geotextile or plastic covers on stockpiled soil); 
• Sweeping of nearby streets at least once a day; and/or; 
• Stabilization of site ingress/egress locations to minimize erosion. 
• Spraying the disturbed areas of the site, or any stockpiled soil, with water to 

minimize fugitive dust emissions. 

4. Groundwater: If groundwater is encountered during any excavation activities, the 
construction contractor shall prepare a dewatering plan so that water is discharged to the 
stormwater system in compliance with the local standards and discharge permit 
requirements.  

5. Traffic: Each contractor shall prepare a traffic control plan which will minimize the impacts 
on traffic and on-street parking on any streets affected by construction of the proposed 
project. As appropriate, SFPUC or the contractor will consult with local traffic and transit 
agencies. 

6. Noise: The contractor will comply with local noise ordinances regulating construction noise 
to the extent feasible, and will undertake efforts to minimize any noise disruption to nearby 
neighbors and sensitive receptors during construction. 

7. Hazardous Materials: Appropriate measures will be implemented to characterize and 
dispose of hazardous materials should they be encountered during excavation and 
construction. Contract specifications will mandate full compliance will all applicable local, 
state and federal regulations related to the identification, transportation and disposal of 
hazardous materials/soils. As necessary, a spill prevention and countermeasure plan will be 
prepared. 

 A qualified environmental professional will conduct any necessary site assessment. The site 
assessment would include a regulatory database review to identify permitted hazardous 
materials and environmental cases in the vicinity of each project no more than three months 
before construction, and a review of appropriate standard information sources to determine 
the potential for soil or groundwater contamination to occur. Follow-up sampling would be 
conducted as necessary to characterize soil and groundwater quality prior to construction 
and, if needed, site investigations or remedial activities would e performed in accordance 
with applicable laws. The environmental professional would prepare a report documenting 
the activities performed, summarize the results and make recommendations for appropriate 
handling of any contaminated materials during construction. A contingency plan would 
also be prepared identifying measures to be taken should unanticipated contamination be 
identified during construction. Construction contractors will conduct asbestos and lead 
abatement in accordance with established regulations. 

8. Biological Resources: As an initial matter, SFPUC project managers will screen the project 
site and area to determine whether biological resources may be affected by construction 
activities. In the event further investigation is necessary, the SFPUC will comply with all 
requirements for investigation, analysis and protection of biological resources. A qualified 
biologist must conduct any required biological screening survey. The biologist will review 
standard information sources to determine special status species with the potential to occur 
on the project site. The biologist would carry out a site survey by walking or driving over 
the project site, as appropriate, to note the general resources and whether any habitat for 
special-status species is present. The biologist would then document the survey with a brief 
letter report or memo, setting forth the date of the visit, whether habitat for special-status 
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species is present, providing a map or description showing where sensitive areas exist 
within the site, and identifying any appropriate avoidance measures. 

9. Cultural Resources: As an initial matter, SFPUC project managers will screen the project 
site and area to determine whether cultural resources, including archaeological and other 
historical resources, may be affected by construction activities. In the event further 
investigation is necessary, the SFPUC will comply with all requirements for investigation, 
analysis and protection of cultural resources. 

CEQA considers paleontological resources to be "cultural resources." Any screening 
for cultural resources would include screening for archaeological, paleontological and 
historic resources. For projects requiring excavation, deep grading, well drilling or 
tunneling into geologic material at sites identified as having high potential for 
encountering paleontological resources, a state-registered professional geologist or 
qualified professional paleontologist will conduct a site-specific evaluation of the 
paleontological sensitivity. The assessment will include a report of findings for the 
SFPUC. 

A qualified archaeologist, historian or paleontologist will conduct all cultural resources 
survey and screening work. Screening surveys for cultural resources would include a 
cultural resources records search to be conducted at the appropriate office member of 
the California Historical Resources Information System. A field survey will be 
conducted if determined necessary after the cultural resources records search. Any 
impacts on identified cultural resources will be avoided to the extent feasible. 

Any initial historic resource screening will identify historic resources on the project site 
as well as adjacent to the project site. 

It is possible that project work may affect accidentally discovered buried or submerged 
cultural resources. Any contractor must distribute the Planning Department archaeological 
resource “ALERT” sheet to any person involved in soil-disturbing activities. If there is any 
indication of an archaeological or a paleontological resource during the soils disturbing 
activity of the project, the contractor shall immediately suspend any soils disturbing 
activities in the area and notify the SFPUC of such discovery. The SFPUC will then work 
with the Planning Department’s Environmental Review Officer to determine what 
additional measures should be implemented, based on reports from a qualified 
archaeological or paleontological consultant. 

10. Project Site: The SFPUC will conduct construction activities on SFPUC-owned lands to the 
extent feasible and minimize the need for use of non-SFPUC-owned land during 
construction. In cases where construction easement or staging areas are needed on non-
SFPUC land, the SFPUC will restore these areas to their prior condition so that the owner 
may return them to their prior use, unless otherwise arranged with the property owner. The 
site will be maintained to be clean and orderly. Construction staging areas will be sited 
away from public view where possible. Nighttime lighting will be directed away from 
residential areas. 

 Upon project completion, the construction contractor will return the SFPUC project site to 
its general condition before construction, including re-grading of the site and re-vegetation 
of disturbed areas. 
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6.3 Mitigation Measures to Minimize Facilities Impacts 
This section presents all mitigation measures for PSM/SM and PSU/SU impacts described in 
Chapter 4. Mitigation measures for impacts identified in Sections 4.2 through 4.15 are presented 
under the respective environmental resource topic, such as Land Use or Biological Resources. 
Mitigation measures for collective and cumulative impacts (Sections 4.16 and 4.17) are also 
presented under the appropriate environmental resource topic, rather than under a separate 
heading, so that similar measures are grouped together. As stated above, all mitigation measures 
are numbered to correspond to the same impact numbers, although in some cases, the same 
measure would mitigate more than one impact and the numbering corresponds to the first impact 
identified and cross-referenced so that measures are not duplicated.   

6.3.1 Plans and Policies 
None applicable. 

6.3.2 Land Use and Visual Resources  
Program Measures 

Facility Siting Studies 
Measure 4.3-2: It is the policy of the SFPUC to construct and operate its facilities on 
SFPUC-owned lands to the extent feasible. When use of SFPUC-owned land is not 
feasible, and where additional permanent easement or land acquisition is required, the 
SFPUC will conduct project-specific facility siting studies and implement these studies’ 
recommendations to avoid or minimize impacts on existing land uses to the maximum 
extent feasible. Siting studies will identify and evaluate alternative site locations, access 
roads, building configurations and facility operations to minimize or avoid land use 
impacts. The studies will also consider existing and planned land uses on and adjacent to 
proposed facility sites and rights-of-way on non-SFPUC-owned land. To the extent 
feasible, the SFPUC will implement the recommendations in the siting studies. 

Architectural Design 
Measure 4.3-4a: The design of permanent new, above-ground facilities will consider the 
existing visual character of the site and surrounding area, including the visibility of 
facilities and related structures from scenic highways and scenic roads. Structures will be 
designed to incorporate building features and design elements that are compatible with the 
surroundings. 

Landscaping Plans 
Measure 4.3-4b: The SFPUC will prepare and implement landscaping plans to restore 
project sites to their pre-construction condition such that short-term construction 
disturbance does not result in long-term visual impacts. To retain the existing visual 
character of the site and surrounding area, disturbed areas will be recontoured and 
revegetated and recontoured to pre-construction condition. Landscape vegetation will 
include noninvasive, and where possible, native grasses, shrubs, and trees similar to 
existing landscaping. The SFPUC will monitor landscape plantings annually for five years 
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after project completion to ensure that sufficient ground coverage has developed and will 
implement additional measures, such as replanting or modifying irrigation systems, as 
determined necessary. 

Landscape Screens 
Measure 4.3-4c: In addition to revegetation of disturbed areas, the landscaping plans will 
include new plantings and landscape berms to screen views of new structures and 
equipment from scenic roads to the extent possible, provided that such landscaping does 
not affect security of SFPUC facilities. 

Minimize Tree Removal 

Measure 4.3-4d: The SFPUC will minimize or avoid the removal of existing trees that 
currently screen existing and proposed sites of WSIP facilities by modifying the proposed 
alignments of new temporary and permanent roads to the extent feasible. The SFPUC will 
consult with a qualified arborist regarding the minimum buffer zones required to prevent 
root damage to remaining trees and to provide the SFPUC with any necessary maintenance 
requirements for remaining trees. Also, the arborist will develop and assist the SFPUC in 
implementing an appropriate landscaping plan (see Measure 4.3-4b, above), including tree 
replacement, that is compatible with project operation and maintenance. 

Reduce Lighting Effects 

Measure 4.3-5: To the extent possible, all permanent exterior lighting will incorporate 
cutoff shields and non-glare fixture design. All permanent exterior lighting will be directed 
onsite and downward. In addition, new lighting will be oriented to ensure that no light 
source is directly visible from neighboring residential areas and will be installed with 
motion-sensor activation. In addition, highly reflective building materials and/or finishes 
will not be used in the designs for proposed structures, including fencing and light poles. 
Vegetation selected for landscaping will be selected, placed and maintained to minimize 
offsite light and glare in surrounding areas as part of the landscaping plans described in 
Measure 4.3-4b.  

Collective Measures 

Construction Coordination at Irvington Portal 

Measure 4.16-1a: If construction schedules of multiple WSIP projects occurring at and 
near Irvington Portal coincide or overlap, the SFPUC will coordinate with construction 
contractor(s) and neighbors to minimize disturbance of residents in the adjacent 
neighborhood to the extent practicable. Such coordination will need to balance the duration 
of construction with the magnitude of construction-related impacts on the same sensitive 
receptors. 
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6.3.3 Geology, Soils and Seismicity 
Program Measures 

Quantified Landslide Analysis 

Measure 4.4-1: If the screening analysis conducted in accordance with SFPUC 
Construction Measure #2 identifies any landslide hazards, affected WSIP facilities will, to 
the extent feasible, be located away from known landslides, very steep hillsides, 
debris-flow source areas, the mouths of steep sidehill drainages, and the mouths of canyons 
that drain steep terrain. However, where these landslide hazard areas cannot be avoided, a 
more quantified analysis (including a site-specific geologic investigation and a slope 
stability analysis to determine the potential for landsliding) should be performed as part of 
the geotechnical investigation. Recommendations identified in the site-specific 
geotechnical report regarding the potential for landsliding, including appropriate 
construction measures, will be incorporated into the project designs to minimize the 
potential for damage to project facilities. 

Subsidence Monitoring Program 

Measure 4.4-4: As part of the project-specific CEQA review for the New Irvington Tunnel 
(SV-4) and BDPL Reliability Upgrade (BD-1), the SFPUC will analyze the potential for 
ground subsidence to occur during tunneling, and will identify project-specific trigger 
levels that would require corrective action should subsidence occur. As determined to be 
necessary, the tunnel contractor will implement a subsidence monitoring program during 
tunneling to detect subsidence, including measurements of groundwater levels, surface and 
subsurface settlement, ground movement and displacement, and movement in existing 
infrastructure as needed. The SFPUC will implement corrective actions, such as increased 
tunnel support, if measured displacement reaches the specified trigger levels. 

Characterize Extent of Expansive and Corrosive Soil 

Measure 4.4-9: If the screening analysis conducted in accordance with SFPUC 
Construction Measure #2 identifies a potential for expansive or corrosive soils, the site-
specific geotechnical investigation will include a characterization of the presence and 
extent of expansive and corrosive soil at the project facility site. The results and 
recommendations of the investigation will be incorporated into the final project design. 

6.3.4 Surface Water Hydrology and Water Quality 
Program Measures 

Site-Specific Groundwater Analysis and Identified Measures 

Measure 4.5-2: As part of the project-specific CEQA review for the New Irvington Tunnel 
project (SV-4), the SFPUC will inventory springs and wells in the area of the planned 
tunnel and conduct a project-specific analysis of the potential for tunnel dewatering to stop 
or decrease spring flow, lower groundwater levels in nearby wells, or to otherwise cause 
adverse effects on groundwater resources and beneficial uses of the groundwater. If a 
significant impact is identified, then  measures such as altering groundwater withdrawal 
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rates and/or providing an alternate water supply for affected users will be implemented to 
ensure that groundwater resources or beneficial uses are not adversely affected. 

Flood Flow Protection Measures 

Measure 4.5-4a: In construction contract specifications, the SFPUC will require the 
contractor(s) to include, in their erosion control measures or SWPPP prepared for the 
project, a measure prohibiting the stockpiling of soil, storage of hazardous materials, and 
stockpiling of construction materials in flood zones, where practical. Where construction 
would occur in large flood zones, making it impractical to implement this requirement, the 
erosion control measures or SWPPP will include measures for protecting stockpiled soil, 
sources of hazardous materials, and stockpiled construction materials from exposure to 
flood waters. 

Site-Specific Flooding Analysis and Identified Measures 

Measure 4.5-4b: As part of the project-specific CEQA review for the Alameda Creek 
Fishery (SV-1) and New Irvington Tunnel (SV-4) projects, the SFPUC will conduct a site-
specific analysis of the potential for flooding as a result of project implementation. If a dam 
or concrete weir is installed in Alameda Creek under the Alameda Creek Fishery project, 
the analysis will include, at a minimum, the stream flow data and planned design and 
operation of the dam or weir to prevent flooding impacts. For the New Irvington Tunnel 
project, the analysis will include design measures needed to ensure that upstream water 
levels are not affected, bridge abutments are protected from damage due to flood flows and 
would not adversely redirect flood flows, and that bridge pilings are protected from scour.  

Stormwater Treatment and Groundwater Monitoring 
Measure 4.5-5: If treated stormwater is used to augment Lake Merced water levels, the 
project-level CEQA analysis for the Local Groundwater Projects (SF-2) will include 
measures to ensure that use of stormwater does not promote eutrophication of the lake and 
provisions for implementing these measures. The project-level CEQA analysis will also 
evaluate the potential for groundwater quality degradation due to the use of treated 
stormwater to augment lake levels. If necessary, the SFPUC will implement a groundwater 
monitoring program in the vicinity of Lake Merced to monitor for degradation of 
groundwater quality. Monitoring will include water quality sampling for total coliform 
bacteria, total nitrogen, nitrate, nitrite, total organic carbon, parameters for which drinking 
water quality criteria have been established, and any other potential pollutants of concern. 
The project-level CEQA documentation will identify corrective actions that would be 
implemented should groundwater quality degradation be identified, such as additional 
treatment of water used to augment water levels in Lake Merced.  

Appropriate Source Control and Site Design Measures 

Measure 4.5-6: For projects located in areas not covered by a municipal stormwater permit 
and disturbing less than one acre of land during construction, the SFPUC will implement 
appropriate source control and site design measures that 1) minimize the stormwater flow 
rate and quantity to prevent off-site erosion and flooding; and 2) minimize stormwater 
pollutant discharges to the maximum extent possible. These measures will ensure 
compliance with applicable water quality criteria and goals and protect the beneficial uses 
of the receiving water.  
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6.3.5 Biological Resources 
Program Measures 

Wetlands Assessment 

Measure 4.6-1a: As part of project-specific CEQA review, a qualified wetland scientist 
will review project plans, airphotos, and topographic maps and conduct a site visit to 
determine whether wetlands are present and could be affected by the project. If the review 
shows that wetlands could be affected, the wetland scientist will perform a formal wetland 
delineation and develop mitigation as per Measure 4.6-1b, below.  

Compensation for Wetlands and Other Biological Resources 

Measure 4.6-1b: If the wetland delineation indicates that the WSIP project will affect 
jurisdictional wetlands or aquatic resources, then, in accordance with state and federal 
permit requirements, the SFPUC will avoid and minimize direct and indirect impacts such 
as erosion and sedimentation, alteration of hydrology, and degradation of water quality. As 
a first priority, the SFPUC will implement (1) avoidance measures. For unavoidable 
impacts, the SFPUC will implement (2) minimization of unavoidable impacts, 
(3) restoration procedures, and (4) compensatory creation or enhancement to ensure no net 
loss of wetland extent or function. 

In addition to wetlands, the SFPUC will compensate for sensitive riparian and upland 
habitats and habitats which support key special-status species or other species of concern 
lost as a result of WSIP project construction and operation. Similar habitat will be 
identified, protected, restored, enhanced, created and managed off-site3 to ensure no net 
loss of habitat extent or function. For each WSIP project, a qualified biologist will quantify 
the magnitude and extent of impacts to wetlands, sensitive habitats, and key special-status 
species and other species of concern, and the SFPUC will develop and implement 
restoration and/or compensation plans that meet the appropriate regulatory requirements 
and permit conditions with respect to restoration and/or compensation ratios. Compensation 
ratios typically range from a minimum of 1:1 for common habitats to 2:1 or higher for rare 
and sensitive habitats. If individual project requirements of the RWQCB, CDFG, or 
USFWS differ somewhat from these ratios, they are still intended to achieve the same 
purpose of full restoration and/or compensation, to mitigate project impacts to less-than-
significant levels, and to ensure no net reduction in the populations of any species listed as 
threatened or endangered by the state or federal resource agencies. 

The SFPUC will obtain required permits for each project and comply with applicable 
environmental regulations addressing sensitive habitats and species. Compensatory lands, 
including those restored or enhanced as well as those acquired or designated as protected as 
part of program or project mitigation, will be established in perpetuity with a commitment 
that such lands will not be used for any purpose that conflicts with the primary purpose of 
maintaining intact wildlife and plant habitat.  

                                                      
3 Off-site means the compensatory action is located other than within the project construction footprint, but could be 

on lands already under SFPUC ownership. Measure 4.6-2 addresses compensatory actions to be taken within the 
construction footprint.  
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One alternative for implementing off-site habitat compensation is the Habitat Reserve 
Program (HRP) currently being developed by the SFPUC. The purpose of the HRP is to 
provide a comprehensive, coordinated approach to mitigation and related regulatory 
compliance for WSIP projects. This related SFPUC project is described further in 
Chapter 3.0, Section 3.11. Under the proposed HRP, the SFPUC would proceed as soon as 
possible with securing (through designation, management agreement, conservation 
easement, or acquisition of fee title) and improving lands to be used for habitat 
compensation so that mitigation is underway before or concurrent with habitat loss related 
to WSIP project activities, further ensuring no net loss of resources. CEQA environmental 
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review for the proposed HRP will commence in 2007 and is targeted for implementation as 
soon as possible thereafter. Once the HRP is approved and implemented, the SFPUC will 
use this as one vehicle or method for implementing the mitigation requirements for 
individual WSIP projects. Otherwise, where appropriate and necessary, the SFPUC will 
develop and implement appropriate habitat compensation mitigation for individual WSIP 
projects. 

Habitat Restoration/Tree Replacement 

Measure 4.6-2: If the biological screening survey identifies sensitive habitats or heritage 
trees, the following measures, as modified and applied to WSIP projects, will be 
implemented: 

• Temporarily-impacted sensitive habitats (natural communities identified as sensitive 
by CDFG, and USFWS-designated critical habitat) would be restored to their pre-
project condition. 

• If specific trees to be removed are designated as heritage trees (or similar local 
designation), then SFPUC will replace the trees, consistent with requirements in local 
ordinances. If such heritage trees occur near extensive areas of sensitive habitats, 
locally collected, native species will be used as replacement trees where possible. 

• Where possible, the loss of sensitive habitats will be minimized by coordinating 
WSIP projects to make repeated use of staging/construction areas and access roads. 
For example, tunnel spoils could be considered for borrow material for other projects. 

Protection Measures During Construction for Key Special-Status Species and Other 
Species of Concern 

Measure 4.6-3a: The following general practice measures, as modified and applied to the 
WSIP projects, will be implemented if the initial biological screening survey (SFPUC 
Construction Measure #8) indicates the potential for the presence of key special-status 
species and other species of concern: 

• Preconstruction surveys for key special-status species and other species of concern 
will be conducted by a qualified biologist to verify their presence or absence. Surveys 
will occur during the portion of the species’ life cycle when the species is most likely 
to be identified within the appropriate habitat. Key special-status species and other 
species of concern will be avoided during construction when possible. 

• A worker awareness program (environmental education) will be developed and 
implemented to inform project workers of their responsibilities in regards to sensitive 
biological resources. 

• An environmental inspector will be appointed to serve as a contact for issues that 
may arise concerning implementation of mitigation measures, and to document and 
report on adherence to these measures during construction. 

• Loss of habitat will be minimized through the following measures: (1) the number 
and size of access routes and staging areas and the total area of the project activity 
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will be limited to the minimum necessary to achieve the project goal; (2) the 
introduction or spread of invasive non-native plant species and plant pathogens will 
be avoided or minimized by developing and implementing a weed control plan; and 
(3) all areas temporarily disturbed by construction will be revegetated to pre-project 
or native conditions, as specified in project-specific revegetation plans. 

Standard Mitigation Measures for Specific Plants and Animals  

Measure 4.6-3b: Table 6.1 identifies the key special-status species mitigation measures 
that the program analysis indicates would apply to each WSIP project. Measures listed in 
Table 6.2 (listed by species) are generic measures and will be modified to fit site-specific 
conditions and applied to each WSIP project wherever special-status species could be 
affected by the projects. Surveys required under Measure 4.6-3a will refine the list of 
species that could be affected by a project. Table 6.1 is intended as the minimum necessary 
actions. In addition to adopting the generic measures, as more site-specific information is 
available, project-specific CEQA analysis may identify additional measures for key 
special-status species and additional measures for other species. 

Pipeline and Water Treatment Plant Treated Water Discharge Restrictions 

Measure 4.6-4: Planned discharges of regional system water from the WSIP pipelines and 
water treatment plants (such as crossover facilities) to creeks, rivers or other natural water 
bodies will be designed to minimize impacts to riparian and aquatic resources to the extent 
feasible. This will include dechlorination and/or pH adjustment facilities and energy 
dissipation structures that avoid or reduce bank erosion. In addition, the facilities should 
include design features to avoid or minimize temperature effects on aquatic resources; or 
alternatively, whenever possible, planned discharges should be scheduled to occur in the 
winter, when stream flows are high and temperatures low in the receiving waters to avoid 
or minimize temperature effects. 

Collective Measures 

Bioregional Habitat Restoration Measures  

Measure 4.16-4a: Bioregional effects (those beyond the level of individual plants or 
animals and impacts not readily associated with any particular project) could result from 
the collective construction of WSIP facilities and the cumulative effects of implementing 
WSIP projects along with other proposed projects. Combined collective and cumulative 
bioregional effects that will need to be addressed as part of future mitigation efforts include 
the following: 

• Compound impacts on functional units of habitat as WSIP projects simplify 
vegetation structure and increase “edge” (the boundary between two different 
habitats);  

• Increased habitat impacts due to the spread of weedy, non-native plant species; 

• Genetic diversity impacts on small populations that become reduced and isolated by 
development; 
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TABLE 6.1 (SEE MEASURE 4.6-3b) 
MITIGATION MEASURES FOR KEY SPECIAL-STATUS SPECIES 

 
 
 
 
 
 
 
 
 
 

No. 

Project Name 

Notes: 

1. This table is for guidance only and is 
not intended as a complete list of 
mitigations for all projects, which must 
be assessed individually at the project-
specific level. 

2. Standard measure B.4 (general surveys 
for raptors and protection of raptor 
nests) apply to all projects. 
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SJ-1 Advanced Disinfection I.2        RA.1 RA.2   B.1 B.2, 
B.3 M.2 

SJ-2 Lawrence Livermore Supply Improvements I.2      P.3  RA.1 RA.2   B.1 B.2, 
B.3 M.2 

SJ-3 San Joaquin Pipeline System I.2 P.1 I.1, P.2, 
B.5, M.3   F.1   RA.1 RA.2   B.1 B.2, 

B.3 M.2 

SJ-4 Rehabilitation of Existing San Joaquin Pipelines I.2 P.1 I.1, P.2, 
B.5, M.3   F.1   RA.1 RA.2   B.1 B.2, 

B.3 M.2 

SJ-5 Tesla Portal Disinfection Station  I.2        RA.1 RA.2   B.1 B.2, 
B.3 M.2 

SV-1 Alameda Creek Fishery Enhancement   B.5   F.1  RA.1 RA.1 RA.2  RA.4  B.2, 
B.3  

SV-2 Calaveras Dam Replacement   B.5 I.3  F.1  RA.1 RA.1 RA.2  RA.4  B.2, 
B.3  

SV-3 Additional 40-mgd Treated Water Supply   B.5     RA.1 RA.1 RA.2  RA.4  B.2, 
B.3  

SV-4 New Irvington Tunnel   B.5    F.1  RA.1 RA.1 RA.2  RA.4  B.2, 
B.3  

SV-5 SVWTP – New Treated Water Reservoirs   B.5   F.1  RA.1 RA.1 RA.2  RA.4  B.2, 
B.3  

SV-6 San Antonio Backup Pipeline   B.5   F.1  RA.1 RA.1 RA.2  RA.4  B.2, 
B.3  

BD-1 Bay Division Pipeline Reliability Upgrade I.2    
B.6, 
B.7, 
M.1 

F.1   RA.1 RA.2  RA.4  B.2, 
B.3  

BD-2 BDPL Nos. 3 and 4 Crossovers  I.2     F.1   RA.1 RA.2    B.2, 
B.3  

BD-3 Seismic Upgrade of BDPL Nos. 3 and 4 at 
Hayward Fault         RA.1 RA.2    B.2, 

B.3  
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TABLE 6-1 (SEE MEASURE 4.6-3b) (Continued) 
MITIGATION MEASURES FOR KEY SPECIAL-STATUS SPECIES 

 
 
 
 
 
 
 
 
 
 

No. 

Project Name 

Notes: 

1. This table is for guidance only and is 
not intended as a complete list of 
mitigations for all projects, which must 
be assessed individually at the project-
specific level. 

2. Standard measure B.4 (general surveys 
for raptors and protection of raptor 
nests) apply to all projects. 

Suites of Key Special-Status Species Individual Special-Status Species 
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PN-1 Baden and San Pedro Valve Lots Improvements         RA.1 RA.2 RA.3     

PN-2 Crystal Springs/San Andreas Transmission 
Upgrade   B.5      RA.1 RA.2 RA.3     

PN-3 HTWTP Long-Term Improvements                 

PN-4 Lower Crystal Springs Dam Improvements    B.5 I.3, P.4  F.1   RA.1 RA.2 RA.3     

PN-5 Pulgas Balancing Reservoir Rehabilitation         RA.1 RA.2 RA.3     

SF-1 San Andreas Pipeline No. 3 Installation                 

SF-2 Groundwater Projects    P.4, I.3     RA.1  RA.3     

SF-3 Recycled Water Projects    P.4, I.3     RA.1  RA.3     

Note: Project-specific CEQA documents would review recent special-status species lists relevant to the habitats present. 

All codes are defined in Table 6-2. 

Vernal pool invertebrates: 
 Vernal pool fairy shrimp 
 Conservancy fairy shrimp 
 Vernal pool tadpole shrimp 

Salt marsh species: 
 Western snowy plover  
 California clapper rail  
 California black rail  
 Salt marsh harvest mouse  

Fishes: 
 Green sturgeon (San Joaquin Valley only) 
 Chinook salmon 
 Central Valley DPS steelhead 
 Central California Coast DPS steelhead 
 Rainbow trout (Alameda watershed) 

 

Vernal pool species: 
 Succulent owl’s-clover 
 Hoover’s spurge  
 Colusa grass  
 San Joaquin Valley Orcutt grass 
 Hairy Orcutt grass  
 Greene’s tuctoria 

 
Riparian and Reservoir species: 
 Least Bell’s vireo 
 Valley elderberry longhorn beetle  
 Riparian woodrat  
 Delta button-celery 
 Bald eagle 

 
Native grassland species: 
 Bay checkerspot butterfly 
 Callippe silverspot butterfly 
 Fountain thistle (Peninsula) 
 Marin dwarf flax (Peninsula) 
 San Mateo woolly sunflower (Peninsula) 
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TABLE 6-2 (MEASURE 4.6-3b) 
STANDARD PROGRAMMATIC BIOLOGICAL RESOURCES MITIGATION MEASURES 

Biological 
Resource 
Species and Status Standard Mitigation Measures for Specific Plants and Animals 

Invertebrates 
Valley Elderberry 
Longhorn Beetle 
(FT/--) 

I.1: A biological monitor will accompany tree/brush clearing crews. The monitor will flag all 
elderberry shrubs in the tree clearing zone and be present during tree clearing operations in 
the vicinity of flagged shrubs to ensure that elderberry shrubs are not cut. If avoidance is not 
feasible, habitat impacts will be mitigated in accordance with the Programmatic Biological 
Opinion (PBO) for Valley elderberry longhorn beetle, issued by the USFWS Sacramento Field 
Office in 1996. 

Vernal Pool 
Crustaceans 

Vernal pool fairy 
shrimp (FT/--) 

Conservancy fairy 
shrimp (FE/--) 

Vernal pool tadpole 
shrimp (FE/--) 

I.2: Suitable habitat for vernal pool invertebrates will be avoided. If infeasible, impacts will be 
mitigated in accordance with the PBO for vernal pool invertebrates, issued by the USFWS 
Sacramento Field Office in 1995. Surveys may be conducted, with USFWS approval, to establish 
whether or not listed invertebrates are present. 

Bay Checkerspot 
Butterfly (FT/--), 
Callippe Silverspot 
Butterfly (FE/--) 

I.3: Suitable habitat for Bay checkerspot and Callippe silverspot butterflies will be avoided  

Fishes 
Central Valley fall- 
and late-fall run 
DPSChinook salmon 
(FC/--) 

Central Valley DPS 
steelhead (FT/--) 

Green sturgeon 
Southern District 
DPS (FT/--) 

Central Coast DPS 
Steelhead (FT/--) 

Rainbow trout (--/--) 

F1: For construction activity in anadromous fish-bearing streams, a biological monitor with 
appropriate permits  will be present during all construction activities to relocate fish as 
necessary.   

Reptiles and Amphibians 
California 
Red-Legged Frog 
(FT/CSC)  

Foothill yellow-
legged frog 

 (--/CSC) 

RA.1: A PBO for construction impacts on red-legged frog was prepared by the USFWS 
(Federal Register, 1999). The general mitigation measures, above, and the measures listed 
below, are taken largely from the PBO and may be modified by a project-specific BO.  The 
foothill yellow-legged frog has no legal protection under FESA; however, all potential FYLF 
habitat is also considered potential habitat for CRLF and these protection measures would be 
applied in any case. 

• The name and credentials of a biologist qualified to act as a construction monitor will be 
submitted to the USFWS for approval at least 15 days prior to commencement of work. 

• The USFWS-approved biologist will survey the site two weeks prior to the onset of work 
activities and immediately prior to commencing work. If frog adults, tadpoles, or eggs are 
found, the approved biologist will contact the USFWS to determine whether relocating any 
life stages is appropriate. 

• If worksites require dewatering, the intakes will be screened with a maximum mesh size of 
5 millimeters. 

• The USFWS-approved biologist will remove and destroy from within the project area any 
individuals of non-native species, such as bullfrogs, crayfish, and centrarchid fishes, to the 
maximum extent possible.  
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STANDARD PROGRAMMATIC BIOLOGICAL RESOURCES MITIGATION MEASURES 
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Biological 
Resource 
Species and Status Standard Mitigation Measures for Specific Plants and Animals 

Reptiles and Amphibians (cont.) 
California Tiger 
Salamander 
(FT/CSC) 

RA.2: In addition to measures described for California red-legged frog, which would serve to 
protect California tiger salamander, the following measures will minimize adverse effects to 
California tiger salamander. 

• A preconstruction survey will be conducted at each site to identify suitable burrow 
aestivation areas. Aestivation habitat will be defined as the presence of two or more small 
mammal burrows greater than 1 inch in diameter within a 10-foot-diameter area and within 
10 feet of proposed construction sites (i.e., the presence of a single isolated gopher hole 
would not be considered habitat). As feasible within the context of the work area, 
aestivation areas will be temporarily fenced and avoided. 

• At locations where aestivation burrows are identified and cannot be avoided, aestivation 
burrows will be excavated by hand prior to construction and individual animals moved to 
natural burrows or artificial burrows constructed of PVC pipe within 0.25 mile of the 
construction site. 

• To ensure compliance with these measures and minimize California tiger salamander take, 
a qualified biological monitor will be present during all construction operations at locations 
with suitable aestivation burrows. Construction sites where potential habitat has been 
identified will be surveyed by a qualified biologist for California tiger salamander. Surveys 
would be appropriately timed with respect to salamander activity and proposed construction 
activities. 

• Surveys would include drift fences and pitfall traps within construction sites to identify and 
relocate animals. Following removal of individuals, construction areas will be fenced with 
temporary silt fencing. 

San Francisco 
Garter Snake 
(FE/CE/CP) 

RA.3: San Francisco garter snake is a California fully protected species, and incidental taking 
must be avoided. Therefore, in addition to measures RA.1 and RA.2, above, for construction 
activities in occupied habitat the work area will be fenced with frog- and snake-proof mesh 
fence, or 4- x 8-foot plywood panels joined lengthwise, with escape funnels to allow egress, 
but not access, by San Francisco garter snake. 

Alameda Whipsnake 
(FT/CT) 

RA.4: Construction-related impacts on individual Alameda whipsnakes will be minimized 
and/or avoided through the development and implementation of an Alameda whipsnake 
protection and monitoring plan, to be approved by the USFWS during informal consultation 
under FESA. Protective measures outlined in RA.1 will apply to all areas of known or potential 
habitat for Alameda whipsnake. In addition, it will include: 

• Sites within Alameda whipsnake habitat will be hand-cleared, or a qualified biologist will do 
surveys and relocate the snake immediately prior to equipment clearing.  

• Activities that could harm or harass Alameda whipsnake will be avoided or minimized.  

• Upland habitats used by Alameda whipsnake will be restored as feasible, and lost habitat 
will be compensated according to an agreed-upon ratio. 

Birds 
Swainson’s Hawk 
(FSC/CT) 

B.1: To avoid disrupting nesting Swainson’s hawks, construction activities at known nesting 
locations will occur prior to the nesting season (March 1 through September 15). Alternatively, 
if construction activities take place during the nesting season, a qualified biologist will conduct 
a preconstruction survey no more than two weeks before the start of construction and report 
whether or not there are nesting Swainson’s hawks within 1,320 feet of any project (access 
permitting). If there are nesting Swainson’s hawks within the 1,320-foot buffer areas, 
construction will be delayed until the CDFG has been consulted to determine suitable 
avoidance measures. A potential avoidance measure may include delaying all construction 
activity within 1,320 feet of an active Swainson’s hawk nest until the adult and/or juvenile 
hawks are no longer using the nest as the center of their activity. 
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TABLE 6-2 (MEASURE 4.6-3b) (Continued) 
STANDARD PROGRAMMATIC BIOLOGICAL RESOURCES MITIGATION MEASURES 
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Biological 
Resource 
Species and Status Standard Mitigation Measures for Specific Plants and Animals 

Birds (cont.) 
Western Burrowing 
Owl (FSC/CSC) 

B.2: No more than two weeks before construction, a survey for burrows and burrowing owls will 
be conducted by a qualified biologist within 500 feet of the project (access permitting). The survey 
will conform to the protocol described by the California Burrowing Owl Consortium (1995), which 
includes up to four surveys on different dates if there are suitable burrows present. 

B.3: If occupied owl burrows are found within the survey area, a determination will be made by a 
qualified biologist, in consultation with the CDFG, as to whether or not work will affect the 
occupied burrows or disrupt reproductive behavior. 

If it is determined that construction will not affect occupied burrows or disrupt breeding behavior, 
construction will proceed without any restriction or mitigation measures. 

If it is determined that construction will affect occupied burrows during August through February, 
the subject owls will be passively relocated from the occupied burrow(s) using one-way doors. 
There will be at least two unoccupied burrows suitable for burrowing owls within 300 feet of the 
occupied burrow before one-way doors are installed. Artificial burrows will be in place at least 
one-week before one-way doors are installed on occupied burrows. One-way doors will be in 
place for a minimum of 48 hours before burrows are excavated. 

If it is determined that construction will physically affect occupied burrows or disrupt reproductive 
behavior during the nesting season (March through July), then avoidance is the only mitigation 
available. Construction will be delayed within 300 feet of occupied burrows until it is determined 
that the subject owls are not nesting or until a qualified biologist determines that juvenile owls are 
self-sufficient or are no longer using the natal burrow as their primary source of shelter. 

Raptors  
including bald eagle 
(FD/CE/CFP) 

B.4: Raptor nests:  

• In consultation with CDFG and USFWS trees with unoccupied raptor nests (stick nests or 
cavities) may only be removed prior to March 1, or following the nesting season. 

• A survey to identify active nests will be conducted by a qualified biologist no more than two 
weeks before the start of construction at project sites from February 1 through July 30.  

• Construction activities within 0.5 mile of an active bald eagle nest may not occur between 
February 1 and July 31. 

• Active raptor nests located within 500 feet of the project will be mapped, to the extent 
allowed by access. 

• If an active raptor nest is found within 500 feet of the project, a determination will be made 
by a qualified biologist, in consultation with the CDFG, as to whether or not construction 
work will affect the active nest or disrupt reproductive behavior. 

• If it is determined that construction will not affect an active nest or disrupt breeding 
behavior, construction will proceed without any restriction or mitigation measure. 

• If it is determined that construction will affect an active raptor nest or disrupt reproductive 
behavior, then avoidance is the only mitigation available. Construction will be delayed within 
300 feet of such a nest until a qualified biologist determines that the subject raptors are not 
nesting or until any juvenile raptors are no longer using the nest as their primary day and 
night roost. 

Least Bell’s vireo 
(FE/CE) 

B.5: Protection for least Bell’s vireos depend principally on seasonal avoidance of habitat during 
the nesting season and protection of suitable habitat. To avoid working during the active breeding 
season, construction activities in suitable habitat (dense willows [Salix sp.], mulefat [Baccharis 
glutinosa], or California wild rose [Rosa californica] may not proceed until July 15 unless 
approved by the USFWS and CDFG, as appropriate. 

California Black Rail 
(FE/CE), California 
Clapper Rail 
(FSC/CT/CFP) 

B.6: When working within 100 feet of salt or brackish marshland (e.g., the BDPL Reliability 
Upgrade, BD-1), presume presence for either species during the period from February 1 to 
August 31, and schedule construction to begin no earlier than September 1 and end no later 
than January 31.  
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STANDARD PROGRAMMATIC BIOLOGICAL RESOURCES MITIGATION MEASURES 
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Biological 
Resource 
Species and Status Standard Mitigation Measures for Specific Plants and Animals 

Birds (cont.) 
Western Snowy 
Plover (FT/CSC) 

B.7: When project activities are in or adjacent to suitable habitat (e.g., portions of the BDPL 
Reliability Upgrade, BD-1) no earlier than September 1 and no later than January 31, no 
measures are necessary; however, between March 15 and August 31 the following will be 
observed: 

• A qualified biologist will conduct preconstruction surveys two weeks and one week before the 
start of work. If western snowy plovers or their nests are not observed, then the project activity 
may proceed; or 

• If a western snowy plover is observed within a 50-foot perimeter of the location of the 
construction activity two weeks or one week before, a qualified biologist will observe the 
activities of the bird(s) to determine if nesting behavior is exhibited. If either nesting behavior 
or a nest is observed within a 50-foot perimeter of the location of the activity, then the activity 
will be delayed until either nesting is abandoned or completed.  

Mammals 
Salt Marsh Harvest 
Mouse (FE/CE/CFP) 

M.1: When project activities are in or adjacent to suitable habitat (e.g., portions of the BDPL 
Reliability Upgrade, BD-1), vehicles will be confined to existing roads where possible, and 
disturbed areas will be revegetated with brackish marsh species. Crews will use matting, 
pontoon boards, or other comparable methods whenever feasible to minimize impacts on 
vegetation. The placement of mats will be verified by a qualified biologist before their 
placement to minimize habitat impacts. Crews will work exclusively from mat boards and 
boardwalks to minimize the trampling of vegetation. A qualified biologist will be available 
during the course of the maintenance work. In situations where habitat is to be permanently 
disturbed, project-specific take avoidance measures (such as fencing and trapping to exclude 
salt marsh harvest mouse) will be developed, since the mouse is a California fully protected 
species, and incidental taking must be avoided. 

San Joaquin Kit Fox 
(FE/CT) 

M.2: The following reasonable and prudent measures will be followed to avoid direct or indirect 
project-related disturbances and impacts on San Joaquin kit fox. Prior to the commencement 
of construction activities, a qualified biologist will survey for potential kit fox dens within the 
area to be disturbed and will photograph, mark, and map the dens. Disturbance of all known 
San Joaquin kit fox dens will be avoided. Limited destruction of potential dens may be allowed, 
provided the following procedures are implemented: 

• Potential dens occurring within the construction area will be monitored for three days with 
tracking medium or an infrared beam camera to determine current usage. If no kit fox 
activity is observed during this period, the den would be destroyed immediately to preclude 
subsequent use. If kit fox activity is observed, the den will be considered a known den. 

• Project-related vehicles will observe a 20-mph speed limit in habitat areas except as posted 
on county roads and state and federal highways. Off-road traffic outside the designated 
project area will be prohibited. 

• To prevent accidental entrapment of kit fox or other animals during construction, all 
excavated or deep-walled holes or trenches greater than 2 feet will be covered at the end of 
each workday by plywood or similar materials, or provided with escape routes constructed 
of earth fill or wooden planks. Before such holes are filled they will be thoroughly inspected 
for trapped animals.  

• Kit foxes are attracted to den-like structures such as pipes and may enter stored pipe and 
become trapped or injured. All construction pipes, culverts, or similar structures with a 
diameter of 4 inches or greater that are stored at construction sites for one or more 
overnight periods will be thoroughly inspected for kit foxes before the pipe is subsequently 
buried, capped, or otherwise used or moved in any way. 



6. Mitigation Measures 
 

TABLE 6-2 (MEASURE 4.6-3b) (Continued) 
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Biological 
Resource 
Species and Status Standard Mitigation Measures for Specific Plants and Animals 

Mammals (cont.) 
Riparian Woodrat 
(FE/CSC) 

 

M.3: If construction will involve surface disturbance or vegetation removal in riparian habitat in 
the San Joaquin Region, a biologist will carry out a preconstruction survey to determine the 
presence or any signs of riparian woodrat, such as stick nests. Such areas will be avoided if 
feasible. If avoidance is not feasible, a protection and monitoring plan will be developed and 
approved by the USFWS during formal consultation under FESA. 

Plants 

Vernal Pool Plants 

Succulent Owl’s-
Clover ((FE/CE) 

Hoover’s Spurge 
(FT/--) 

Colusa Grass 
(FT/CE) 

San Joaquin Valley 
Orcutt grass (FT/CE) 

Greene’s Tuctoria 
(FE/CR) 

Hairy Orcutt Grass 
(FE/CE) 

P.1: The avoidance measures for vernal pool crustaceans will also apply to vernal pool 
special-status plants. Surveys to ascertain presence are highly recommended, and if first-year 
surveys occur during unusually low rainfall conditions, a second year of surveys, if possible, 
will help to establish whether avoidance measures are needed. 

Riparian Plants 

Delta button-celery 
(FSC/CE) 

P.2: The state endangered Delta button-celery occurs on clay soils on the sparsely vegetated 
margins of seasonally flooded floodplains and swales. Periodic flooding maintains the species’ 
habitat through sustenance of seasonal wetlands and reduction of competition due to scouring. 
If a population of this species is located in an area proposed for construction, the preferred 
action is to avoid it if possible. The CDFG might allow salvage and restoration of the site, since 
this is a species that depends on ongoing disturbance to maintain its habitat. However, such 
strategies generally involve several years of treatment and post-treatment monitoring, so the 
simplest approach is to avoid impacts if possible. 

Large-Flowered 
Fiddleneck (FE/CE) 

P.3: Surveys for large-flowered fiddleneck will be carried out at an appropriate time of year for 
projects located within the known range of the species (Corral Hollow and hills immediately to 
the west). Any populations found will be avoided. An approved biological monitor will be 
present during all surface clearing activities. 

San Mateo Woolly 
Sunflower (FE/CE), 
Marin Western Flax 
(FT/CT) Fountain 
thistle (FE/CE) 

P.4: Surveys for San Mateo woolly sunflower, fountain thistle and Marin western flax will be 
carried out at an appropriate time of year for projects located within the known range of the 
species. Any populations found will be avoided. An approved biological monitor will be present 
during all construction activities. A plan will be developed to protect populations located along 
Crystal Springs and Polhemus Roads where project-related construction vehicle traffic will occur. 
Where populations cannot be avoided, salvage of plants or seed will be implemented, along with 
a program to compensate for losses. 

 
 
Status Codes: FE-Federal Endangered; FT-Federal Threatened; FC-Federal Candidate; FSC-Federal Species of Concern. FD-Federal 

Delisted; CE-California Endangered; CT-California Threatened; CR-California Rare; CFP-California Fully Protected 
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• Impacts on wildlife movement due to habitat fragmentation; 

• Suppression of natural disturbance regimes (e.g., fire, flood) as projects are 
constructed, operated, and maintained; and 

• Reduced population recovery opportunities from stochastic events (e.g., random 
events such as disease). 

When implementing habitat compensation mitigation required for individual WSIP facility 
projects, the SFPUC shall do so in a manner that addresses the above bioregional effects 
and includes the following conservation principles: 

• The parcels are either contiguous with other areas of relatively undisturbed habitat or 
are themselves large enough to support most of the species associated with the 
habitat;  

• The distribution of mitigation lands will allow movement of plants and animals 
between them or from them to habitats otherwise conserved (e.g. as described in The 
Wilderness Society, 2001); and 

• Implementation of habitat compensation mitigation for individual WSIP facility 
projects will be combined and implemented through a coordinated program with 
other mitigation efforts, such as through the Habitat Reserve Program (HRP), and 
shall meet these standards:  

- Long-term management of these lands stipulates maintaining natural 
disturbance regimes (e.g., through prescribed burning); 

- Long-term control actions for non-native species are applied; and  

- Contingencies are considered which address sharing biological materials and 
information with other conservation land stewards.4  This might include 
restoring suitable sites with plants brought from another protected area once a 
weed infestation has been brought under control, or animal relocation if done 
strictly for the purpose of genetic diversity or recovery, and with the approval 
of the regulatory agencies. 

Coordination of Construction Staging and Access 

Measure 4.16-4b: When construction schedules for WSIP projects affecting the same areas 
overlap, the SFPUC will coordinate construction contractor(s) to the extent practicable to 
minimize surface disturbance associated with access roads, laydown areas, and staging 
areas. 

                                                      
4 For example, the California Department of Parks and Recreation (CDPR), East Bay Regional Parks District 

(EBRPD), and  the Midpeninsula Regional Open Space District (MROSD). 
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6.3.6 Cultural Resources  
Program Measures 

Suspend Construction Work if Paleontological Resource is Identified 

Measure 4.7-1: This mitigation measure builds on SFPUC Construction Measure # 9 for 
cultural resources, which requires that construction work will be suspended immediately if 
there is any indication of a paleontological resource. When a paleontological resource 
(fossilized invertebrate, vertebrate, plant or micro-fossil) is discovered at any of the project 
sites, an appointed representative of the SFPUC will notify a qualified paleontologist, who 
will document the discovery as needed, evaluate the potential resource, and assess the 
significance of the find under the criteria set forth in Section 15064.5 of the CEQA 
Guidelines. When a fossil is found during construction, excavations within 50 feet of the 
find will be temporarily halted or diverted until the discovery is examined by a qualified 
paleontologist, in accordance with Society of Vertebrate Paleontology standards (SVP 
1995, 1996). The paleontologist will notify the SFPUC to determine procedures to be 
followed before construction is allowed to resume at the location of the find. If the SFPUC 
determines that avoidance is not feasible, the paleontologist will prepare an excavation plan 
for mitigating the effects of the project. 

Archaeological Testing, Monitoring, and Treatment of Human Remains  

Measure 4.7-2a: SPFUC Construction Measure #9 for cultural resources requires that a 
pre-construction screening be conducted by a qualified archaeologist. Based on the results 
of this screening, the Environmental Review Officer (ERO) shall determine if 
implementation of an archaeological testing or archaeological monitoring program or both 
is the appropriate strategy for avoidance of potential adverse effects to significant 
archaeological resource. For those projects that require a federal permit and compliance 
with the NHPA, Section 106, the ERO will review the SHPO-approved requirements in the 
permit conditions and consider protective approaches that limit undue duplication of 
efforts. 

Archaeological Testing Program. The archaeological consultant shall prepare and submit to 
the ERO for review and approval an archaeological testing plan (ATP). The archaeological 
testing program shall be conducted in accordance with the approved ATP. The ATP shall 
identify the property types of the expected archaeological resource(s) that potentially could be 
adversely affected by the proposed project, the testing method to be used, and the locations 
recommended for testing. The purpose of the archaeological testing program will be to 
determine to the extent possible the presence or absence of any expected archaeological 
resources and to identify and to preliminarily evaluate the integrity and significance of the 
resource. 

At the completion of the archaeological testing program, the archaeological consultant shall 
submit a written report of the findings to the ERO. If based on the archaeological testing 
program the archaeological consultant finds that significant archaeological resources may 
be present, the ERO in consultation with the archaeological consultant shall determine if 
additional measures are warranted. Additional measures that may be undertaken include 
additional archaeological testing, archaeological monitoring, preparation of an 
archaeological research design and treatment plan, or an archaeological data recovery 
program.  
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Archaeological Monitoring Program. The archaeological consultant shall prepare and 
submit to the ERO for review and approval an archaeological monitoring plan (AMP). The 
archaeological monitoring program shall be conducted in accordance with the approved 
AMP. The AMP shall specify what project activities in areas sensitive for buried resources 
shall be archaeologically monitored. Project activities that may require monitoring may 
include the installation of pipelines and crossover facilities and certain soils-altering 
activities such as grading and access road construction associated with construction or 
improvement of water storage facilities. The archaeological monitoring program shall 
include the following:  

• All project contractors shall be advised to be on the alert for evidence of the presence 
of the expected resource(s), of how to identify the evidence of the expected 
resource(s), and of the appropriate protocol in the event of apparent discovery of an 
archaeological resource; 

• The archaeological monitor(s) shall be present on the project site according to a 
schedule agreed upon by the archaeological consultant and the ERO until the ERO 
has, in consultation with project archaeological consultant, determined that project 
construction activities are unlikely to have effects on significant archaeological 
deposits; 

• The archaeological monitor shall record and be authorized to collect soil samples and 
artifactual/ecofactual material as warranted for analysis; 

• If an intact archaeological deposit is encountered, all soils-disturbing activities within 
the area specified in the AMP of the deposit shall cease. The archaeological monitor 
shall be empowered to temporarily redirect demolition/excavation/pile 
driving/construction activities and equipment until the deposit is evaluated. The 
archaeological consultant shall immediately notify the ERO of the encountered 
archaeological deposit. The archaeological consultant shall make a reasonable effort 
to assess the identity, integrity, and significance of the encountered archaeological 
deposit, and present the findings of this assessment to the ERO. 

Whether or not significant archaeological resources are encountered, the archaeological 
consultant shall submit a written report of the findings of the monitoring program to the 
ERO. 

Additional Requirements: the following requirements, as applicable, are requisite in 
implementation of either an archaeological testing or monitoring program. 

Archaeological Data Recovery Program. The archaeological data recovery program shall 
be conducted in accord with an archaeological data recovery plan (ADRP). The 
archaeological consultant, project sponsor, and ERO shall meet and consult on the scope of 
the ADRP prior to preparation of a draft ADRP. The archaeological consultant shall submit 
a draft ADRP to the ERO. The ADRP shall identify how the proposed data recovery 
program will preserve the significant information the archaeological resource is expected to 
contain. That is, the ADRP will identify what scientific/historical research questions are 
applicable to the expected resource, what data classes the resource is expected to possess, 
and how the expected data classes would address the applicable research questions. Data 
recovery, in general, should be limited to the portions of the historical property that could 
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be adversely affected by the proposed project. Destructive data recovery methods shall not 
be applied to portions of the archaeological resources if nondestructive methods are 
practical. 

The scope of the ADRP shall include the following elements: 

• Field Methods and Procedures. Descriptions of proposed field strategies, procedures, 
and operations. 

• Cataloguing and Laboratory Analysis. Description of selected cataloguing system 
and artifact analysis procedures. 

• Discard and Deaccession Policy. Description of and rationale for field and post-field 
discard and deaccession policies.  

• Interpretive Program. Consideration of an on-site/off-site public interpretive program 
during the course of the archaeological data recovery program. 

• Security Measures. Recommended security measures to protect the archaeological 
resource from vandalism, looting, and non-intentionally damaging activities. 

• Final Report. Description of proposed report format and distribution of results. 

• Curation. Description of the procedures and recommendations for the curation of any 
recovered data having potential research value, identification of appropriate curation 
facilities, and a summary of the accession policies of the curation facilities. 

Human Remains and Associated or Unassociated Funerary Objects. The treatment of 
human remains and of associated or unassociated funerary objects discovered during any 
soils disturbing activity shall comply with applicable State laws. This shall include 
immediate notification of the coroner of the county within which the project is located and 
in the event of the coroner’s determination that the human remains are Native American 
remains, notification of the California State Native American Heritage Commission 
(NAHC) who shall appoint a Most Likely Descendant (MLD) (Pub. Res. Code 
Sec. 5097.98). The archaeological consultant, project sponsor, and MLD shall make all 
reasonable efforts to develop an agreement for the treatment of, with appropriate dignity, 
human remains and associated or unassociated funerary objects (CEQA Guidelines. 
Sec. 15064.5(d)). The agreement should take into consideration the appropriate excavation, 
removal, recordation, analysis, custodianship, curation, and final disposition of the human 
remains and associated or unassociated funerary objects. State law allows 24 hours to reach 
agreement on these matters. If the MLDs do not agree on the reburial method, the Project 
will follow Section 5097.98(b) of the California Public resources code which states, “the 
landowner or his or her authorized representative shall reinter the human remains and items 
associated with Native American burials with appropriate dignity on the property in a 
location not subject to further subsurface disturbance.” 

Final Archaeological Resources Report. The archaeological consultant shall submit a Draft 
Final Archaeological Resources Report (FARR) to the ERO that evaluates the historical 
significance of any discovered archaeological resource and describes the archaeological 
and historical research methods employed in the archaeological testing/monitoring/data 
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recovery program(s) undertaken. Information that may put at risk any archaeological 
resource shall be provided in a separate removable insert within the final report. Once 
approved by the ERO, copies of the FARR shall be distributed as follows: the relevant 
California Historical Resources Information System Information Center shall receive one 
(1) copy and the ERO shall receive a copy of the transmittal of the FARR to the 
Information Center. The Major Environmental Analysis division of the Planning 
Department (MEA) shall receive three copies of the FARR along with copies of any formal 
site recordation forms (CA DPR 523 series) and/or documentation for evaluation under 
National Register of Historic Places/California Register of Historical Resources criteria. 
The SFPUC shall receive copies of the FARR as requested in number. In instances of high 
public interest in or the high interpretive value of the resource, the ERO may require a 
different final report content, format, and distribution than that presented above. 

Accidental Discovery Measures 

Measure 4.7-2b: SFPUC Construction Measure # 9 for cultural resources requires that 
construction activities be suspended immediately if there is any indication of an 
archaeological resource. 

To avoid any potential adverse effect from the proposed project on accidentally discovered 
buried or submerged historical resources as defined in CEQA Guidelines Section 
15064.5(a)(c), the project sponsor shall distribute the Planning Department archaeological 
resource “ALERT” sheet to the project prime contractor; to any project subcontractor 
(including demolition, excavation, grading, foundation, pile driving, etc. firms); or utilities 
firm involved in soil disturbing activities within the project site. Prior to any soil disturbing 
activities being undertaken, each contractor is responsible for ensuring that the “ALERT” 
sheet is circulated to all field personnel including, machine operators, field crew, pile 
drivers, supervisory personnel, etc. The project sponsor shall provide the Environmental 
Review Officer (ERO) with a signed affidavit from the responsible parties (prime 
contractor, subcontractor(s), and utilities firm) to the ERO confirming that all field 
personnel have received copies of the “ALERT” sheet. 

If the ERO determines that an archaeological resource may be present within the project 
site, the project sponsor shall retain the services of a qualified archaeological consultant. 
The archaeological consultant shall advise the ERO as to whether the discovery is an 
archaeological resource, retains sufficient integrity, and is of potential 
scientific/historical/cultural significance. If an archaeological resource is present, the 
archaeological consultant shall identify and evaluate the archaeological resource. The 
archaeological consultant shall make a recommendation as to what action, if any, is 
warranted. Based on this information, the ERO may require, if warranted, specific 
additional measures to be implemented by the project sponsor. 

Measures might include: preservation in situ of the archaeological resource; an 
archaeological monitoring program; or an archaeological testing program. If an 
archaeological monitoring program or archaeological testing program is required, it shall be 
consistent with the MEA guidelines for such programs. The ERO may also require that the 
project sponsor immediately implement a site security program if the archaeological 
resource is at risk from vandalism, looting, or other damaging actions. 
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The project archaeological consultant shall submit a Final Archaeological Resources 
Report (FARR) to the ERO that evaluates the historical significance of any discovered 
archaeological resource and describing the archaeological and historical research methods 
employed in the archaeological monitoring/data recovery program(s) undertaken. 
Information that may put at risk any archaeological resource shall be provided in a separate 
removable insert within the final report. Once approved by the ERO, copies of the FARR 
shall be distributed as follows: the relevant California Historical Resources Information 
System Information Center shall receive one (1) copy and the ERO shall receive a copy of 
the transmittal of the FARR to the Information Center. The MEA shall receive three copies 
of the FARR along with copies of any formal site recordation forms (CA DPR 523 series) 
and/or documentation for nomination to the National Register of Historic Places/California 
Register of Historical Resources. The SFPUC shall receive copies of the FARR as 
requested in number. In instances of high public interest in or the high interpretive value of 
the resource, the ERO may require a different final report content, format, and distribution 
than that presented above. 

Protection of Historic Districts  

Measure 4.7-3: The city’s water system facilities affected by WSIP facility projects will be 
assessed by a qualified historian for their potential contribution to an historic district, 
following the guidelines identified under Impact 4.7-3. To qualify as an historic district, 
each resource within that potential district would need to be reliant upon the other resources 
within the district to be historically significant. Impacts on one resource within the potential 
district may or may not affect the others, and this conclusion would determine the ultimate 
significance of the impact.  

If an historic district would be affected by one or more proposed WSIP facility projects, the 
SFPUC, in consultation with the ERO, will develop mitigation measures for effects with 
attention to the potential district as a whole, with utmost effort made to maintain the 
district’s function, appearance, cohesive site organization, and ability to convey historic 
significance. Appropriate measures may also include but not be limited to: refinement of 
facility sites to minimize effects on district appearance and site organization as well as 
visual screening efforts to reduce the impact of adding new facilities or otherwise 
modifying the landscape.  

Should an historic district be identified at the project level, it should be recorded as such, 
using the four National/California Register criteria of significance to explain its historical 
importance as a cohesive group of resources. The district should be documented by 
completing the State of California Department of Parks and Recreation 523 forms, using a 
523D (District) form as an umbrella record to unify the 523A (Primary Record) and 523B 
(Building, Structure, Object) forms completed for each individual resource within the 
potential district, and submitting them to SHPO. 

Alternatives Identification and Resource Relocation  

Measure 4.7-4a: If a project proposes to demolish or remove a historical resource, 
including individual historic resources and/or historic districts, the SFPUC will attempt to 
identify feasible project alternatives that eliminate or reduce the need for demolition or 
removal to the greatest extent possible. The SFPUC will pursue and implement these 
project alternatives to the extent feasible, consistent with the goals and objectives of the 
WSIP.  
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Relocation of a resource will always be preferable to demolition, although relocation might 
not mitigate impacts to a less-than-significant level. If preservation of the affected 
historical resource at the current site is determined to be infeasible, the structure shall, if 
feasible, be stabilized and relocated to other nearby sites appropriate to their historic setting 
and general environment. This may not be possible in some cases, like in the replacement 
of Calaveras Dam (if it were identified as a historical resource for the purposes of CEQA).  
After relocation, the resource shall be treated according to preservation, rehabilitation, or 
restoration standards, as appropriate, that follow the Secretary of the Interior’s Standards. 
This will ensure that the building, structure, object, site, or district retains historic integrity 
and its historic significance (Measure 4.7-4c). If the affected historical resource can neither 
be preserved at its current site nor moved to an alternative site and is to be demolished, the 
SFPUC shall consult with local historical societies and governmental agencies regarding 
salvage of materials from the affected historical resource for public information or reuse in 
other locations. Demolition may proceed only after any significant historic features or 
materials have been identified, preserved (as feasible), and their removal completed. 

Representative features such as aqueduct/pipe sections, valves subject to replacement, 
decorative elements, or plaques/inscriptions from buildings or other portions of structures 
demolished as a part of the WSIP projects could be preserved and displayed. Most of these 
types of structures are of sufficient size that they would form “monumental” commemorative 
structures. For example, an original pipeline valve replaced by modern equipment might be 
mounted and displayed on publicly accessible SFPUC property with informative placards. 
Such displays, if located in other jurisdictions, might be subject to those jurisdiction’s 
requirements related to public art, safety, and liability considerations. 

Historical Resources Documentation 

Measure 4.7-4b: Documentation of a historical resource, including resources identified as 
contributors to a historic district or as individually significant, prior to demolition or 
removal is a standard mitigation measure. Such documentation is often tied to meeting the 
documentation standards of the Historic American Buildings Survey/Historic American 
Engineering Record (HABS/HAER). The publication Recording Historic Structures: 
Historic American Buildings Survey/Historic American Engineering Record (Burns, 1989) 
provides four levels of documentation corresponding to the level of importance of the 
historic resource to be documented. For the purpose of this PEIR, the standards for 
photography in Documentation Levels III and IV have been modified to allow for the use 
of digital photographs instead of large-format negatives. 

Documentation Level I: 

1. Drawings: a full set of measured drawings depicting existing or historic conditions. 
2. Photographs: photographs with large-format negatives of exterior and interior views; 

photocopies with large-format negatives of select existing drawings or historic views 
where available. Photographs would follow the HABS/HAER Photographic 
Specifications. 

3. Written data: history and description. 

Documentation Level II: 

1. Drawings: select existing drawings, where available, should be photographed with 
large-format negatives or photographically reproduced on Mylar. 
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2. Photographs: photographs with large-format negatives of exterior and interior views, 
or historic views, where available. Photographs would follow the HABS/HAER 
Photographic Specifications. 

3. Written data: history and description. 

Documentation Level III: 

1. Drawings: sketch plan. 
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2. Photographs: digital photographs of exterior and interior views.  

3. Written data: architectural data form. 

Documentation Level IV: 

1. Drawings: sketch plan. 

2. Photographs: digital photographs of exterior and interior views. 

3. HABS/HAER inventory cards. 

Digital photography will follow the standards in the National Register of Historic Places 
and National Historic Landmarks Survey, Photo Policy Expansion, March 2005 
(Table VV). Digital image files would be burned to archival-quality disks, such as the 
eFilm Archival Gold CD-R or DVD-R; or MAM-A Mitsui Gold Archive CD-R or DVD-R.  

The SFPUC will prepare, or retain a consultant to prepare, documentation of historical 
resources prior to any construction work associated with demolition or removal. The 
appropriate level of documentation will be selected by a qualified professional who meets 
the standards for history, architectural history, and/or architecture (as appropriate) set forth 
by the Secretary of the Interior (Secretary of the Interior’s Professional Qualification 
Standards, 36 CFR 61) in consultation with a preservation specialist assigned by the San 
Francisco Planning Department and the local jurisdiction if deemed appropriate by the 
Planning Department. In addition to the four levels of documentation listed above, salvage 
and/or interpretive display may also be required if determined appropriate. The professional 
in history, architectural history and/or architecture (as appropriate) will prepare the 
documentation and submit it for review and approval by the Planning Department’s 
preservation specialist. One set of the documentation will be archived at each of the 
following repositories: San Francisco Planning Department, SFPUC, the History Room of 
the San Francisco Public Library and the Water Resources Center Archive at the University 
of California Berkeley. Additional dissemination of documentation to local historical 
societies or historic preservation organizations may be appropriate.  The San Francisco 
Planning Department will identify additional appropriate recipients of historical 
documentation during the project-level analysis. 

Secretary of the Interior’s Standards for Treatment of Historic Properties 

Measure 4.7-4c: Compliance with the Secretary of the Interior’s Standards for the 
Treatment of Historic Properties would reduce potential impacts associated with the 
alteration or modification of a historical resource (including historic districts and 
individually eligible resources) to a less-than-significant level. (In accordance with CEQA 
Section 15064.5(b)(3), a project that follows the Secretary of the Interior’s Standards for 
the Treatment of Historic Properties with Guidelines for Preserving, Rehabilitating, 
Restoring, and Reconstructing Historic Buildings or the Secretary of the Interior’s 
Standards for Rehabilitation and Guidelines for Rehabilitating Historic Buildings is 
generally considered to have impacts of a less-than-significant level.)  

The SFPUC will prepare materials describing and depicting the proposed project, including 
but not limited to plans, drawings, and photographs of existing conditions (digital, 
following the standards in Measure 4.7-4a as well as proposed project plans, drawings, 
specifications, and description). Prepared materials will be submitted to the San Francisco 
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Planning Department. The Planning Department will review the proposed project, for 
compliance with the Secretary of the Interior’s Standards for the Treatment of Historic 
Properties.  

If a project is determined to be inconsistent with the Secretary of the Interior’s Standards 
for the Treatment of Historic Properties, the SFPUC will pursue and implement redesign of 
the project to the extent feasible, consistent with the goals and objectives of the WSIP, such 
that consistency with the standards is achieved.  

Historic Resources Survey and Redesign 

Measure 4.7-4d: The SFPUC will undertake a historic resources survey within a 
designated area of potential effect that encompasses the proposed project to identify and 
evaluate potential historical resources, including districts, which may exist within or 
partially within the project’s study area or area of potential effect. The survey will be 
conducted by a qualified professional who meets the Secretary of the Interior’s 
Professional Qualification Standards for architectural history, history, or architecture (36 
CFR 61). 

If a survey identifies one or more historical resources in the projects’ study area, or area of 
potential effect (i.e. historically significant resources), the qualified professional will then 
assess the impact the project may have on those historical resources.  If the project will 
cause a substantial adverse change to a historical resource, the SFPUC will prepare 
materials describing and depicting the proposed project, including but not limited to plans, 
drawings, and photographs of existing conditions (digital, following the standards in 
Measure 4.7-1a) as well proposed project plans, drawings, specifications, and description. 
Prepared materials will be submitted to the San Francisco Planning Department. The San 
Francisco Planning Department will assign a preservation specialist to review the proposed 
project, for compliance with the Secretary of the Interior’s Standards for the Treatment of 
Historic Properties.  

If a project is determined to be inconsistent with the Secretary of the Interior’s Standards 
for the Treatment of Historic Properties, the SFPUC will pursue and implement redesign of 
the project to the extent feasible, consistent with the goals and objectives of the WSIP, such 
that consistency with the standards is achieved. 

Historic Resources Protection Plan 

Measure 4.7-4e: A qualified historian will prepare a plan that specifies procedures for 
protecting historical resources and a monitoring method to be employed by the contractor 
while working near these resources. At a minimum, the plan will address the operation of 
construction equipment near adjacent historical resources, storage of construction materials 
away from adjacent resources, and education/training of construction workers about the 
significance of the historical resources. 

Preconstruction Surveys and Vibration Monitoring 

Measure 4.7-4f: If vibration-related impacts could impact historical resources, one or more 
geotechnical investigations by a California-licensed geotechnical engineer will be included 
as part of the proposed project. The SFPUC and its contractors will follow the 
recommendations of the final geotechnical reports regarding any excavation and 
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construction for the project. The SFPUC will ensure that the construction contractor 
conducts a preconstruction survey of existing conditions and monitors the adjacent 
buildings for damage during construction, if recommended by the geotechnical engineer. 
Any preconstruction surveys and construction monitoring would include the services of a 
professional meeting the Secretary of the Interior’s Professional Qualification Standards 
for architecture. 

6.3.7 Traffic, Transportation, and Circulation  
Program Measures 

Traffic Control Plan Measures 

Measure 4.8-1a: SFPUC Construction Measure #5 for traffic requires each contractor to 
prepare a traffic control plan to minimize traffic and on-street parking impacts on any 
streets affected by construction of the proposed program. SFPUC and construction 
contactor(s) will prepare and implement a traffic control plan, and coordinate with Caltrans 
and local jurisdictions, as appropriate, for affected roadways and intersections. Each project 
may require the implementation of different measures, depending on the project’s site-
specific construction details, the characteristics of the transportation network, and daily and 
peak hour vehicle, pedestrian and bicycle volumes. As applicable, elements of the traffic 
control plan could include, but are not necessarily limited to, the following:  

• Circulation and detour plans will be developed to minimize impacts on local street 
circulation. Flaggers and/or signage will be used to guide vehicles through and/or 
around the construction zone. 

• Truck routes designated by cities and counties will be identified in the traffic control 
plan. Haul routes that minimize truck traffic on local roadways and residential streets 
will be utilized to the extent possible. 

• Sufficient staging areas will be provided for trucks accessing construction zones to 
minimize disruption of access to adjacent land uses, particularly at entries to onsite 
pipeline construction within residential neighborhoods. 

• Access to driveways and private roads will be maintained by using steel trench 
plates. If access must be restricted for brief periods, property owners will be notified 
in advance. 

• Construction vehicle movement will be controlled and monitored through the 
enforcement of standard construction specifications by onsite inspectors. 

• Along major arterials, truck trips will be scheduled outside of the peak morning and 
evening commute hours to the extent possible. 

• Lane closures will be limited during peak hours to the extent possible. Outside of 
allowed working hours or when work is not in progress, roads will be restored to 
normal operations, with all trenches covered with steel plates. 
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• Where possible, pipeline construction work in roadways will be limited to a width 
that, at a minimum, maintains alternate one-way traffic flow past the construction 
zone. Parking may be prohibited if necessary to facilitate construction activities or 
traffic movement. If the work zone width will not allow a 10-foot-wide paved travel 
lane, then the road will be closed to through-traffic (except emergency vehicles), and 
detour signing on alternative access roads will be used. 

• Pedestrian and bicycle access and circulation will be maintained during project 
construction where safe to do so. If construction activities encroach on a bicycle lane, 
warning signs will be posted that indicate bicycles and vehicles are sharing the lane. 

• Detours will be included for bicycles and pedestrians in all areas potentially affected 
by project construction. 

• All equipment and materials will be stored in designated contractor staging areas on 
or adjacent to the worksite, in such a manner to minimize obstruction of traffic. 

• Locations will be identified for parking by construction workers, either within the 
construction zone or, if necessary, at a nearby location with transport provided 
between the parking location and the worksite. 

• Roadside safety protocols will be implemented. Advance “Road Work Ahead” 
warning signs and speed control (including signs informing drivers of state-legislated 
double fines for speed infractions in a construction zone) will be provided to achieve 
required speed reductions for safe traffic flow through the work zone. 

• Construction will be coordinated with facility owners or administrators of sensitive 
land uses such as police and fire stations (including all fire protection agencies), 
transit stations, hospitals, and schools. Facility owners or operators will be notified in 
advance of the timing, location, and duration of construction activities and the 
locations of detours and lane closures. 

• Construction will be coordinated with local transit service providers, including 
temporary relocation of bus routes or bus stops in work zones as necessary. 

• Roadway right-of-ways will be repaired or restored to their original conditions or 
better upon completion of construction. 

• To the extent applicable, the traffic control plan will conform to the California 
Manual on Uniform Traffic Control Devices for Streets and Highways: Part 6 
Temporary Traffic Control and Caltrans’ 2006 Standard Plans. 

Coordination of Individual Traffic Control Plans 

Measure 4.8-1b: To the extent that the adopted SFPUC Construction Measure #5 does not 
contain such provisions already, or the provisions are not required for a project as a result 
of local encroachment or right-of-way permit conditions, the contract specifications for 
individual contracts within a single WSIP project will include the following: 

• In the event that more than one construction contract is issued for work along 
existing or new pipelines, and where construction could occur within and/or across 
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multiple streets in the same vicinity, the SFPUC and construction contractor(s) will 
coordinate the traffic control plans in order to mitigate the impact of traffic 
disruption. The coordinated plan will include measures that address overlapping 
construction schedules and activities, truck arrivals and departures, lane closures and 
detours, and the adequacy of on-street staging requirements.  

Accommodation of Displaced Public Parking Supply for Recreational Visitors  

Measure 4.8-4: Due to the potential displacement of designated parking areas where 
limited parking is available for adjacent public uses, traffic control plans prepared as part of 
SFPUC Construction Measure #5 and Measure 4.8-1a will include an additional measure to 
accommodate any anticipated visitor parking demand that would be displaced by proposed 
projects at public recreational facilities. 

Collective Measures 

SFPUC WSIP Projects Construction Coordinator 

Measure 4.16-6a: Due to the potential for overlapping project activities and construction 
vehicles to affect travel within and across the five regions, the SFPUC will identify a 
qualified construction coordinator responsible for coordinating the project-specific traffic 
control plans developed as part of Measure 4.8-1a, and for developing a public information 
campaign (e.g., internet website, radio and newspaper updates) to inform the public of 
construction activities, detour routes, and alternate routes. Throughout the seven-year 
construction schedule for the WSIP projects, the SFPUC construction coordinator will 
work with local and regional agencies to pursue additional traffic mitigation measures to 
minimize local and regional traffic impacts and will incorporate these measures into the 
project-specific traffic control plans, as appropriate.  

Combined San Joaquin Traffic Control Plan 

Measure 4.16-6b: Due to the potential for overlapping project schedules in the San 
Joaquin Region near Tesla Portal, the SFPUC will develop [or the SFPUC’s construction 
contractor(s) will be required to develop] a San Joaquin Traffic Control Plan that 
coordinates the project-specific traffic control plans developed as part of Measure 4.8-1a 
and identifies additional measures to minimize the combined impacts of multiple WSIP 
project construction traffic on I-580, Chrisman Road, and Vernalis Road. As applicable, 
these measures will be developed consistent with the standards of San Joaquin County, 
Stanislaus County, and Caltrans and could include: 

• Additional traffic control devices, such as traffic signals at key intersections 
providing access to local roadways and land uses  

• Additional traffic control personnel at key locations to facilitate vehicular traffic flow 
during peak periods of truck activity 

• Adjustments in truck arrival and departure schedules for the various facilities (e.g., 
staggering departures) 
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Combined Sunol Valley Traffic Control Plan 

Measure 4.16-6c: Due to the potential for overlapping project schedules in the Sunol Valley 
Region as well as for construction traffic to use Calaveras Road as an access route to all 
projects sites, the SFPUC or its construction contractor(s) will develop a Sunol Valley Traffic 
Control Plan that coordinates the project-specific traffic control plans developed as part of 
Measure 4.8-1a and identifies additional measures to minimize the impacts of construction 
traffic on Calaveras Road and I-680. As applicable, these measures will be developed 
consistent with the standards of Alameda County and Caltrans and could include: 

• Additional traffic control devices, such as traffic signals at key intersections 
providing access to local roadways and land uses. Traffic signals could facilitate 
access onto Calaveras Road at intersections and also allow for gaps in truck traffic 
flow to facilitate access from driveways along Calaveras Road. 

• Additional traffic control personnel at key locations to facilitate vehicular traffic flow 
during peak periods of truck activity. 

• Adjustments in truck arrival and departure schedules for the various facilities (e.g., 
staggering departures). 

• Public information regarding periods when construction traffic on Calaveras Road 
would be greatest. 

• Working with Caltrans to determine if warning signs, such as a “Slow Trucks” sign 
(California Code W51), would be appropriate to inform drivers that slow-moving 
trucks may interfere with the flow of traffic on I-680. 

Cumulative Measures 

SFPUC WSIP Projects Construction Coordinator – Other Agencies  

Measure 4.17-6: As required in Measure 4.8-1, contractors will be required to submit 
traffic control plans to the SFPUC, and in Measure 4.16-6a, the SFPUC will be required to 
identify a WSIP construction coordinator who will be responsible for coordinating the 
project-specific traffic control plans. The SFPUC WSIP construction coordinator will also 
consider the effects of any traffic generated by SFPUC maintenance activities and other 
SFPUC projects (as listed in Tables 4.17-1 through 4.17-6). The SFPUC WSIP 
construction coordinator will also coordinate with Caltrans, other county agencies, and 
local jurisdictions responsible for reviewing and/or approving the construction of other 
identified private and public development projects (as listed in Tables 4.17-1 through 
4.17-6) so as to minimize traffic impacts on local access roads, particularly local streets 
where sensitive receptors (e.g., schools, residences, or hospitals) are located.  
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6.3.8 Air Quality 
Program Measures 

SJVAPCD Dust Control Measures 

Measure 4.9-1a: In the San Joaquin Region, the SJVAPCD has determined that 
compliance with the following Regulation VIII (Fugitive PM10 Prohibitions) and 
Regulation IX (Mobile and Indirect Sources, Rule 9510, where applicable) control 
measures would mitigate PM10 impacts to a less-than-significant level. The SFPUC will 
include these measures, where applicable, in contract specifications: 

SJVAPCD Basic Control Measures (applies to all construction sites) 

• All disturbed areas, including storage piles, that are not being actively utilized for 
construction purposes, shall be effectively stabilized of dust emissions using water, 
chemical stabilizer/suppressant, covered with a tarp or other suitable cover, or 
vegetative ground cover. 

• All onsite unpaved roads and offsite unpaved access roads shall be effectively 
stabilized of dust emissions using water or chemical stabilizer/suppressant. 

• All land clearing, grubbing, scraping, excavation, land leveling, grading, cut and fill, 
and demolition activities shall be effectively controlled of fugitive dust emissions 
utilizing application of water or by presoaking. 

• When materials are transported offsite, all material shall be covered, or effectively 
wetted to limit visible dust emissions, and at least 6 inches of freeboard space from 
the top of the container shall be maintained. 

• All operations shall limit or expeditiously remove the accumulation of mud or dirt 
from adjacent public streets at the end of each workday. The use of dry rotary 
brushes is expressly prohibited except where preceded or accompanied by sufficient 
wetting to limit the visible dust emissions. Use of blower devices is expressly 
forbidden. 

• Following the addition of materials to, or the removal of materials from, the surface 
of outdoor storage piles, said piles shall be effectively stabilized of fugitive dust 
emissions utilizing sufficient water or chemical stabilizer/suppressant. 

• Within urban areas, trackout shall be immediately removed when it extends 50 or 
more feet from the site and at the end of each workday. 

• Any site with 150 or more vehicle trips per day shall prevent carryout and trackout. 

SJVAPCD Enhanced Control Measures (also applies when required to mitigate significant 
PM10 impacts) 

• Traffic speeds on unpaved roads shall be limited to 15 mph. 

• Sandbags or other erosion control measures shall be installed to prevent silt runoff to 
public roadways from sites with a slope greater than 1 percent. 
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SJVAPCD Additional Control Measures (also applies to construction sites that are large in 
area, located near sensitive receptors, or which for any other reason warrant additional 
emissions reductions) 

• Wheel washers shall be installed for all exiting trucks, or all trucks and equipment 
leaving the site shall be washed off. 

• Wind breaks shall be installed at windward side(s) of construction areas. 

• Excavation and grading activity shall be suspended when winds exceed 20 mph and, 
regardless of windspeed, an owner/operator must comply with Regulation VIII’s 
20 percent opacity limitation. 

• The area subject to excavation, grading, and other construction activity at any one 
time shall be limited. 

SJVAPCD Rule 9510, Indirect Source Review, Section 6.1, Construction Equipment 
Emissions (applies to any project subject to discretionary approval by a public agency that 
ultimately results in the construction of a new building, facility, or structure or 
reconstruction of a building, facility, or structure for the purpose of increasing capacity or 
activity and also involving 9,000 square feet of space). 

• 6.1.1: The exhaust emissions for construction equipment greater than fifty (50) 
horsepower used or associated with the development project shall be reduced 
by the following amounts from the statewide average as estimated by the 
ARB: 

– 6.1.1.1: 20% of the total NOx emissions, and 
– 6.1.1.2: 45% of the total PM10 exhaust emissions. 

• 6.1.2: An applicant may reduce construction emissions on-site by using less-
polluting construction equipment, which can be achieved by utilizing add-on 
controls cleaner fuels, or newer lower emitting equipment. 

• 6.3: The requirements listed in Section 6.1 above can be met through any 
combination of on-site emission reduction measures or off-site fees.  

SJVAPCD Exhaust Control Measures 

Measure 4.9-1b: To limit exhaust emissions within the San Joaquin Region, the SJVAPCD 
specifies the following exhaust controls for heavy-duty equipment (scrapers, graders, 
trenchers, earthmovers, etc.). The SFPUC will include these measures, where applicable, in 
contract specifications: 

• Alternative-fueled or catalyst-equipped diesel construction equipment shall be used. 

• Idling time (e.g., 10-minute maximum) shall be minimized. 

• The hours of operation of heavy-duty equipment and/or the amount of equipment in 
use shall be limited. 
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• Fossil-fueled equipment shall be replaced with electrically driven equivalents 
(provided they are not run via a portable generator set). 

• Construction shall be curtailed during periods of high ambient pollutant 
concentrations; this may include ceasing construction activity during the peak hour of 
vehicular traffic on adjacent roadways. 

• Activity management (e.g., rescheduling activities to reduce short-term impacts) shall 
be implemented. 

BAAQMD Dust Control Measures  

Measure 4.9-1c: In the Sunol Valley, Bay Division, Peninsula, and San Francisco Regions, 
the BAAQMD has determined that implementation of the following control measures 
would mitigate PM10 impacts to a less-than-significant level. The SFPUC will include 
these measures, where applicable, in contract specifications: 

BAAQMD Basic Control Measures (applies to all construction sites) 

• All active construction areas shall be watered at least twice daily. 

• All trucks hauling soil, sand, and other loose debris shall be covered or all trucks 
shall be required to maintain at least 2 feet of freeboard on public roads. 

• All unpaved access roads, parking areas, and staging areas at construction sites shall 
either be paved, watered three times daily, or nontoxic soil stabilizers shall be 
applied. 

• All paved access roads, parking areas, and staging areas at construction sites shall be 
swept daily (with water sweepers). 

• If visible soil material is carried onto adjacent public streets, adjacent streets shall be 
swept daily (with water sweepers). 

BAAQMD Enhanced Control Measures (also applies to sites over four acres) 

• All inactive construction areas (previously graded areas inactive for 10 days or more) 
shall be hydroseeded or nontoxic soil stabilizers shall be applied. 

• Exposed stockpiles (dirt, sand, etc.) shall be enclosed, covered, and watered, or 
nontoxic soil binders shall be applied. 

• As feasible, traffic speeds on unpaved roads shall be limited to 15 mph. 

• Sandbags or other erosion control measures shall be installed to prevent silt runoff to 
public roadways. 

• Disturbed areas shall be replanted as quickly as possible. 
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BAAQMD Optional Control Measures (also applies to construction sites that are large in 
area, located near sensitive receptors, or which for any other reason warrant additional 
emissions reductions) 

• Wheel washers shall be installed for all exiting trucks, or all trucks and equipment 
leaving the site shall be washed off. 

• Wind-breaks or trees/vegetative wind-breaks shall be installed at windward side(s) of 
construction areas. 

• Excavation and grading activity shall be suspended when winds exceed 25 mph. 

• The area subject to excavation, grading, and other construction activity at any one 
time shall be limited. 

BAAQMD Exhaust Control Measures  

Measure 4.9-1d: To limit exhaust emissions within the Sunol Valley, Bay Division, 
Peninsula, and San Francisco Regions, the SFPUC will implement the following exhaust 
controls, where applicable: 

• Grid power will be used instead of diesel generators at all construction sites where it 
is feasible to connect to grid power. While it may not be practical to connect to grid 
power for pipeline projects (since construction sites keep moving along the 
alignments), grid power shall be used for projects with fixed locations, such as tunnel 
entry and exit shafts/portals. 

• All WSIP contracts specifications shall include Sections 2480 and 2485, Title 13, 
California Code of Regulations, which limit the idling of all diesel-fueled 
commercial vehicles (weighing over 10,000 pounds, both California- or 
non-California-based trucks) to 30 seconds at a school or five minutes at any 
location. In addition, the use of diesel auxiliary power systems and main engines 
shall be limited to five minutes when within 100 feet of homes or schools while the 
driver is resting. 

• All WSIP contracts specifications shall include Section 93115, Title 17, California 
Code of Regulations, Airborne Toxic Control Measure for Stationary Compression 
Ignition Engines, which specifies fuel and fuel additive requirements; emission 
standards for operation of any stationary, diesel-fueled, compression-ignition 
engines; and operation restrictions within 500 feet of school grounds when school is 
in session. 

• A schedule of low-emissions tune-ups shall be developed and such tune-ups shall be 
performed on all equipment, particularly for haul and delivery trucks. A log of 
required tune-ups shall be maintained and a copy of the log shall be submitted to the 
SFPUC on a monthly basis for review.  

• Low-sulfur fuels shall be used in all stationary and mobile equipment. 

Health Risk Screening or Use of Soot Filters 

Measure 4.9-2a: If truck volumes associated with a particular project along a particular 
haul route exceed 40,000 truck trips over the entire construction period, a health risk 
screening will be completed. If a potentially significant impact is indicated, a site-specific 
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health risk assessment (HRA) will be completed for the project. Any subsequent project-
level analysis will consider DPM emission rates at the time of construction since emission 
rates are expected to decline in the future. Based on the site-specific HRA, a mitigation 
program will be developed implementing one or more the following methods of reducing 
DPM emission or exposure to a less-than-significant level: 

• Modify haul routes to reduce exposure. 

• Require use of biodiesel fuel, which reduces DPM emissions. 

• Require new construction equipment to be utilized. Newer construction equipment is 
far cleaner than old equipment. 

• Require that the vehicle fleet include trucks with soot filters (particulate traps) within 
the equipment fleet. 

• Temporarily vacate affected receptors. 

• Any other effective means of reducing DPM emissions or exposure. 

Vacate SFPUC Land Managers’ Residences in Sunol Valley 

Measure 4.9-2b: The two SFPUC Land Managers’ residences in the Sunol Valley will be 
vacated during construction of the Calaveras Dam (SV-2) or Treated Water Reservoirs 
(SV-5) projects. Alternatively, a health risk screening could be completed to determine 
health risks at these residences from either of these two projects. If a potentially significant 
impact is indicated, a health risk assessment will be completed, and measures will be 
implemented, as set forth in Measure 4.9-2a. 

Tunnel Gas Odor Control 

Measure 4.9-3: For any projects that would require a tunnel ventilation system, if 
hydrogen sulfide gas or any other odorous gases (including diesel exhaust) are encountered 
during tunnel excavation and become a nuisance odor problem (i.e., odor complaints are 
received), water scrubbers will be added to the ventilation system and appropriate 
chemicals will be added to remove the nuisance odors.  

Collective Measures 

Dust and Exhaust Control Measures for All WSIP Projects  

Measure 4.16-7a: Measures 4.9-1a through 4.9-1d requires specific projects to implement 
dust and exhaust control measures. To address collective construction-related air quality 
impacts, these measures will be required for all WSIP projects as applicable and required 
by SJVAPCD and BAAQMD.  

Health Risk Screening or Use of Soot Filters for All Projects in the San Joaquin and 
Sunol Valley Regions  

Measure 4.16-7b: Measure 4.9-2a requires specific projects to either conduct a health risk 
assessment or use soot filters to reduce DPM emissions associated with haul trucks. To 
address collective DPM impacts, this measure will be required for all WSIP projects in the 
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San Joaquin and Sunol Valley Regions. This measure would only apply in the Sunol Valley 
Region if, under Measure 4.9-2b, the SFPUC elects not to vacate the two SFPUC Land 
Managers’ residences in the Sunol Valley. If this requirement is applied to the New 
Irvington Tunnel project (SV-4), it shall be applied to both the Sunol Valley and Fremont 
tunnel portals, taking into account truck traffic from other WSIP projects in the vicinity of 
both portals. 

Vacate SFPUC Land Managers’ Residences for All Projects in the Sunol Valley 
Region 

Measure 4.16-7c: Measure 4.9-2b requires the two SFPUC Land Managers’ residences in 
the Sunol Valley to be vacated during construction of the Calaveras Dam (SV-2) and 
Treated Water Reservoirs (SV-5) projects. Alternatively, a health risk screening could be 
completed to determine health risks at these residences. If a potentially significant impact is 
indicated, a health risk assessment will be completed. To address collective DPM impacts, 
this measure will be required for all WSIP projects in the Sunol Valley Region. 

6.3.9 Noise and Vibration 
Program Measures 

Noise Controls 

Measure 4.10-1a: SFPUC Construction Measure #6 for noise requires compliance with 
local noise ordinances to the extent feasible. Many of these ordinances restrict hours when 
construction can occur, but do not specify noise limits for construction noise. For most 
projects, the SFPUC will conduct construction activities during the daytime hours to the 
extent feasible. However, if nighttime construction cannot be avoided, noise generated by 
these activities will be required to comply with applicable noise ordinance nighttime limits 
or not exceed 50-dBA sleep interference criterion (with windows open at night) to the 
extent feasible. 

To ensure that construction noise impacts are mitigated to a less-than-significant level, all 
WSIP projects located within 500 feet of any noise-sensitive receptors (e.g., residences, 
schools, childcare centers, churches, hospitals, and nursing homes) will be required to 
implement appropriate noise controls to reduce daytime construction noise levels to meet 
the 70-dBA daytime speech interference criterion to the extent feasible. For nighttime 
construction, all WSIP projects located within 3,000 feet of any noise-sensitive receptors 
will be required to implement appropriate noise controls to maintain noise levels at or 
below any applicable ordinance nighttime noise limits or the 50-dBA nighttime sleep 
interference criterion to the extent feasible. Such controls could include any of the 
following, as appropriate: 

• Best available noise control techniques (including mufflers, intake silencers, ducts, 
engine enclosures, and acoustically attenuating shields or shrouds) will be used for all 
equipment and trucks in order to minimize construction noise impacts. If feasible, 
construction equipment noise will not exceed the mitigated noise levels listed in 
Table 4.10-4 (see measure below for limits on impact equipment). 

• If impact equipment (e.g., jack hammers, pavement breakers, and rock drills) is used 
during project construction, hydraulically or electric-powered equipment will be used 
wherever feasible to avoid the noise associated with compressed-air exhaust from 
pneumatically powered tools. However, where use of pneumatically powered tools is 
unavoidable, an exhaust muffler on the compressed-air exhaust will be used (a 
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• muffler can lower noise levels from the exhaust by up to about 10 dBA). External 
jackets on the tools themselves will be used, where feasible, which could achieve a 
reduction of 5 dBA. Quieter procedures, such as drilling rather than impact 
equipment, will be used whenever feasible.  

• Pile holes will be pre-drilled wherever feasible to reduce potential noise and vibration 
impacts. Where feasible, sonic or vibratory pile drivers will be used instead of impact 
pile drivers (sonic pile drivers are only effective in some soils). 

• Pile driving activities shall be prohibited during the evening and nighttime hours 
(7 p.m. to 7 a.m.). 

• Operation of equipment requiring use of back-up beepers will be avoided near 
sensitive receptors to the extent feasible during nighttime hours (10 p.m. to 7 a.m.). 

• Stationary noise sources will be located as far from sensitive receptors as feasible. If 
they must be located near receptors, adequate muffling (with enclosures where 
feasible and appropriate) will be used to ensure local noise ordinance limits are met 
to the extent feasible. Enclosure opening or venting will face away from sensitive 
receptors. If any stationary equipment (e.g., ventilation fans, generators, dewatering 
pumps) is operated beyond the time limits specified by the pertinent noise ordinance, 
this equipment will conform to the affected jurisdiction’s pertinent day and night 
noise limits to the extent feasible. 

• Material stockpiles as well as maintenance/equipment staging and parking areas will 
be located as far as feasible from residential and school receptors. 

• Wherever feasible, pipeline alignments will be located at least 100 feet away from 
sensitive receptors. 

• Where pipeline construction zones are within 100 feet of school classrooms or 
childcare facilities, pipeline construction activities (or at least the noisier phases of 
construction) will be scheduled on weekend or school vacation days to the extent 
feasible, avoiding weekday hours when schools are in session. If construction must 
occur when school is in session, interior noise levels in classrooms will not exceed 
60 dBA if possible to avoid speech interference problems, which would allow for a 
maximum exterior noise level of 70 to 80 dBA, depending on whether windows are 
open or closed.  

• Given the long duration of construction activities at tunnel shafts/portals and 
proposed nighttime activities, tunnel-related construction activities will be designed 
to comply with nighttime noise limits specified in local noise ordinances. Measures 
that could be implemented to comply with these limits include: using quiet 
ventilation fans (pure tone components of fan noise will be considered), using line 
power instead of generators, erection of temporary sound barriers, restricting heavy 
equipment operation during the nighttime hours, using nonmetallic containers in the 
muck removal system to prevent clanging/banging noises, limiting controlled 
detonations in the tunnel shaft/portal vicinities to the daytime hours, retrofitting 
windows/doors of affected homes, and/or prohibiting use of backup alarms on 
equipment during the nighttime hours.  
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• Where controlled detonation activities will occur, surrounding cities and residents 
should be notified of the blasting schedule, indicating the time range when blasting 
could occur (hours and duration). 

• Proposed jack-and-bore pits will be located as far from sensitive receptors as 
technically feasible. If ventilation fans, dewatering pumps, or generators are required 
as part of this type of pipeline crossing, such equipment will comply with daytime 
and nighttime noise limits specified in pertinent noise ordinances to the extent 
feasible (also see Measure 4.9-1d in Section 4.9, Air Quality, for additional 
restrictions on generator operation). 

• Wherever necessary, temporary or permanent noise barriers will be erected to 
maintain construction noise levels at or below the 70-dBA daytime speech 
interference criterion and the 50-dBA nighttime sleep interference criterion. 

• A designated project liaison will be responsible for responding to noise complaints 
during the construction phases. The name and phone number of the liaison will be 
conspicuously posted at construction areas and on all advanced notifications. This 
person will take steps to resolve complaints, including periodic noise monitoring, if 
necessary. Results of noise monitoring will be presented at regular project meetings 
with the project contractor, and the liaison will coordinate with the contractor to 
modify any construction activities that generated excessive noise levels to the extent 
feasible. 

• A reporting program will be required for each project that documents complaints 
received, actions taken to resolve problems, and effectiveness of these actions. 

Vacate SFPUC Caretaker’s Residence at Tesla Portal 

Measure 4.10-1b: The SFPUC caretaker’s residence at Tesla Portal will be vacated during 
construction of the Advanced Disinfection (SJ-1) and Tesla Portal Disinfection (SJ-5) 
projects as well as those portions of the SJPL System (SJ-3) and SJPL Rehabilitation (SJ-4) 
projects located at Tesla Portal. 

Limit Hourly Truck Volumes 

Measure 4.10-2a: In addition to SFPUC Construction Measure #6 for noise, which requires 
compliance with local noise ordinances to the extent feasible, haul and delivery truck routes 
for all WSIP projects will avoid local residential streets and will follow local designated 
truck routes to the extent feasible. Total project-related haul and delivery truck volumes on 
any particular haul truck route will be limited to 80 trucks per hour. 

Restrict Truck Operations 

Measure 4.10-2b: Haul and delivery trucks will be prohibited from operating within 
200 feet of any residential uses during the nighttime hours (10 p.m. to 7 a.m.). If there are 
receptors, but they are beyond 200 feet from the haul route, limited truck operations will be 
allowed during the more sensitive nighttime hours, but noise generated by these operations 
cannot exceed the 50-dBA sleep interference criterion at the closest receptors. If trucks 
must operate during these hours and residential uses are located within 200 feet of the haul 
route, deliveries will be made to staging areas outside residential areas, then transferred to 
the construction site during daytime hours (7 a.m. to 7 p.m.). 
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Vacate SFPUC Land Manager’s Residence 

Measure 4.10-2c: To minimize nighttime noise impacts, the SFPUC Land Manager’s 
residence adjacent to Alameda East Portal will be vacated during off-site truck operations 
associated with the New Irvington Tunnel project (SV-4), if truck operations occur during 
the nighttime hours (10 p.m. to 7 a.m.) and are estimated to exceed the 50-dBA sleep 
interference criterion at this residence.  

Vibration Controls to Prevent Cosmetic or Structural Damage 

Measure 4.10-3a: To prevent cosmetic or structural damage to adjacent or nearby 
structures, the SFPUC will incorporate restrictions into all contract specifications 
(primarily for sheetpile driving, pile driving, or tunnel construction activities), whereby 
surface vibration will be limited to 0.2 in/sec PPV for continuous vibration (e.g., vibratory 
equipment and impact pile drivers) and 0.5 in/sec PPV for controlled detonations at the 
closest receptors to ensure that cosmetic or structural damage does not occur. 

Limit Vibration Levels at or Below Vibration Perception Threshold 

Measure 4.10-3b: For nighttime construction activities, the SFPUC will maintain vibration 
levels at or below the vibration perception threshold (0.012 in/sec PPV) at adjacent 
properties (or in accordance with local ordinances) to the extent feasible. If vibration 
complaints are received during facility construction, operational adjustments will be made 
(e.g., restricting use of equipment causing vibration disturbance during the nighttime hours 
or slowing the pace of its operation), as necessary, to reduce vibration annoyance effects. 

Limit Tunnel-Related Detonation to Daylight Hours 

Measure 4.10-3c: The SFPUC will limit controlled detonation associated with tunnel 
construction to the daylight hours, Monday through Saturday. 

Collective Measures 

Limiting Hourly Truck Volumes and Restricting Truck Operations on Haul Routes for 
Multiple WSIP Projects  

Measure 4.16-8a: Measures 4.10-2a and 4.10-2b outline restrictions and guidelines for 
daytime and nighttime truck operations on local roadways. To address collective truck-
related noise impacts, these measures will be applied to total haul and delivery truck 
volumes on any particular haul truck route that are attributable to all WSIP projects, 
including the Tesla Portal, Irvington Portal, Lower Crystal Springs Dam vicinities as well 
as haul routes in San Francisco Region. Therefore, total truck volumes from all WSIP 
projects on a particular route will not exceed 80 trucks per hour (so as not to exceed the 
70-dBA speech interference criterion during the daytime hours) and will be restricted near 
sensitive receptors (to meet the 50-dBA sleep interference criterion) during the nighttime 
hours. 

Vacate Land Manager’s Residence for All Projects in Sunol Valley Region  

Measure 4.16-8b: Measure 4.10-2c requires the SFPUC Land Manager’s residence 
adjacent to Alameda East Portal to be vacated during construction truck operations 
associated with the New Irvington Tunnel project (SV-4). To address collective noise 
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impacts, this residence will be vacated during construction truck operations associated with 
all WSIP projects in this region, if collective daytime truck volumes exceed the 70-dBA 
speech interference criterion (7 a.m. to 10 p.m.) or nighttime truck volumes exceed the 
50-dBA sleep interference criterion (10 p.m. to 7 a.m.).  

Cumulative Measures 

Coordination of Truck Traffic on Local Streets 

Measure 4.17-8: The SFPUC WSIP construction coordinator designated in Measure 4.17-6 
will also be responsible for coordinating truck traffic generated on these same streets by 
SFPUC maintenance activities and other SFPUC projects (as listed in Tables 4.17-1 
through 4.17-6) so that SFPUC-related truck noise increases are maintained at or below 
threshold levels specified in Measures 4.10-2a and 4.10-2b to the extent feasible (80 trucks 
per hour along a haul/delivery route and restricted nighttime truck operations). 

6.3.10 Public Services and Utilities  
Program Measures 

Notify Neighbors of Potential Utility Service Disruption 

Mitigation 4.11-1a: As part of the neighborhood notice, the SFPUC will notify residents 
and businesses in project area of potential utility service disruption two to four days in 
advance of construction. 

Locate Utility Lines Prior to Excavation 

Measure 4.11-1b: Prior to excavation, the SFPUC or its contractors will locate overhead 
and underground utility lines, such as natural gas, electricity, sewer, telephone, fuel, and 
water lines, that may be encountered during excavation work prior to opening an 
excavation.  

Confirmation of Utility Line Information 

Measure 4.11-1c: The SFPUC or its contractors will find the exact location of 
underground utilities by safe and acceptable means. Information regarding the size, color, 
and location of existing utilities must be confirmed before construction activities 
commence.  

Safeguard Employees from Potential Accidents Related to Underground Utilities 

Measure 4.11-1d: While any excavation is open, the SFPUC or its contractors will protect, 
support, or remove underground utilities as necessary to safeguard employees.  

Notify Local Fire Departments 

Measure 4.11-1e: The SFPUC or its contractors will notify local fire departments any time 
damage to a gas utility results in a leak or suspected leak, or whenever damage to any 
utility results in a threat to public safety. 
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Emergency Response Plan 

Mitigation 4.11-f: The SFPUC will develop an emergency response plan in the event of a 
leak or explosion prior to commencing construction activities.  

Prompt Reconnection of Utilities 

Measure 4.11-2g: The SFPUC or its contractors will promptly reconnect any disconnected 
utility lines. 

Coordinate Final Construction Plans with Affected Utilities 

Measure 4.11-1h: The SFPUC or its contractors will coordinate final construction plans 
and specifications with affected utilities. 

Waste Reduction Measures 

Measure 4.11-2: The following requirements will be incorporated into contract 
specifications for each WSIP project: 

The contractor(s) will obtain any necessary waste management permits prior to 
construction and will comply with conditions of approval attached to project 
implementation. As part of the waste management permit process, the contractor(s) will 
submit a solid waste recycling plan to the affected agencies. Elements of the plan will 
likely include, but are not necessarily limited to, the following: 

• Identification of the types of debris that will be generated by the project and identify 
how all waste streams will be handled. 

• Actions to reuse or recycle construction debris and clean excavated soil to the extent 
possible.  

• Actions to divert at least 50% of inert solids (asphalt, brick, concrete, dirt, fines, rock, 
sand, soil, and stone) from disposal in a landfill. 

6.3.11 Recreational Resources 
Program Measures 

Coordination with Golf Course/Recreational Facility Managers 

Measure 4.12-1: Where golf courses or other recreational facilities would be directly 
affected by pipeline construction, the SFPUC will coordinate with facility managers to 
minimize adverse impacts on golfers and other recreational users. 

Appropriate Siting of Proposed Facilities 

Measure 4.12-2: The SFPUC will locate WSIP project facilities on park and recreation 
properties in consultation with park planning staff to minimize the direct loss of recreation 
and play space and to minimize any inconvenience to park, playground, or golf course 
users associated with the installation of non-recreational facilities within recreational areas. 
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6.3.12 Agricultural Resources 
Program Measures 

Supplemental Noticing and Soil Stockpiling 

Measure 4.13-1a: For the San Joaquin Pipeline projects (SJPL System, SJ-3, and SJPL 
Rehabilitation, SJ-4), as part of the SFPUC Construction Measure #1 for neighborhood 
notice, advanced notification will include the name and number of an SFPUC staff person 
who can be contacted to discuss special needs and to work out accommodations to 
minimize temporary disruption to agricultural activities. The SFPUC will stockpile and 
replace topsoil in mapped areas of Prime and Unique Farmland and Farmland of Statewide 
Importance that would be temporarily disturbed by pipeline construction, unless other 
actions are required under specific agreements with individual land owners. (The SFPUC 
typically holds easements for work on its projects, but prior owners may have residual 
rights to use the rights-of-way for agricultural purposes. The SFPUC will work with 
farmers under the terms of these agreements.) 

Avoidance or Soil Stockpiling 

Measure 4.13-1b: The SFPUC will minimize any potential impacts on agricultural lands in 
the Sunol Valley by avoiding these resources wherever possible. Where this is not possible, 
topsoil along the pipeline right-of-way will be stockpiled, replaced, and hydroseeded to 
prevent erosion, unless other actions are required as a result of contracts affecting use of the 
property or under specific agreements with individual land owners. 

Siting Facilities to Avoid Prime Farmland 

Measure 4.13-2: The SFPUC will avoid areas identified as Prime Farmland, Unique 
Farmland, or Farmland of Statewide Importance in the siting of facilities for the 40-mgd 
Treated Water project (SV-3), Treated Water Reservoirs project (SV-5), and ancillary 
power supply facilities for the SJPL System project (SJ-3). If avoidance is not feasible, the 
SFPUC will adopt a permanent set-aside for an equivalent acreage of similarly-valued 
farmland in the area. 

6.3.13 Hazards 
Program Measures 

Site Health and Safety Plan 

Measure 4.14-1a: For all projects requiring excavation where the site assessment 
conducted in accordance with SFPUC Construction Measure #7 indicates the potential to 
encounter hazardous materials in the soil or groundwater, the contractor will prepare a site 
health and safety plan identifying the chemicals present, potential health and safety 
hazards, monitoring to be performed during site activities, soils-handling methods required 
to minimize the potential for exposure to harmful levels of any chemicals identified in the 
soil, appropriate personnel protective equipment, and emergency response procedures. 
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Materials Disposal Plan 

Measure 4.14-1b: For all projects requiring excavation where the site assessment 
conducted in accordance with SFPUC Construction Measure #7 indicates the potential to 
encounter hazardous materials in the soil, the contractor will prepare a materials disposal 
plan that specifies the disposal method and approved disposal site for the soil and will 
provide written documentation that the disposal site will accept the waste.  

Coordination with Property Owners and Regulatory Agencies  

Measure 4.14-1c: Based on regulatory agency file reviews conducted in accordance with 
SFPUC Construction Measure #7, the SFPUC will assess the potential to encounter 
unacceptable levels of hazardous materials at known environmental cases, for construction 
activities to cause groundwater plume migration or interfere with ongoing remediations at 
known environmental cases, and for increased water levels in reservoirs or lakes to 
inundate known environmental cases. Should the review indicate that the project could 
encounter unacceptable levels of hazardous materials or interfere with a remediation, the 
SFPUC will contact the site owner (or responsible SFPUC department for the Peninsula 
Sportsmen’s Club and Pacific Rod and Gun Club) and responsible regulatory agency to 
determine appropriate construction modifications or remediation necessary to avoid 
adverse effects during construction and operation of the project. Construction modifications 
will be designed to reduce groundwater plume migration or interference with the 
remediation; alternatively, modifications will be made to the remediation activities during 
construction to reduce interference with remediation activities to avoid encountering 
unacceptable levels of hazardous materials. The SFPUC will implement the requirements 
of the responsible regulatory agency. 

Health Risk Screening and Airborne Asbestos Monitoring Plan 

Measure 4.14-2: For tunneling projects where soil or rock containing naturally occurring 
asbestos has been identified, the SFPUC will conduct a health risk screening assessment to 
identify acceptable levels of asbestos in tunnel emissions based on site conditions and 
proximity to receptors. Prior to operation of the tunnel exhaust system, the contractor will 
be required to prepare an airborne asbestos monitoring plan for approval by the BAAQMD. 
The plan will specify the identified asbestos criterion, monitoring that will be conducted to 
identify asbestos concentrations in tunnel emissions, sampling methods, analytical 
methods, and corrective actions that will be taken if the asbestos criterion is exceeded. 
Additional dust filtration will be added to the tunnel exhaust system if the criterion is 
exceeded. 

Hazardous Building Materials Surveys and Abatement 

Measure 4.14-5: For all WSIP projects involving demolition or renovation of existing 
facilities, the SFPUC will retain a registered environmental assessor or a registered 
engineer to perform a hazardous building materials survey for each structure prior to 
demolition or renovation activities. If any friable asbestos-containing materials, 
lead-containing materials, or hazardous components of building materials are identified, 
adequate abatement practices, such as containment and/or removal, will be implemented 
prior to demolition or renovation. Any PCB-containing equipment or fluorescent lights 
containing mercury vapors will also be removed and disposed of properly. 
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6.3.14 Energy Resources  
Program Measures 

Incorporation of Energy Efficiency Measures 

Measure 4.15-2: Consistent with the Energy Action Plan II priorities for reducing energy 
usage, the SFPUC will ensure that energy efficient equipment is used in all WSIP projects. 
A repair and maintenance plan will also be prepared for each facility to minimize power 
use. The potential for use of renewable energy resources (such as solar power) at facility 
sites will be evaluated during project-specific design. 

6.4 Mitigation Measures to Minimize Water Supply and 
System Operations Impacts 

This section presents all mitigation measures for impacts described in Chapter 5. Mitigation 
measures for impacts identified in Sections 5.3 through 5.6 are presented under the respective 
geographic area (i.e., watershed or groundwater basin). In some cases, a mitigation measure 
would mitigate more than one impact, and the mitigation measure numbering corresponds to the 
first impact identified. Impact and mitigation summary tables for Section 5.3, Tuolumne River 
Watershed and Downstream Waterbodies; Section 5.4, Alameda Creek Watershed Streams and 
Reservoirs; Section 5.5, San Francisco Peninsula Streams and Reservoirs; and Section 5.6, 
Westside Groundwater Basin, are presented in Section 6.6.  

6.4.1 Plans and Policies 
System Measures 

None required. 

6.4.2 Tuolumne River System and Downstream Water Bodies 

Stream Flow and Reservoir Water Levels 

System Measures 
None required. 

Geomorphology 

System Measures 
None required. 
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Surface Water Quality 

System Measures 
None required. 

Surface Water Supplies 

System Measures 
None required. 

Groundwater 

System Measures 
None required. 

Fisheries 

System Measures 

Overview of Measures 5.3.6-4a, 5.3.6-4b, and 5.3.7-6 

The SFPUC will attempt to implement Measure 5.3.6-4a as described below, which could 
mitigate both Impacts 5.3.6-4 and 5.3.7-6 to a less than significant level. Measure 5.3.6-4a 
involves some uncertainty because its implementation depends on the SFPUC negotiating 
and reaching agreement with MID/TID and possibly other water agencies. If Measure 
5.3.6-4a proves to be infeasible, the SFPUC will implement Measure 5.3.6-4b to lessen 
fisheries impacts and Measure 5.3.7-6 to lessen impacts on riparian vegetation.  

Avoidance of Flow Changes by Reducing Demand for Don Pedro Reservoir Water 

Measure 5.3.6-4a: The SFPUC will pursue a water transfer arrangement with MID/TID 
and/or other water agencies such that the water acquired is developed through actions that 
result in reduction of demand on Don Pedro Reservoir as a result of conservation, improved 
delivery efficiency, inter-agency transfer of conserved water, or use of an alternative supply 
such as groundwater. The TID and MID would deliver less water from Don Pedro 
Reservoir. The consequent increase in water storage in Don Pedro Reservoir would offset 
the reduction in inflow to Don Pedro Reservoir attributable to the WSIP. The release 
pattern from La Grange Dam would be the same or similar to the existing condition thus 
lessening or eliminating Impacts 5.3.6-4 and 5.3.7-6. The actions necessary to reduce 
demand for Don Pedro Reservoir water may themselves have environmental effects. See 
Section 6.5 for a review of potential environmental effects associated with the expected 
actions of this mitigation measure. Further environmental review would be undertaken 
prior to approving a specific water transfer agreement.  

Fishery Habitat Enhancement  
Measure 5.3.6-4b: If Measure 5.3.6-4a is not implemented, then the SFPUC will mitigate 
potential fishery effects on the lower Tuolumne River by implementing (or funding) one of 
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the following two habitat enhancement actions that are designed to sustain fishery 
resources under the river’s flow regime, which are consistent with the Habitat Restoration 
Plan for the Lower Tuolumne River Corridor: gravel augmentation/habitat enhancement to 
provide salmonid spawning and rearing habitat, or isolating or filling a captured former 
gravel quarry pit along the river that provides habitat for salmonid predators. 

The gravel augmentation/habitat enhancement project will be implemented to increase 
salmonid spawning success and to improve the survival of rearing salmonids in the reach of 
the river downstream of La Grange Dam. Spawning success will be improved by the 
addition of suitable gravel to the stream channel. Other habitat features will be created to 
provide cover for juvenile salmonids and to increase the availability of substrate for 
macroinvertebrates that would be used as food by rearing juvenile salmon and steelhead. 
The gravel augmentation/habitat enhancement project will involve the planning, design, 
permitting, purchase, placement, and monitoring of suitable gravel and associated habitat 
enhancements at three riffle locations within the spawning reach between Basso Bridge and 
La Grange Dam. The three locations will meet the criteria for suitable habitat as described 
in the Habitat Restoration Plan for the Lower Tuolumne River Corridor. The gravel will 
preferentially be rounded river rock of native origin that would be sized and pre-washed 
before placement into the river. The gravel augmentation/habitat enhancement project will 
also involve the addition of large woody debris and boulders to create increased habitat 
complexity and diversity at each of the three enhancement sites. After construction of the 
gravel augmentation/habitat enhancement project, it will be surveyed to establish its 
baseline condition. A survey of the three sites will be made at a minimum of five-year 
intervals by a qualified fisheries biologist. The fisheries biologist will determine whether 
the three sites continue to meet established criteria for salmonid spawning and rearing 
habitat. If the sites do not meet the criteria, as part of its long-term operations, the SFPUC 
will make the improvements necessary to return it to the baseline conditions. 

As an alternative to the gravel augmentation project, the SFPUC will remove from the 
lower river channel one of the former gravel quarry pits that has been “captured” by the 
river and acts as predator zones for fish such as largemouth and striped bass to prey on 
rearing and emigrating juvenile salmonids. Removal could be accomplished by filling the 
pit or installing a levee berm around the pit to isolate it permanently from the river channel. 
The SFPUC could implement this action directly or fund implementation by another entity 
involved in river restoration. 

The performance standard for gravel pit removal would be an established permanent 
reduction in area of salmonid predator habitat. The SFPUC will monitor the pit removal 
project at five-year intervals. If floods have eroded the fil1 or damaged the levees in a manner 
that restores salmonid predator habitat, the SFPUC will make the necessary repairs. The 
SFPUC will continue periodic monitoring and repair as part of long-term system operations. 

Terrestrial Biological Resources 

System Measures 

Controlled Releases to Recharge Groundwater in Streamside Meadows and Other 
Alluvial Deposits 

Measure 5.3.7-2: To mitigate for potential WSIP effects on meadow resources along the 
Tuolumne River below Hetch Hetchy Reservoir, the SFPUC will manage releases from 
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Hetch Hetchy Reservoir during the spring to recharge groundwater in the riverside 
meadows in the Poopenaut Valley and streamside alluvial deposits. The goal of the release 
pattern will be to approximate conditions characteristic of most Sierra meadows, which are 
mainly wetlands or semi-wetlands supporting a cover of both emergent wetlands plants and 
upland vegetation (Ratliff, 1982), and which depend on precipitation and upslope flows to 
recharge the upper soil layers with water (Ratliff, 1985). The performance standard to be 
achieved by this measure is no net loss of the extent, diversity, and condition of the existing 
meadow and wetland vegetation types in the Poopenaut Valley. 

The SFPUC will manage reservoir releases for this purpose by releasing the expected 
available volume of water in the reservoir in a pattern that provides flows of a magnitude 
that inundate the meadows and streamside alluvial deposits for as long as possible. For 
example, rather than making releases at a constant rate each day (e.g., releasing 1,000 cfs  
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for seven days), the SFPUC could release the same volume of water but with varying cfs 
rates, creating flow pulses to meet the objective.  

As part of this measure the SFPUC will gather baseline data regarding the extent, species 
composition and condition of the existing meadow vegetation within the Poopenaut Valley. 
Some of these environmental baseline data may be available as a result of current study 
efforts in the Poopenaut Valley5. As needed, the SFPUC will augment this information by 
carrying out vegetation composition surveys in the meadow before implementing the WSIP 
and at 5 year intervals after WSIP implementation to assess the efficacy of mitigation 
releases in maintaining or improving the percentage cover of meadow species as described 
by Ratliff (1985). The basic methodology for baseline vegetation survey and subsequent 
mitigation monitoring will be generally accepted quantitative vegetation sampling methods 
to permit statistical comparison of vegetation composition over time, as well as mapping 
the meadow vegetation in the Poopenaut Valley. The SFPUC will retain the services of a 
qualified biologist to assist in shaping the releases from Hetch Hetchy Reservoir in 
consideration of baseline and future meadow vegetation data. If a significant decline in the 
extent or diversity of native meadow vegetation occurs, releases will be modified as needed 
to achieve the mitigating effect of sustaining the existing meadow communities. 

Avoidance of Flow Changes by Reducing Demand for Don Pedro Reservoir Water 

See Measure 5.3.6-4a in the Fisheries section, above. This measure also addresses impact 
5.3.7-6 Impacts on biological resources along the Tuolumne River below La Grange. The 
SFPUC will attempt to implement Measure 5.3.6-4a as described above, which could 
mitigate both Impacts 5.3.6-4 and 5.3.7-6 to a less than significant level. Measure 5.3.6-4a 
involves some uncertainty because its implementation depends on the SFPUC negotiating 
and reaching agreement with MID/TID and possibly other water agencies. If Measure 
5.3.6-4a proves to be infeasible, the SFPUC will implement Measure 5.3.6-4b to lessen 
fisheries impacts and Measure 5.3.7-6 to lessen impacts on riparian vegetation. 

Lower Tuolumne River Riparian Habitat Enhancement 
Measure 5.3.7-6: To mitigate the WSIP effects on riparian vegetation, the SFPUC will 
both protect and enhance one mile of riparian vegetation along the contemporary floodplain 
of the lower Tuolumne River. This will include funding the acquisition of fee title to or a 
conservation easement over riparian land totaling one mile (consisting of one or multiple 
sites) in order to permanently protect that land, and also funding riparian enhancement and 
on-going vegetation management to maintain the enhanced riparian values in perpetuity 
along one mile of river. The enhancement and management may be carried out along one 
river mile either on the land acquired by the SFPUC as described above or on land already 
under the permanent management of a public agency or conservation organization. 

The SFPUC will implement this measure consistent with the Habitat Restoration Plan for 
the Lower Tuolumne River Corridor (McBain and Trush, 2000) and in coordination with 
the Tuolumne River Technical Advisory Committee. The SFPUC will also strive to 

                                                      
5 In 2006 the SFPUC, National Park Service (and USFWS) began a collaborative study effort in the Poopenaut 

Valley. The effort has led to geomorphology test releases in May 2006, fieldwork in the channel in 2006 and 2007 
to examine sediment transport and deposition relationships with flow. Two transects with ten recording piezometers 
have been installed across the meadow to measure groundwater recharge and drainage patterns. Supplementary 
stream staff gages have been installed to allow manual readings during high flows. Surveys have been done of the 
meadow to define the topography and the location and elevation of the piezometers. Infiltration of water from the 
stream to the meadow soils will be monitored during high flows to develop a better understanding of groundwater 
dynamics in the meadow so that reservoir operations, flow pulses, and minimum streamflow releases can be 
managed to improve meadow conditions within the constraints of water supply and facility limitations. 
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implement these projects in partnership with those groups currently working to restore 
riparian floodplains on the lower Tuolumne River.  

The SFPUC may implement riparian enhancement in accordance with site locations and 
plans already developed as part of the Habitat Restoration Plan for the Lower Tuolumne 
River Corridor or on other appropriate sites along the river. For sites that haven’t already 
had plans developed, a riparian enhancement plan will be prepared for each. The plan shall 
include, but not be limited to, the following: 

• Clearly stated objectives and goals consistent with the Habitat Restoration Plan for 
the Lower Tuolumne River Corridor (McBain and Trush, 2000). 

• Location, size, and type of mitigation actions proposed. 

• Documentation of performance and monitoring standards. 

• Performance and monitoring standards shall indicate success criteria to be met within 
5 years for vegetation, removal of exotic species, etc. Adaptive management 
standards shall include contingency measures that shall outline clear steps to be taken 
if and when it is determined, through monitoring or other means, that the 
enhancement or restoration techniques are not meeting success criteria. 

• Documentation of the necessary long-term management and maintenance 
requirements, and provisions for sufficient funding. 

Recreational and Visual Resources 

System Measures 
None required. 

Energy Resources 

System Measures 
None required. 

6.4.3 Alameda Creek Watershed Streams and Reservoirs 

Stream Flow and Reservoir Water Levels 

System Measures 

Diversion Tunnel Operation 

Measure 5.4.1-2: The SFPUC will establish and implement written operational criteria for 
the Alameda Creek Diversion Dam that directs that the diversion dam and tunnel shall be 
operated to pass flows down Alameda Creek when diversion of those flows is not required 
to maintain desired levels in Calaveras Reservoir in order to provide the maximum possible 
days of winter and spring flows in Alameda Creek below the diversion dam.  
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This measure reinforces the way the SFPUC generally operates the diversion tunnel now: 
that diversion gates are closed in the spring once desired Calaveras Reservoir storage have 
been reached. However, at times additional flows have been diverted from Alameda Creek 
after reservoir storage levels have been achieved such that the “excess” water has 
subsequently been released from the reservoir to maintain the appropriate water level. This 
measure would formalize Alameda Creek diversion procedures to maintain flows in 
Alameda Creek to the extent they are not needed to achieve required reservoir storage. This 
measure would reduce the flow reduction impact but not to a level that is less than 
significant. 

Geomorphology 

System Measures 
None required. 

Surface Water Quality 

System Measures 
None required. 

Groundwater 

System Measures 
None required. 

Fisheries 

System Measures 

Minimum Flows for Resident Trout on Alameda Creek 

Measure 5.4.5-3a: The SFPUC shall develop and carry out as part of the implementation 
of the Calaveras Dam Replacement (SV-2) project, an operational plan to implement 
minimum bypass flows when precipitation generates runoff into the creek below the 
diversion dam to the Calaveras Creek confluence from December 1 through April 30 to 
support spawning and egg incubation for resident trout as well as breeding habitat for other 
native stream-dependent amphibians. This is the period when winter precipitation typically 
would produce flows for spawning and egg incubation and breeding habitat for other native 
stream-dependent species. The operational plan will identify the specific minimum flow 
requirements to support resident trout spawning and egg incubation, and a detailed 
monitoring plan to survey and document trout spawning and egg incubation and any 
diversion facility modifications that are needed to implement the minimum stream flows. 
This measure will be implemented in conjunction with the proposed bypass flows at the 
diversion dam to meet the 1997 CDFG MOU flow requirements. 

Minimum flow requirements to support resident trout spawning and egg incubation vary 
depending on stream reach conditions. Although site-specific studies are needed to 
determine an appropriate minimum flow requirement for each specific creek reach, based 
on the general size and characteristics of the Alameda Creek channel immediately 
downstream of the diversion structure it has been suggested that a minimum flow on the 
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order of 10 cfs may be needed to support trout spawning and egg incubation. The SFPUC’s 
Natural Resources Division will complete the site-specific studies needed to determine the 
appropriate minimum stream flow for this reach of the creek; studies may show that the 
minimum flow requirement is more or less than 10 cfs. This minimum flow requirement 
would be met when precipitation would naturally generate runoff in the creek (below the 
diversion dam) under unimpaired conditions between December 1 and April 30. When 
precipitation generates runoff in the creek, the SFPUC shall provide for bypass of flow up 
to the required minimum flow amount. The operational plan will allow for adapting 
minimum flow amounts to support resident trout spawning and egg incubation and other 
native stream-dependent species based on the monitoring results and best available 
scientific information. 

The monitoring plan will be provided to appropriate resource agencies for review and 
comment and will subsequently be implemented by the SFPUC’s Natural Resources 
Division staff. Monitoring results shall be provided to the resource agencies as requested. 
Monitoring shall occur for a minimum of five years and a maximum of ten years following 
completion of the Calaveras Dam Replacement project. At the completion of the 
monitoring period the SFPUC shall produce a draft comprehensive report describing the 
methods, data collected, and results used to assess the performance of the minimum 
streamflow in providing suitable habitat for resident trout spawning and egg incubation. 

The Alameda Creek Fisheries Restoration Workgroup is currently overseeing collaborative 
studies to better characterize the flow-habitat relationships for trout spawning within 
Alameda Creek, and the SFPUC is providing staff and funding to support this 
effort. Information from these studies will also be used in developing the specific range of 
minimum stream flows needed to support suitable habitat within the reach below the 
diversion dam to the Calaveras Creek confluence.  

This measure addresses two areas of impact to the resident trout fishery in Alameda Creek 
below the diversion dam. First, it addresses the decrease in flow below the diversion dam 
that would occur under the WSIP as a result of re-instituting flow diversions to Calaveras 
Reservoir once the dam is replaced (WSIP Project SV-2) and current DSOD storage 
capacity restrictions are removed. Second, it addresses the loss of fish from the lower creek 
system that would result from fish entrainment through the unscreened diversion tunnel to 
Calaveras Reservoir. Providing for minimum stream flows in Alameda Creek below the 
diversion dam, as required by the mitigation measure, would support resident trout 
spawning and egg incubation and it is expected that this measure would be sufficient to 
sustain the trout population in this reach of the creek. This would fully address/mitigate for 
both areas of WSIP impact to the resident trout fishery below the diversion dam. If 
monitoring indicates that this measure is adequate to sustain the resident trout population 
below the diversion dam, then no additional mitigation action would be required. If 
monitoring indicates that this measure does not sustain the resident trout fishery in this 
reach, then the SFPUC shall either modify the minimum stream flow to enhance 
downstream habitat conditions to fully meet the mitigation requirement or also implement 
Measure 5.4.5-3b Diversion Restrictions or Fish Screens. 
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Alameda Diversion Dam Diversion Restrictions or Fish Screens 

Measure 5.4.5-3b: If, after 10 years of monitoring results for Measure 5.4.5-3a, Minimum 
Flows for Resident Trout in Alameda Creek, indicate that the measure does not sustain the 
resident trout population in Alameda Creek below the diversion dam, then the SFPUC shall 
also implement additional measures as follows: either implement seasonal restrictions on 
Alameda Creek diversions to Calaveras Reservoir to protect the downstream resident trout 
fishery during the critical spawning period (December 1 through April 30) or install and 
operate a fish passage barrier to “screen” the diversion facility (screening could consist of a 
behavioral barrier, such as electrical or sound barrier that deters fish, or a physical barrier – 
such as a screen facility).  

SFPUC shall consult with the appropriate resource agencies, including CDFG, to first 
review the monitoring results for Measure 5.4.5-3a and determine the need for any further 
mitigation actions. If needed, SFPUC will consult with the appropriate resource agencies to 
develop appropriate seasonal restrictions on diversions. This could involve establishing a 
set annual time period for diversion restrictions or annual monitoring of fishery conditions 
that would then trigger implementation of diversion restrictions.  

Alternatively, the SFPUC will implement a fish passage barrier if determined to be feasible. 
During the 10-year monitoring and evaluation period for Measure 5.4.5-3a, the SFPUC will 
evaluate the feasibility of installing and operating a fish passage barrier. The feasibility 
study will include an engineering evaluation of the existing site and diversion structure, 
access for construction and power supplies to the site, the application of various alternative 
designs, and identification of a preferred design if determined to be feasible. If it is 
determined that a fish passage barrier is needed to protect resident trout at the diversion 
structure then engineering design will be completed and be sufficiently detailed to allow 
permitting and completion of construction within a period of 24 months after the date that 
the additional mitigation is determined to be required. 

Terrestrial Biological Resources 

System Measures 

Compensation for Impacts on Terrestrial Biological Resources 

Measure 5.4.6-1: This measure mitigates for water supply and systemwide operation 
effects on resources within the Alameda Creek watershed. These impacts would occur 
primarily through operation of the Calaveras Dam Replacement project (SV-2).  

The SFPUC will compensate for sensitive wetland, riparian and upland habitats and 
habitats which support key special-status species or other species of concern lost as a result 
of WSIP system operation. Similar habitat will be identified, protected, restored, enhanced, 
created and managed off-site6 to ensure no net loss of habitat extent or function. A 
qualified biologist will quantify the magnitude and extent of impacts to wetlands, sensitive 
habitats, and key special-status species and other species of concern, and the SFPUC will 
develop and implement mitigation and compensation plans that meet the appropriate 
regulatory requirements and permit conditions with respect to compensation ratios, other 

                                                      
6 Off-site means the compensatory action is located other than within the project construction footprint, but could be 

on lands already under SFPUC ownership. Measure 4.6-2 addresses compensatory actions to be taken within the 
construction footprint.  
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conservation measures and management requirements to mitigate project impacts to less 
than significant levels.  

The SFPUC will obtain required permits and comply with applicable environmental 
regulations addressing sensitive habitats and species. Compensatory lands—including those 
restored or enhanced as well as those acquired or designated as protected as part of 
program mitigation--will be established in perpetuity with a commitment that such lands 
will not be used for any purpose that conflicts with the primary purpose of maintaining 
intact wildlife and plant habitat.  

One alternative for implementing such habitat compensation is the Habitat Reserve 
Program (HRP) currently being developed by the SFPUC. The purpose of the HRP is to 
provide a comprehensive, coordinated approach to mitigation and related regulatory 
compliance for WSIP projects and operations. This related SFPUC project is described 
further in Chapter 3.0, Section 3.12.3. Under the proposed HRP, the SFPUC would proceed 
as soon as possible with identifying, securing (through designation, management 
agreement, conservation easement, or acquisition of fee title) and improving lands to be 
used for habitat compensation so that mitigation is underway concurrent with habitat loss 
related to WSIP program activities, further ensuring no net loss of resources. The proposed 
HRP is scheduled for CEQA environmental review in 2007 and is targeted for 
implementation as soon as possible thereafter. Once the HRP is approved and implemented, 
the SFPUC will use this as one vehicle or method for implementing the mitigation 
requirements for individual WSIP projects. Otherwise, where appropriate and necessary, 
the SFPUC will develop and implement appropriate habitat compensation mitigation for 
individual WSIP projects and their associated operational impacts. 

Operational Procedures for Calaveras Dam Releases 

Measure 5.4.6-3: During project-level CEQA review on the Calaveras Dam Replacement 
project (SV-2), the SFPUC will develop operational procedures for managing planned 
releases from Calaveras Dam to minimize habitat impacts on amphibians, their egg masses, 
and tadpoles. The goal of such releases, apart from benefits to fish, is to mimic a more 
natural pattern of hydrology regime as much as possible. The procedures will specify the 
minimum amount and frequency of planned releases and the rate of the increase and 
decrease of any individual release event. One of the specific goals of such releases would 
be to reduce the risk of mortality to breeding amphibians. Such operational procedures will 
be developed prior to completion of construction of the Calaveras Dam Replacement 
project. In addition, instream flow releases required under CDFG agreement with SFPUC 
(see Table 5.4.1-9) would begin upon completion of construction.  

Recreational and Visual Resources 

System Measures 
None required. 
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6.4.4 San Francisco Peninsula Streams and Reservoirs 

Stream Flow and Reservoir Water Levels 

System Measures 
None identified. 

Geomorphology 

System Measures 
None required. 

Surface Water Quality 

System Measures 

Low-head Pumping Station at Pilarcitos Reservoir 
Measure 5.5.3-2a: The SFPUC shall install a permanent low-head pumping station at 
Pilarcitos Reservoir which would enable the SFPUC to access and use an additional 350 acre-
feet of water from Pilarcitos Reservoir. In years when the WSIP would cause releases from 
Pilarcitos Reservoir to Pilarcitos Creek to be reduced to reservoir inflow earlier in the 
summer than under the existing condition (about 25 percent of years in the hydrologic 
record), the SFPUC will use the pumping station to augment flow in Pilarcitos Creek with 
water from the reservoir. The pumping station will draw water from the cool pool of water 
below the thermocline during times when the reservoir is stratified. The pumping station 
outlet will be designed to ensure that water discharged to the creek is adequately aerated.  

Aeration System at Pilarcitos Reservoir 
Measure 5.5.3-2b: The SFPUC shall install a permanent aeration system at Pilarcitos 
Reservoir. The SFPUC will operate the aeration system as necessary to avoid anoxic 
conditions and maintain good water quality conditions at the reservoir. 

Groundwater 

System Measures 
None required. 

Fisheries 

System Measures 

Create New Spawning Habitat Above Crystal Springs Reservoir 

Measure 5.5.5-1: The SFPUC will survey the extent and quality of fish spawning habitat 
that could potentially be lost due to inundation and, if feasible, create new spawning habitat 
at a higher elevations. The specifics of this mitigation measure will be determined as part of 
project-level CEQA review for the Lower Crystal Springs Dam Improvements project 
(PN-4). 
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Establish Flow Criteria, Monitor and Augment Flow 
Measure 5.5.5-5: The SFPUC shall develop a monitoring and operations plan for Stone 
Dam to ensure WSIP-related flow reductions downstream of Stone Dam do not impair 
steelhead passage and spawning during the winter months of normal and wetter hydrologic 
years. This operational plan will provide for minimum stream flows to support existing 
adult steelhead passage and spawning downstream of Stone Dam, in the reach between 
Stone Dam and the confluence with the tributary at Albert Canyon, approximately 
3.5 miles downstream. Downstream of Albert Canyon, WSIP flow reductions are unlikely 
to cause a significant impact to steelhead migration and spawning due to contributing flows 
from numerous downstream tributaries being sufficient to maintain adult upstream passage 
and spawning conditions within the creek. Monitoring and implementation of the 
operational plan will occur when precipitation generates runoff into Pilarcitos Creek below 
Stone Dam from December 1 through April 30 of normal and wetter years. This monitoring 
and operations plan will be established within five years of the approval of the PEIR. 

Specific instream flows needed to support anadromous steelhead downstream of Stone 
Dam have not yet been identified. Suitable instream flows for steelhead passage on 
Pilarcitos Creek may be defined as providing a water depth of at least 0.6 feet over 
25 percent of the total wetted channel cross-sectional area with 10 percent being 
contiguous. In cooperation with CDFG and NMFS, the SFPUC will identify up to five 
critical riffles, downstream of Stone Dam and upstream of Albert Canyon that may cause a 
passage impediment/barrier to steelhead migration at reduced flows as defined by the water 
depth criterion above. Such habitat types will be selected for survey because they represent 
the shallowest habitat type and thus would most likely represent low flow passage barriers 
under WSIP-related reduced flow scenarios. This monitoring plan will survey and 
document the critical riffles identified to determine physical conditions (e.g., depth, 
velocity, and top width of the channel) present at various flow levels. The SFPUC will 
measure the stage-discharge relationship at each of the five critical riffles and identify the 
minimum stream flow that meets the steelhead passage criterion at the most restrictive of 
the five riffle locations. 

The SFPUC will calibrate and validate the flow measurements made at the existing flow 
monitoring gage (USGS Gage 11162620) located immediately downstream of Stone Dam. 
The SFPUC will then develop a statistical relationship between the flow measurements at 
the existing gage and the flow at the most restrictive critical riffle downstream of Stone 
Dam to establish minimum average daily flows necessary to meet steelhead passage 
criterion. The SFPUC will monitor average daily flows at the stream flow gage during the 
period from December 1 through April 30 each year. If average daily flow, as measured at 
the gage, indicates that the minimum stream flow at the downstream critical riffle is not 
met, the SFPUC will release bypass flows from Stone Dam at a rate sufficient to meet the 
minimum stream flow for steelhead passage at a release rate up to, but not exceeding, the 
average daily inflow into Pilarcitos Reservoir as determined by SFPUC operators. 

The SFPUC’s Natural Resources Division will complete the site-specific studies needed to 
determine the appropriate minimum stream flow for the most restrictive critical riffle 
identified during monitoring. This minimum flow criterion will be met when WSIP 
diversions occur between December 1 and April 30 of normal and wetter hydrologic years. 
The operational plan will allow for adapting minimum flow amounts to support steelhead 
migration based on the monitoring results and best available scientific information. 
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Monitoring and flow management will be continued for a minimum period of five years 
and a maximum period of ten years, at which time the SFPUC will prepare a technical 
report describing results of the stream flow monitoring, identifying whether or not 
operation of Stone Dam reduced passage flows below the minimum criteria, and 
identifying, if needed, an appropriate bypass flow for future operations at Stone Dam (a 
minimum flow below which water could not be diverted to storage between December and 
April 30). The technical report will be provided to CDFG and NMFS. 
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Terrestrial Biological Resources 

System Measures 

Habitat Monitoring and Compensation 

Measure 5.5.3-2c The SFPUC shall compensate for reduced productivity and diversity of 
San Francisco garter snake (SFGS) and California red-legged frog (CRLF) wetland habitat 
which could occur as a result of greater variability, extent and duration in drawdowns at 
Pilarcitos Reservoir as a result of implementation of Revised Measure 5.5.3-2a (Low-head 
Pumping Station at Pilarcitos Reservoir). To offset the potential loss of habitat quality, the 
SFPUC will develop an adaptive management plan for managing and maintaining 
freshwater marsh and other wetlands around the periphery of Pilarcitos Reservoir. This 
adaptive management plan would include pre- implementation monitoring and post-
implementation monitoring for up to 10 years to ensure that habitat is sustained at Pilarcitos 
Reservoir, to achieve no net loss of habitat and value for SFGS and CRLF habitat and 
document changes (if any) in extent or quality of the habitat attributable to operation of the 
low-head pumping station. 

In the event that habitat is reduced, one alternative for implementing such habitat 
compensation is the Habitat Reserve Program (HRP) currently being developed by the 
SFPUC. The purpose of the HRP is to provide a comprehensive, coordinated approach to 
mitigation and related regulatory compliance for WSIP projects and operations. The HRP is 
described further in the PEIR, Chapter 3.0, Section 3.12.3. Under the proposed HRP, the 
SFPUC would proceed as soon as possible with identifying, securing (through designation, 
management agreement, conservation easement, or acquisition of fee title) and improving 
lands to be used for habitat compensation so that mitigation is underway concurrent with 
habitat loss related to WSIP program activities, further ensuring no net loss of resources. The 
proposed HRP is undergoing CEQA environmental review in 2008 and 2009 and is targeted 
for implementation as soon as possible thereafter. Once the HRP is approved and 
implemented, the SFPUC will use this as one vehicle or method for implementing the 
mitigation requirements for WSIP-related activities. Otherwise, where appropriate and 
necessary, the SFPUC will develop and implement appropriate habitat compensation 
mitigation for WSIP system operational effects on Pilarcitos Reservoir, independent of the 
HRP. 

Adaptive Management of Freshwater Marsh and Wetlands at Upper and Lower 
Crystal Springs Reservoirs 

Measure 5.5.6-1a: To offset the loss of wetlands, a qualified professional will develop an 
adaptive management plan for managing and maintaining freshwater marsh and other 
wetlands around the periphery of Upper Crystal Springs, and Lower Crystal Springs 
Reservoirs. This adaptive management plan may include the following: 

• Gradually raise the reservoir elevations at appropriate times of year to maintain 
continuous freshwater marsh and riparian habitat along the shorelines to reduce 
potentially adverse effects to San Francisco garter snakes and California red-legged 
frogs.  

• Identify feasible measures to help to moderate the effects of reservoir drawdown, 
increase the extent of reservoir margins with the potential to support freshwater 
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marsh vegetation, and investigate the effectiveness for the management and control 
of predatory aquatic species such as largemouth bass and bullfrogs. 

• Perform monitoring and review to ensure that habitat is sustained at Upper and 
Lower Crystal Springs Reservoirs and elsewhere, as appropriate, to achieve no net 
loss of habitat and value for freshwater marsh, wetlands, and special-status species. 

• Observe all appropriate protective measures to avoid “take” of San Francisco garter 
snake.  In the event that the mitigation measures above cannot be followed, the 
SFPUC will prepare a sensitive species relocation plan, which would be approved by 
both the CDFG and USFWS.  Such a plan would detail how underground refugia 
would be excavated, identify suitable relocation areas, etc.  

Compensation for Impacts on Terrestrial Biological Resources 

Measure 5.5.6-1b: This measure mitigates for water supply and systemwide operation 
effects on resources within the Peninsula watershed. These impacts would occur primarily 
through operation of the Upper and Lower Crystal Springs Reservoir facilitated by the 
Crystal Springs Dam Improvements project (PN-9). 

The SFPUC will compensate for sensitive wetland, riparian and upland habitats and 
habitats which support key special-status species or other species of concern lost as a result 
of WSIP system operation. Similar habitat will be identified, protected, restored, enhanced, 
created and managed off-site7 to ensure no net loss of habitat extent or function. Similarly, 
in the event of the loss of large, mature oaks and oak woodland, creation and/or restoration 
of oak woodland elsewhere will be implemented to compensate for the loss of these 
common upland habitats. A qualified biologist will quantify the magnitude and extent of 
impacts to wetlands, sensitive habitats, other upland habitats, and key special-status species 
and other species of concern, and the SFPUC will develop and implement mitigation and 
compensation plans that meet the appropriate regulatory requirements and permit 

                                                      
7 Off-site means the compensatory action is located other than within the project construction footprint, but could be 

on lands already under SFPUC ownership. Measure 4.6-2 addresses compensatory actions to be taken within the 
construction footprint.  
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conditions with respect to compensation ratios, other conservation measures and 
management requirements to mitigate project impacts to less than significant levels.  

The SFPUC will obtain required permits and comply with applicable environmental 
regulations addressing sensitive habitats and species. Compensatory lands—including those 
restored or enhanced as well as those acquired or designated as protected as part of 
program mitigation--will be established in perpetuity with a commitment that such lands 
will not be used for any purpose that conflicts with the primary purpose of maintaining 
intact wildlife and plant habitat.  

One alternative for implementing such habitat compensation is a Habitat Reserve Program 
(HRP) currently being developed by the SFPUC. The purpose of the HRP is to provide a 
comprehensive, coordinated approach to mitigation and related regulatory compliance for 
WSIP projects and operations. This related SFPUC project is described further in 
Chapter 3.0, Section 3.11. Under the proposed HRP, the SFPUC would proceed as soon as 
possible with identifying, securing (through designation, management agreement, 
conservation easement, or acquisition of fee title) and improving lands to be used for 
habitat compensation so that mitigation is underway concurrent with habitat loss related to 
WSIP program activities, further ensuring no net loss of resources. The proposed HRP is 
scheduled for CEQA environmental review in 2007 and targeted for implementation as 
soon as possible thereafter. Once the HRP is approved and implemented, the SFPUC will 
use this as one vehicle or method for implementing the mitigation requirements for 
individual WSIP projects. Otherwise, where appropriate and necessary, the SFPUC will 
develop and implement appropriate habitat compensation mitigation for individual WSIP 
projects and operational effects. 

Compensation for Serpentine Seep-Related Special Status Plants 

Measure 5.5.6-1c: The SFPUC will develop and implement a plan to protect, create, and 
restore habitat for plant species adapted to serpentine seeps, particularly fountain thistle, 
around Upper and Lower Crystal Springs Reservoirs. The plan will also include control of 
pampas grass and any other invasive plant species within the serpentine seep habitat. 

Recreational and Visual Resources 

System Measures 
None required. 

6.4.5 Westside Groundwater Basin Resources 
System Measures  

Groundwater Monitoring to Determine Basin Safe Yield  

Measure 5.6-1: The SFPUC will continue ongoing studies, including the existing 
groundwater and lake level monitoring programs, to determine the safe yield of the North 
Westside Groundwater Basin in order to avoid overdraft and associated effects including 
adverse effects on surface water features and seawater intrusion. Using this data, the 
SFPUC will develop and implement a plan identifying appropriate pumping patterns to 
avoid overdraft and the undesirable effects associated with overdraft.  The plan will 
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establish  both a regular (average annual) and an intermittent (dry year or emergency) yield 
as well as a strategy for modifying pumping patterns such that the pumping levels can be 
sustained as an ongoing reliable water supply without depletion of groundwater storage or 
degradation of water quality.   

Implementation of a Lake Level Management Plan  

Measure 5.6-2: The SFPUC will develop and implement a lake level management plan 
identifying strategies for altering pumping patterns or lake augmentation to  maintain Lake 
Merced water levels within the desired long-term range should monitoring conducted under 
Measure 5.6-1 indicate the potential for adverse effects on lake levels due to groundwater 
pumping. The SFPUC will coordinate the implementation of this measure with 
Measure 5.6-1. 

Drinking Water Source Assessments for Groundwater Wells 

Measure 5.6-5: As required by the California Department of Health Services and 
incorporated as part of the WSIP, the SFPUC will prepare drinking water source 
assessments for groundwater wells constructed under the Local and Regional Groundwater 
Projects (SF-2) and will update these assessments every five years. If the assessment 
indicates no potential for contamination, then no mitigation is required. However, for wells 
that are considered vulnerable to contamination on the basis of the drinking water source 
assessment, the SFPUC will develop and implement a source water protection program 
specifying actions and a program to be implemented to prevent contamination of the 
drinking water source. 

The source water protection program could include nonregulatory components such as 
watershed restoration, stormwater monitoring, groundwater monitoring, and public 
education to protect drinking water quality. Land use planning, permitting, and possibly 
more restrictive regulatory methods may also be implemented by the local municipality 
where a threat to drinking water quality is indicated, and management of potential sources 
of microbiological or direct chemical contamination to eliminate or reduce the risk of 
contamination of the water supply may be considered. The SFPUC will encourage public 
participation in the development of the program and will update the program every five 
years along with the drinking water source assessments.  

6.4.6 Cumulative Projects and Impacts Related to WSIP 
Water Supply and System Operations 

System Measures 
None required. 
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6.5 Impacts of Mitigation Measures 
CEQA Section 15126.4 states that “if a mitigation measure would cause one or more significant 
effect in addition to those that would be caused by the project as proposed, the effects of the 
mitigation measure shall be discussed but in less detail than the significant effects of the project 
as proposed.”  This section identifies which mitigation measures described in Sections 6.3 and 6.4 
above may result in significant effects independent of the identified WSIP impacts, and describes 
the general nature of those effects. This discussion includes the following categories of mitigation 
measures:  

• Measures that would involve designated long-term use of lands for mitigation purposes. 
This includes mitigation measures requiring habitat compensation through creation, 
restoration, and enhancement of habitat as well as permanent set-aside for farmlands 

• Measures that would involve construction or operation in sensitive habitats 

• Measures that would affect SFPUC regional system water supply sources, potentially 
reducing overall supply available for customers. This includes mitigation measures 
requiring increased streamflow releases from storage reservoirs, reduced diversions to 
storage reservoirs, or reduced groundwater pumping. 

• Measures that would involve water transfers from other agencies, with potential to affect 
other water sources and associated resources or other water users. 

Prior to implementation of these types of measures, project-level CEQA review would be 
conducted as necessary to identify if and what impacts would be associated with these measures 
in and of themselves. Even though the objective of these measures is to reduce environmental 
impacts, additional mitigation actions may be necessary during the construction and/or operation 
of these measures depending on the specific design and location. However, the mitigation 
measures described in this section and the associated CEQA review are not integral to the 
approval and adoption of the overall WSIP as a comprehensive program and policy. In some 
cases, CEQA review of these measures may be incorporated as part of the subsequent project-
level environmental review of individual facility improvement projects, while in other cases, as 
described above for those measures, the measures are optional approaches to avoiding or reducing 
significant impacts and the SFPUC may elect to implement the alternative approach such that 
CEQA review would be superfluous. 

6.5.1 Measures that Designate Land for Mitigation Purposes 
Depending on the actual design of the measure, the following PEIR mitigation measures could be 
in this category: Measure 4.6-1b (Compensation for Wetlands and Other Biological Resources); 
Measure 4.13-2 (Siting Facilities to Avoid Prime Farmland); Measure 4.16-4a (Bioregional 
Habitat Restoration Measures); Measure 5.3.7-6 (Lower Tuolumne River Riparian Habitat 
Enhancement);  Measure 5.4.6-1 (Compensation for Impacts on Terrestrial Biological 
Resources); Measure 5.5.6-1b (Compensation for Impacts on Terrestrial Biological Resources); 
and Measure 5.5.6-1c (Compensation for Serpentine Seep-Related Special Status Plants). In 



6. Mitigation Measures 
 

SFPUC Water System Improvement Program 6-61 ESA+Orion / 203287 
Program EIR, Case No. 2005.0159E October 2008 

general, the types of potential impacts associated with long-term designation of lands for 
mitigation purposes include: 

• Land use: change existing character of the land; result in short-term disruption to nearby 
land uses during construction; and displace existing land uses (similar to Impacts 4.3-1 and 
4.3-2, which could be mitigated through siting measures similar to Measure 4.3-2). In 
particular, habitat compensation could affect existing agricultural uses (similar to 
Impact 4.13-2, which could be mitigated through measures similar to Measure 4.13-2, 
avoidance of Prime Farmland) 

• Biological resources: convert existing habitat types to other types, although habitat 
compensation would be expected to result in long-term benefit to biological resources; 
result in short-term disruption to existing biological resources during construction (similar 
to Impact 4.6-2, which could be mitigated through habitat protection/restoration measures  
similar to Measure 4.6-2, including construction timing restrictions to avoid impacts on 
sensitive species) 

• Geology: change the topography or physical features of a site (which could be mitigated 
through standard engineering and design measures to avoid substantial changes to unique 
geologic or physical features) 

• Water quality and hydrology: alter drainage patterns due to changes in grading and 
vegetation; result in erosion and sedimentation during construction (similar to Impacts 4.5-1 
and 4.5-6, which could be mitigated through standard construction measures for erosion 
and sedimentation control as well as through compliance with water quality regulations) 

• Traffic, air quality, noise: temporary construction impacts related to increased truck traffic 
on local streets, increased dust, and construction noise (similar to Impacts 4.8-1, 4.8-2, 4.8-
3, 4.9-1, 4.9-2, 4.10-1 and 4.10-2, which could be mitigated through standard construction 
measures, compliance with air quality regulations, and traffic, dust and noise control 
measures similar to Measures 4.8-1a, 4.9-1a, 4.9-1b, 4.9-1c, 4.9-1c, 4.9-1d, 4.10-1a, 4.10-
2a, and 4.10-2b) 

• Agricultural resources: convert prime farmland to non-agricultural uses (similar to Impact 
4.13-2, which could be mitigated through measures similar to Measure 4.13-2, avoidance 
with Prime Farmland); conflict with existing zoning for agricultural uses 

As indicated above, standard mitigation approaches are available, and implementation of those 
measures as well as any applicable water quality or biological resource permit conditions could 
reduce these impacts to less than significant.  

6.5.2 Measures that Involve Sensitive Habitats or Cultural 
Resources 

Depending on the actual design of the measure, the following PEIR mitigation measures could be 
in this category: Measure 5.3.6-4b (Fishery Habitat Enhancement Projects); Measure 5.3.7-6 
(Lower Tuolumne River Riparian Habitat Enhancement); Measure 5.4.5-3a (Minimum Flows for 
Resident Trout on Alameda Creek, which would requiring modifying the Alameda Creek 
Diversion Dam to allow bypass flows); Measure 5.4.5-3b (Alameda Diversion Dam Diversion 
Restrictions or Fish Screens, but only the fish passage barrier or screening option); and 
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Measure 5.5.5-1 (Create New Spawning Habitat Above Crystal Springs Reservoir). In general, 
the types of potential impacts associated with measures that involve construction or operation in 
sensitive habitats include: 

• Biological resources: convert existing habitat types to other types, although habitat 
compensation would be expected to result in long-term benefit to biological resources; 
result in short-term disruption to existing biological resources during construction (similar 
to Impacts 4.6-1 and 4.6-2, which could be mitigated through habitat protection/restoration 
measures similar to Measures 4.6-1a, 4.6-1b, and 4.6-2, including construction timing 
restrictions to avoid impacts on sensitive species) 

• Cultural resources: alteration of existing structures with potential historic significance such 
as the Alameda Creek Diversion Dam (similar to Impact 4.7-4 which could be mitigated 
through historic protection and documentation measures similar to Measures 4.7-4a, 4.7-4b, 
4.7-4c, 4.7-4d, and 4.7-4e) or the accidental discovery of cultural resources (similar to 
Impacts 4.7-1 and 4.7-2, which could be mitigated through paleontological and 
archaeological measures similar to Measures 4.7-1, 4.7-2a, and 4.7-2b) 

• Geology: change the topography or physical features of a site (which could be mitigated 
through standard engineering and design measures to avoid substantial changes to unique 
geologic or physical features) 

• Water quality and hydrology: alter drainage patterns due to changes in grading and 
vegetation; result in erosion and sedimentation during construction; place structures within 
a 100-year flood hazard area (similar to Impacts 4.5-1 and 4.5-6, which could be mitigated 
through standard construction measures for erosion and sedimentation control and 
implementation of water quality and flood protection measures required under applicable 
permit conditions) 

• Traffic, air quality, noise: temporary construction impacts related to increased truck traffic 
on local streets, increased dust, and construction noise (similar to Impacts 4.8-1, 4.8-2, 4.8-
3, 4.9-1, 4.9-2, 4.10-1 and 4.10-2, which could be mitigated through standard construction 
measures, compliance with air quality regulations, and traffic, dust and noise control 
measures similar to Measures 4.8-1a, 4.9-1a, 4.9-1b, 4.9-1c, 4.9-1c, 4.9-1d, 4.10-1a, 4.10-
2a, and 4.10-2b) 

As indicated above, standard mitigation approaches are available, and implementation of those 
measures as well as any applicable water quality or biological resource permit conditions could 
reduce these impacts to less than significant.   

6.5.3 Measures that Affect SFPUC Supply Sources 
The following PEIR mitigation measures would be in this category: Measure 5.4.5-3a (Minimum 
Flows for Resident Trout on Alameda Creek); Measure 5.4.6-3 (Operational Procedures for 
Calaveras Dam Releases); Measure 5.5.3-2 (Revised Operations Plan for Pilarcitos Watershed 
Facilities); Measure 5.6-1 (Groundwater Monitoring to Determine Basin Safe Yield); and 
Measure 5.6-2 (Implementation of Lake Level Management Plan). These measures could have 
the effect of reducing available local water supply sources needed to meet customer demands and 
to achieve WSIP goals, objectives, and levels of service. Measures 5.4.5-3a and 5.4.6-3 could 
reduce storage in Calaveras Reservoir; Measure 5.5.3-2 would limit use of Pilarcitos watershed 
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supplies to current levels and, in turn, may require additional supply from other regional system 
sources; and Measure 5.6-1 could result in reduced levels of groundwater pumping from the 
North Westside Groundwater Basin. Depending on the magnitude of these measures, the SFPUC 
may need to increase use of other water supply sources in order to serve the 300 mgd average 
annual customer purchase requests in 2030 and to meet the water supply level of service 
performance objectives of the WSIP.  

One possibility could be increased use of water supplies from Hetch Hetchy Reservoir, resulting 
in potential impacts on the Tuolumne River similar to those discussed in Chapter 5 and Chapter 8 
(under Variant 1, All Tuolumne). Other possible alternative water sources and their potential 
impacts are discussed in Chapters 8 and 9. These include potable water from desalination, 
increased levels of conservation and water recycling, or other water sources.  However, at this 
time, the timing as well as the magnitude of the potential effects of these measures are unknown, 
and the actual impact on other SFPUC supply sources could be less than significant if the change 
is within the typical inter-annual variation of SFPUC customer water deliveries. Other 
intervening factors, such as results of groundwater monitoring under Measure 5.6-1 or the 
planned Habitat Conservation Plan for fish in Alameda Creek, could reduce the estimated severity 
of the potential impacts and obviate or override the need for these measures. 

6.5.4 Measures that Affect Other Water Sources 
The following PEIR mitigation measure would be in this category: Measure 5.3.6-4a (Avoidance 
of Flow Changes by Reducing Demand for Don Pedro Reservoir Water). At this time, it is 
unknown what sources of water or water users could be affected by a water transfer arrangement 
with TID, MID, or other agency or agencies that involves use only of conserved water. 
Supplemental water could be made available as a result of: 

• Water use efficiency and conservation for agricultural, residential and commercial users 

• Land use changes, either agricultural to urban, or more water intensive (e.g., pasture) to 
less intensive (e.g., orchard) 

• Conjunctive use of groundwater 

• Recycled water 

• Tiered water pricing 

• Land fallowing of agricultural lands.  

In general, the types of potential environmental impacts associated with water transfers from 
these types of sources include: 

• Land use:  reduced agricultural activity (similar or related to Impact 4.3-2 which could be 
mitigated through siting measures similar to Measure 4.3-2) 

• Biological resources: indirect effects on aquatic and/or terrestrial biological resources due 
to possible reductions in irrigation/drainage system return flows, reductions in discharges 
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of treated wastewater, changes in land use from more water intensive uses to less water 
intensive uses, or lowered groundwater tables (similar to Impacts 4.6-1, 4.6-2, 4.6-3, and 
4.6-4 which could be mitigated through habitat protection/restoration measures similar to 
Measures 4.6-1a, 4.6-1b, 4.6-2, 4.6-3a, 4.6-3b, and 4.6-4) 

• Water quality and hydrology: reduced groundwater recharge due to agricultural water 
conservation practices such as lining irrigation canals or conversion to drip irrigation, or 
land use changes (similar to Impact 4.5-2 which could be mitigated through groundwater 
protection measures similar to Measure 4.5-2) 

• Agricultural resources: reduced agricultural activity due to farming; potential conversion of 
idle agricultural land to other uses (similar to Impact 4.13-2, which could be mitigated 
through measures similar to Measure 4.13-2, avoidance of Prime Farmland) 

• Noise: increased noise from use of pumps for conjunctive-use groundwater program 
(similar to Impact 4.10-4, which could be mitigated through standard construction 
measures for noise controls) 

• Energy: increased use of energy for conjunctive-use groundwater or recycled water 
programs (similar to Impact 4.15-2 for the Groundwater Projects, SF-2) and Recycled 
Water Projects, SF-3, which could be mitigated through energy efficiency measures similar 
to Measure 4.15-2) 

• Air Quality: increased particulate emissions from on-farm efficiency measures like land 
leveling (which could be mitigated through standard dust control measures similar to those 
listed in Measure 4.9-1a) 

As indicated above, standard mitigation approaches are available, and implementation of those 
measures as well as any applicable water quality or biological resource permit conditions could 
reduce these impacts to less than significant. 

6.6 Summary Tables of All Impacts and Mitigation 
Measures 
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Section 1: Purpose and Background 

1.1 Purpose 

This report presents the results of a conceptual-level feasibility analysis for developing an 
alternative water supply for golf course irrigation at Menlo Country Club (Menlo CC). Three 
water supply alternatives were evaluated for the study, including: 

1. Local groundwater from onsite or offsite wells; 

2. Recycled water from the City of Redwood City (Redwood City) system; and 

3. Recycled water from a new onsite satellite treatment facility. 

The objective of the study is to identify which of these alternatives are most feasible, and what 
the appropriate next steps would be to move forward with one or more potentially feasible 
alternatives. The study participants include Menlo CC and the San Francisco Public Utility 
Commission (SFPUC). 

1.2 Background 

The use of potable water for irrigation at Menlo CC has become increasingly expensive. The 
cost is approaching $350,000 annually and is projected to increase further in the coming years. 
In addition to cost increases, the level of reliability during droughts could become an issue, as 
the Menlo CC may be subject to irrigation water rationing or reductions during certain drought 
conditions. 

Currently, Menlo CC receives water from two retail providers. Domestic water is supplied from 
CalWater, and irrigation water is supplied by the SFPUC. Historically, the SFPUC met the 
majority of its water demands through the Regional Water System1. In 2008, the SFPUC 
adopted the Phased Water System Improvement Program Variant (Phased WSIP Variant). The 
Phased WSIP Variant requires that the SFPUC limit surface water sales from the Regional 
Water System watersheds to an average of 265 million gallons per day (MGD) to meet the 
combined demands of San Francisco (retail) and other (wholesale) SFPUC customers 
through 2018. Based on that decision, the SFPUC agreed to limit supplies from the Regional 
Water System watersheds to serve retail customers, including Menlo CC, to a total of 81 MGD 
through 2018. 

To diversify the water supply portfolio and meet the needs of the Phased WSIP Variant, the 
SFPUC is developing new local water supplies. The SFPUC’s diversification efforts include 
water conservation, groundwater and recycled water to appropriately meet customers’ needs. In 

                                                 
1 The entire SFPUC water system, including all facilities serving the SFPUC wholesale and retail customers, except for the retail 

customers in San Francisco. The SFPUC Regional Water System consists of a complex network of facilities covering a 
geographic range of about 160 miles, from Hetch Hetchy Reservoir in the Sierra Nevada on the east to San Francisco on 
the west. The regional water system crosses seven counties—Tuolumne, Stanislaus, San Joaquin, Alameda, Santa 
Clara, San Mateo, and San Francisco. The regional water system includes over 280 miles of pipelines, over 60 miles of 
tunnels, 11 reservoirs, 5 pump stations, and 2 water treatment plants 
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recent years, the SFPUC has helped develop projects that reduce potable water demands for 
non-potable applications, such as irrigation. 
 
Redwood City is the water and recycled water purveyor within its city limits. Menlo CC is located 
adjacent to the Redwood City boundary within the City of Woodside. Redwood City recently 
completed its $72.4M Phase 1 Recycled Water Project that includes treatment, storage, 
pumping and pipeline facilities serving a variety of customer sites. Recycled water is used 
primarily for landscape and turf irrigation at night at these sites, although some commercial and 
industrial uses occur during the day. 

Recycled water is produced at the South Bayside System Authority (SBSA) Wastewater 
Treatment Facility in the Redwood Shores area. SBSA produces Disinfected Tertiary Recycled 
Water suitable for “unrestricted use” under Title 22 of the California Code of Regulations (CCR). 
This is the highest classification of recycled water under this regulation, and it may be used for 
golf course irrigation and for storage in onsite impoundments at golf courses with unrestricted 
public access.  

SBSA is a Joint Powers Authority (JPA) between the Redwood City, Belmont, San Carlos and 
West Bay Sanitary District. Redwood City was the lead agency in developing and implementing 
a recycled water project, and paid for all of the treatment, storage, pumping, and pipeline 
facilities and customer site retrofits. The Final Environmental Impact Report for a city-wide 
Recycled Water Project includes serving up to 3,238 acre-feet per year (af/yr) (2.9 MGD), 
Average Annual Demand2, to existing and future Redwood City customers. 

SBSA and Redwood City have a separate agreement for the Phase 1 Recycled Water Project. 
Under the terms of this agreement, SBSA operates the tertiary treatment and disinfection 
facilities and is responsible for providing recycled water that meets Title 22 regulatory 
requirements for unrestricted use at the point where recycled water flows over the weir from the 
chlorine contact tank into the storage facility. Redwood City owns and operates the storage and 
pumping facilities that are located on SBSA’s site, and a recycled water distribution system 
consisting of over 40,000 linear feet (lf) of pipelines constructed in city streets. Redwood City 
currently is serving recycled water to customers in the Redwood Shores area and the Seaport 
Industrial area, located on the east side of Highway 101 along the San Francisco Bay. The 
pipelines from SBSA’s site, through the Redwood Shores area to Highway 101 and along 
Highway 101 to the Seaport Industrial area, have been oversized in anticipation of a future 
system expansion to serve customers in the central areas of Redwood City on the west side of 
Highway 101 and/or to deliver recycled water to neighboring communities as part of a possible 
regional system. Additional details of the Redwood City Recycled Water Project are included in 
Section 4.1. Figure 1 illustrates the existing Redwood City Recycled Water Project.  

 
2 Throughout this Study, Average Annual Demand is listed in acre-feet per year (af/yr), with the equivalent 

in million gallons per day (MGD) listed in parenthesis. The Average Annual Demand listed in 
MGD is the amount of recycled water used annually, averaged over 365 days, and should not be 
confused with peak project capacity. 
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Section 2: Irrigation Demand 

This section summarizes the methodologies used to establish the average and peak irrigation 
demands at Menlo CC. 

2.1 Methodology 

2.1.1 Data Collection and Review 

The consultant team met with the Golf Course Superintendent, Scott Lewis, to discuss the 
current irrigation strategy and to obtain water meter records, local ETo data, and soil test 
reports. Menlo CC maintains billing records of water usage and operates its own weather station 
that records evapotranspiration (ETo) rates. This information is used by the operating staff to set 
watering schedules for the golf course. According to Menlo CC, irrigation demands are not 
expected to change significantly in the future, even if the golf course is improved (for example, 
relocating Hole #12) or completely redeveloped. Therefore, the historical water use is 
considered a good estimate for this conceptual level feasibility analysis. The potential impact of 
climate change is not considered.  

Menlo CC provided 23 years of monthly water bills from 1987 to 2009, which were reviewed and 
analyzed to determine the following water use patterns: 

 Long-term average annual use, 

 Long-term average monthly use, and 

 Annual and monthly use in wet and dry weather years. 

These use patterns are illustrated on bar charts provided in Appendix A.  

2.1.2 Irrigation Demand Estimates 

Average and peak irrigation demands were developed using two methodologies. First, site-
specific meter and ETo data were reviewed and this information was compared to a theoretical 
approach using general site information: 

1. Meter Record Methodology: Meter data and ETo data from the onsite weather station 
were used to estimate irrigation demands.  

2. Theoretical ETo Methodology: Theoretical irrigation demands were estimated using the 
estimated irrigated area at Menlo CC, average monthly ETo data obtained from the 
California Irrigation Management Information System (CIMIS), and precipitation data 
obtained from the Western Regional Climate Center. 



The following demands were developed using the two methods and are summarized in Table 1.  

a. Average Annual Demand (AAD) –Annual irrigation demand during a year with 
average climate conditions is typically measured in units of acre-feet per year (af/yr) 
and/or millions of gallons per day (MGD). To the SFPUC, the AAD represents the 
potential water supply benefit of converting Menlo CC from the potable supply to an 
alternative water supply. 

b. Average Month Demand (AMD) – Average monthly irrigation demand over the 
months when irrigation occurs 

c. Average Day Demand (ADD) – Average demand for all the days of the irrigating 
months 

d. Peak Month Demand (PMD) – Peak monthly irrigation demand during a year with 
dry climate conditions.  

e. Peak Month, Average Day Demand (PMAD) – Average daily demand during the 
peak month.  

f. Peak Day Demand (PDD) – Largest demand that would need to be provided for 
irrigation over any 24-hour period. The PDD is used to size two facility components 
in this evaluation: the daily supply capacity of the alternative water source under 
consideration and the onsite storage requirement. Onsite storage volume depends 
on the timing, delivery rate and operations of the alternative source and on the 
delivery capacity of the onsite irrigation system. Refer to Sections 4.6 and 4.7 for 
further discussion of how Peak Day Demand impacts facilities sizing. 

g. Peak Hour Demand (PHD) – Instantaneous maximum demand on the irrigation 
system during the peak day. The PHD, typically expressed in gallons per minute 
(gpm), is used to establish the size of the onsite irrigation pumping and pipeline 
facilities. 

Irrigation at Menlo CC typically occurs during a 5-hour period from 11:00 pm to 
4:00 am, and the onsite irrigation pumps typically operate at 1,100 to 1,200 gpm. 
However, the irrigation pumps can deliver up to 1,400 gpm to meet peak demands. 
On peak demand days, the irrigation window is extended to ensure adequate 
irrigation water is delivered. For this evaluation it is assumed that onsite irrigation 
pumps would be sized to match the existing system and that current operating 
practices would continue in the future. 

Therefore, a 1,400 gpm peak hour demand is used to size irrigation pipelines and 
pump facilities, as discussed further in Sections 4.6 and 4.7. 
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Table 1: Comparison of Demand Estimating Methodologies 

 Meter Record Methodology Theoretical ETo Methodology(a) 

Average Annual 
Demand (AAD)  

long-term average of annual 
irrigation demands using 23 years of 
meter data from Menlo CC 

The following formula is used to 
estimate AAD: 

Theoretical Demand (af/yr) = 
Replacement ETo) x (Irrigated Area) 
x (ETo Factor) 

Where:  Replacement ETo = 30 
inches/year 

Irrigated Area = 100 acres (provided 
by Menlo CC) 

ETo Factor = 1.0 for an average-
climate year 

Average Month 
Demand (AMD)  

AMD = AAD ÷ number of months of 
irrigation per year 

Menlo CC irrigation records indicate 
that irrigation occurs for 8 months, 
from March through October 

AMD = AAD ÷ number of months of 
irrigation per year 

ETo data presented in Appendix B 
indicates that irrigation occurs for 7 
months, from April through October. 

Average Day 
Demand (ADD)  

ADD = AAD x (365 ÷ # of days of 
irrigation) 

Menlo CC’s meter data indicates 
that irrigation occurs from March 
through October, for 245 days per 
year. 

ADD = AAD x (365 ÷ # of days of 
irrigation) 

ETo data presented in Appendix B 
indicates that irrigation occurs from 
April through October, for 214 days 
per year. 
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 Meter Record Methodology Theoretical ETo Methodology(a) 

Peak Month 
Demand (PMD)  

Bay Area climate conditions and 
Menlo CC’s meter data were 
analyzed with the following results: 

i. The year 2007 was chosen for 
analysis as the most recent year 
with notably dry climate conditions 
in the Bay Area. Precipitation in the 
Redwood City/Woodside area was 
less than 50% of the long-term 
average. The annual irrigation 
demand at Menlo CC in 2007 was 
among the highest of the past 23 
years.  

ii. The peak irrigating month at 
Menlo CC in 2007 occurred in June, 
and is chosen as the basis for the 
peak month demand. 

Estimated based on the relationship 
between the average and peak 
month demands of an average 
precipitation year.  

PMD = AMD x (Peak Month ETo ÷ 
Average Month ETo)  

Using the data provided in Appendix 
B: 

Peak Month ETo ÷ Average Month 
ETo = 1.3 

Peak Month, 
Average Day 
Demand (PMAD) 

PMAD = PMD ÷ 30 days per month PMAD = PMD ÷ 30 days per month 

Peak Day 
Demand (PDD) 

Based on the peak month of the dry 
year noted above (June 2007). 

The PDD is calculated in three 
steps: 

i. Estimate the average daily 
demand during the peak month. 
This is Peak Month Average Day 
(PMAD). PMAD = PMD/30 days. 

ii. Estimate the ratio of peak daily 
demand to average daily demand in 
June using daily ETo data provided 
by Menlo CC. This ratio is 1.5. 

iii. PDD demand is calculated as 
PDD = PMAD x 1.5. 

Estimated based on the peaking 
relationship between the average 
and peak month demand for a year 
of average precipitation and a dry 
year, respectively.  

PDD = ADD x (Dry-Year Peak 
Month ETo ÷ Average-Year Average 
Month ETo)  

Using the data provided in Appendix 
B, Dry-Year Peak Month ETo ÷ 
Average-Year Average Month ETo 
= 1.3.  

Note that average demand is 
significantly higher during the dry 
year, but the peak demand remains 
relatively constant for average and 
dry years using this methodology. 

Peak Hour 
Demand (PHD) 

Assumes that irrigation pumps 
would be sized to match the existing 
system and that current operating 
practices would continue in the 
future. 

Assumes that irrigation pumps 
would be sized to match the existing 
system and that current operating 
practices would continue in the 
future. 

(a) ETo and Precipitation Data are Provided in Appendix B.  
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2.2 Demand Summary 

The two demand estimating methodologies resulted in significantly different average and peak 
demands. This is due to the nature of the data upon which each methodology is based, as 
explained below: 

 For Average Annual Demand, the two methodologies use different base data. The Meter 
Record Methodology takes into consideration the actual metered use for landscape 
irrigation over a 23 year period. The Theoretical ETo Methodology is based on a rough 
estimate of irrigated area, as provided by Menlo CC staff, and assumes 100% turf 
irrigation. A detailed site assessment to determine different types of landscape coverage 
or efficiencies of specific irrigation devices would be necessary to develop a more 
accurate Theoretical ETo demand estimate, but was not within the scope of work for this 
study. Therefore, it is assumed that the 23-year average used in the Meter Record 
Methodology provides a more accurate estimate of Average Annual Demand for 
Menlo CC irrigation demands than the Theoretical ETo Methodology. 

 For peak demands, the two methodologies use different base data, resulting in different 
peaking factors. The Meter Record Methodology uses the historical meter data to 
determine the peak month demand and uses onsite ETo data to determine the daily 
peaking factor. The Theoretical ETo Methodology uses historical ETo and precipitation 
data to estimate the peaking factors. 

 For Peak Day Demand, the Meter Record Methodology incorporates the Menlo CC 
irrigation strategy, in which irrigation rates are adjusted daily based on the previous 
day’s replacement ETo rate. Therefore, the Peak Day Demand is impacted by the 
variation in daily ETo rates. The Peak Day Demand developed in the Theoretical ETo 
Methodology is more appropriate for a site that sets the irrigation system to operate on a 
consistent schedule from day to day. Therefore, the Theoretical ETo Methodology is not 
expected to provide a good indication of Peak Day Demand for Menlo CC. Facilities 
sizing in Sections 4.6 and 4.7 is based on the Meter Record Methodology. 

The meter record information is the most accurate demand information available and is used for 
facilities sizing herein. The Peak Day Demand of approximately 0.72 MGD falls within the 
demand range (0.5 MGD – 1 MGD) that has been observed for other 18-hole championship 
courses in the Bay Area. Regional golf courses are trending towards reduced irrigation in 
response to rising water costs and compliance with Senate Bill 7 requirements for the state to 
conserve 20% of its water supply by the year 2020. In order to respond to these challenges, golf 
course operators are employing a variety of measures, including using ETo based irrigation, 
reducing irrigation in rough areas, downsizing fairways, and improving onsite irrigation system 
efficiency via newer sprinkler technologies, all of which reduce the amount of water required for 
irrigation. Menlo CC implemented an ETo based irrigation system in 1986, which has allowed 
the irrigation system to adjust to irrigation demands on a daily basis. Menlo CC staff does not 
anticipate a reduction in irrigation demands in the future. 
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Table 2: Summary of Irrigation Demands 

Type 

Demand: 
Meter Record 
Methodology 

Demand:  
Theoretical ETo 

Methodology 
Average Annual Demand 207 af/yr / 0.18 MGD(a)  250 af/yr / 0.22 MGD(a) 
Average Month Demand 24.9 af/mo / 8.1 MG/mo 35.7 af/mo / 11.6 MG/mo 
Average Day Demand 0.27 MGD 0.36 MGD 
Peak Month Demand 43.8 af/mo / 14.3 MG/mo 46.3 af/mo / 15.1 MG/mo 
Peak Month, Average Day Demand 0.48 MGD 0.50 MGD 
Peak Day Demand 0.72 MGD 0.51 MGD 
Peak Hour Demand 1,400 gpm 1,400 gpm 
(a) The Average Annual Demand in MGD is the amount of recycled water used annually, averaged over 365 days.
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Section 3: Groundwater Supply Potential 

The potential use of groundwater as an alternative water supply for golf course irrigation at 
Menlo CC was considered by Kennedy/Jenks in consultation with Todd Engineers. Todd 
Engineers is a nationally recognized hydrogeology firm, and they have specific, recent 
experience with similar local groundwater evaluations for Menlo Park, Sharon Heights Golf and 
Country Club, and Redwood City. These studies are used as a basis to evaluate the potential 
for developing onsite and offsite wells. Groundwater is considered an alternative of interest 
because using groundwater for irrigation could potentially be less costly than extending recycled 
water service to the site from Redwood City or by using an onsite satellite treatment approach. 
The onsite groundwater supply alternative was considered using two scenarios: 

1. Scenario 1 would establish an onsite or offsite well (or wells) that could reliably supply 
the peak day demand of 0.72 MGD over a 24-hour period. An appropriately sized onsite 
storage facility would provide the operational storage required to meet the peak hour 
demand. A new irrigation pump station would pump groundwater from storage into the 
existing irrigation system. 

2. Scenario 2 would involve establishing an onsite or offsite well (or wells) that could 
reliably supply the peak hour demand of 1,400 gpm directly from the wellhead(s) to the 
irrigation system, without requiring a new storage facility or irrigation pump station. 

For both scenarios, a provision for standby connection to the existing potable system would be 
recommended to maintain reliability for ongoing operations and maintenance of the wells. 

3.1 Methodology 

The potential to develop groundwater resources onsite at Menlo CC was assessed through the 
use of recent evaluations and hydrogeological studies relevant to the area. Alluvial deposits are 
of most interest to this study since they comprise the water-bearing deposits in the area. 

3.1.1 Onsite Groundwater Well 

Todd Engineers evaluated the potential for using an onsite groundwater well as an alternative 
water supply for Menlo CC. The evaluation of the onsite groundwater potential for Menlo CC is 
provided in a Memorandum by Todd Engineers, dated 22 September 2010, which is included in 
Appendix C. The evaluation is summarized in the following paragraphs.  

In 2003, Todd Engineers conducted a feasibility study assessing the potential to develop 
groundwater resources for Redwood City (included as an Attachment in Appendix C). Although 
Menlo CC lies just outside of Redwood City, the conclusions and analysis of that study are 
useful in conducting this assessment. The Redwood City study concluded that the area has 
marginal potential as a groundwater resource, and that a properly sited and designed well might 
be expected to produce a flowrate on the order of 200 gpm. Due to the variation in the thickness 
of the alluvium that comprises the water bearing formations in the area, it was concluded that 
the greatest opportunities for developing groundwater were either in south Redwood City near 



the border with Atherton or near San Francisco Bay. Menlo CC is outside the area where a 
reliable groundwater source could be developed.  

While the Whiskey Hill Formation (bedrock) beneath the site might potentially contain zones 
with adequate porosity and/or fractures to produce water, it is doubtful that a bedrock well or 
wells would produce the quantities of water needed for golf course irrigation. There are no 
available data on production from bedrock wells in the area, but a well would be expensive to 
drill, would likely need to be relatively deep, and its production capability would be uncertain. 

Further evidence of the lack of reliability of local groundwater resources was provided by a 
nearby pilot well in 2006/2007. Redwood City was interested in serving Red Morton Park with 
groundwater by constructing a bedrock well. This park is located approximately one mile north 
of Menlo CC and at a similar location and elevation with respect to the subsurface geologic 
formation. The pilot well failed to produce groundwater (less than 1 gpm) and the concept of 
using groundwater to irrigate the park was abandoned.  

3.1.2 Offsite Groundwater 

Irrigation at Sharon Heights  

A study was performed in 2009 to evaluate the feasibility of developing an alternative irrigation 
water supply for Sharon Heights Golf & Country Club (Sharon Heights). Sharon Heights is 
located approximately two miles southwest of Menlo CC and at a higher elevation. Several 
water supply alternatives were considered, including a groundwater supply. Possible well sites 
under consideration included Nealon Park, Hillview School, and areas west of I-280. The most 
promising groundwater alternative was to partner with the City of Menlo Park to develop a new 
well at Nealon Park, which is located approximately three miles east of Menlo CC. This new well 
would be used to serve both the City of Menlo Park and Sharon Heights with irrigation water. 

The results of the Nealon Park evaluation indicate that a 600-foot deep, 12-inch diameter well 
might produce between 450 and 625 gpm. No excess well capacity is expected to exist. A 
site-specific exploration (boring and/or a test well) was recommended to confirm factors such as 
the potential yield and groundwater quality. 

The conceptual groundwater project included constructing a well at Nealon Park, a new pipeline 
from Nealon Park to Sharon Heights, and a storage tank at Sharon Heights. The facilities would 
serve Sharon Heights, Nealon Park, and other parks and schools along the pipeline alignment. 
The study estimated the facilities capital costs to be approximately $3.7 million, including the 
well, pipelines, and storage facility. 

Alternative Water Supply for Menlo Park and East Palo Alto  

In 2006, a study was performed to evaluate alternative water supplies for the City of Menlo Park 
and the City of East Palo Alto, both of which are 100% reliant on the SFPUC Regional Water 
System for potable supply. As part of this study, an evaluation was performed to determine the 
potential for using groundwater as an alternative supply in the event of long-duration outages of 
Hetch Hetchy aqueducts due to a significant seismic event. The use of groundwater as a 
continuous, long-term supply was not investigated. 
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Current groundwater use in the area is approximately 1,100 af/yr, and it is used primarily for 
irrigation, although some municipal and industrial uses are served by the Palo Alto Park Mutual 
Water Company and the O’Connor Tract Cooperative Water Company. The groundwater quality 
is acceptable for potable uses but has higher concentrations of hardness, total dissolved solids, 
iron, manganese, and chlorides when compared to potable water from the SFPUC Regional 
System. 

The evaluation concluded that emergency groundwater resources could likely be developed in 
the Menlo Park/East Palo Alto area. Properly sited wells might be capable of producing between 
300 and 1,800 gpm, but site-specific studies would be necessary to determine final well siting 
and production capacity. The study concluded that groundwater could be a viable alternative 
supply source during longer-duration outages and droughts, and that careful monitoring and 
management at a regional level would be required to prevent saltwater intrusion and subsidence 
from occurring. The reliability of using groundwater over the long-term would require further 
evaluation. The study estimated that the capital cost to construct a 500 foot deep, 12-inch 
diameter well and related facilities capable of producing 1,000 gpm is approximately $4 million.  

Areas West of Menlo CC 

Alluvial deposits, which comprise the water-bearing formations, form a wedge that thins to the 
west near the bedrock hills and thickens to the east towards the Bay. Areas west of Menlo CC, 
near Highway 280, are underlain by bedrock with little to no alluvial deposits and are farther 
from water-bearing strata. Therefore, the hilly areas west of Menlo CC are not likely to produce 
adequate quantities of water for irrigation.  

3.2 Groundwater Summary 

The results of the groundwater feasibility analysis indicate that the Menlo CC is positioned over 
the Whiskey Hill Formation, which does not possess the hydrogeologic attributes required to 
provide a reliable onsite irrigation supply under either of the two groundwater scenarios. The 
recent failure of Redwood City’s well development project at nearby Red Morton Park further 
supports this conclusion. 

The proposed Sharon Heights/City of Menlo Park well at Nealon Park would appear to have 
sufficient capacity to serve Menlo CC only under Scenario 1, which uses storage. However, the 
current planning for this project shows that the supply is fully committed to Menlo Park and 
Sharon Heights uses, and no excess capacity exists. Therefore, importing groundwater from 
Nealon Park is not a feasible supply alternative. 

Developing a reliable long-term groundwater supply for Menlo CC from wells in the Menlo 
Park/East Palo Alto area might be possible under Scenarios 1 and 2. However, there is 
inadequate information available to assess this alternative under this study. Additional 
hydrogeologic evaluations and siting analysis would be required to determine the long-term 
reliability of the supply, well locations, pipeline alignments, and estimated costs for this 
alternative. Menlo CC and SFPUC would likely need to partner with the City of Menlo Park 
and/or the City of East Palo Alto to move forward with such a feasibility analysis. 
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Section 4: Recycled Water Supply Potential: Connection to 
Redwood City’s Recycled Water System 

The potential to use Redwood City’s recycled water as an alternative source of supply is 
explored in this section. This alternative involves serving Menlo CC via connection to Redwood 
City’s existing Phase 1 Recycled Water Project. 

4.1 Redwood City Recycled Water Program Background 

The “Water Recycling Feasibility Study for Redwood City” (August 2002, Kennedy/Jenks) 
evaluated several project alternatives and recommended moving forward with a project that 
supplies 1,955 af/yr (1.75 MGD), average annual demand. During the project approval process, 
community opposition developed against a potential “mandatory use” policy and against the use 
of recycled water where children play. In 2003/2004, Redwood City convened the Community 
Task Force on Recycled Water as a means to address the community’s concerns and to build 
support for a project that was agreeable to all parties. The Community Task Force provided 
recommendations to the City Council which were accepted, and a decision was made to 
proceed with implementation of a project titled “Alternative TF”. Alternative TF removed parks 
and schools from the customer base, converted some play fields from grass to synthetic turf, 
made the use of recycled water voluntary for existing Redwood City customers, and 
implemented aggressive water conservation measures to achieve additional potable water 
savings. Alternative TF, depicted in Figure 2, serves up to 1,722 af/yr (1.54 MGD), Average 
Annual Demand, of recycled water to customers primarily on the east side of Highway 101, with 
a few customers on the west side of Highway 101. Redwood City has taken a phased approach 
to implementation of the recycled water system and has focused on construction of a Phase 1, 
which is limited to serving customers on the eastern side of Highway 101. 

4.2 Existing Redwood City Recycled Water Facilities 

Redwood City recently completed its $72.4M Phase 1 Recycled Water Project. The project 
includes treatment, storage and pumping facilities at the South Bayside System Authorities 
Wastewater Treatment Plant, distribution pipelines in City streets and the Highway 101 bike 
path, and customer site retrofits at the point of use. The facilities are further described as 
follows: 

 Treatment Facilities – Tertiary treatment and disinfection of the recycled water is 
provided to create the recycled water supply at South Bayside System Authorities 
(SBSA) Wastewater Treatment Plant, which is located in the Redwood Shores area east 
of Highway 101. These facilities were designed and permitted to produce up to 
12.96 MGD (9,000 gpm) of Disinfected Tertiary Recycled Water suitable for unrestricted 
use under the California Code of Regulations (CCR), Title 22. This classification of water 
may be used for golf course irrigation and storage in onsite impoundments, where there 
is unrestricted public access. 
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 Storage Facilities – Two 2.1 million gallon storage tanks at SBSA provide a total 
recycled water storage capacity of 4.2 MG. These partially buried, cast-in-place concrete 
structures provide the operational storage needed to manage diurnal variations in supply 
and demand. The peak system demand occur primary at night when the system serves 
its irrigation customers. 

 Pumping Facilities – The Distribution Pump Station (DPS) is also located at SBSA, 
adjacent to the storage tanks, and it is currently being upgraded to a capacity of 
13,100 gpm at 73 psi. The DPS provides the peak hour demand for the entire Phase 1 
System. Typical system operating pressures are approximately 65 psi. Although the 
pump station can provide a higher discharge pressure, the system is operated at lower 
pressure, as part of Redwood City’s voluntary “Delta 10 Operating Strategy.” Under this 
operating strategy, the recycled water system pressure is maintained 10 psi lower than 
the pressure in the adjacent potable water system, providing enhanced cross-connection 
protection. This operating strategy is voluntary, so Redwood City could increase the 
system pressure in the future should it become a desirable option. 

 Distribution Pipelines – Over 40,000 lf of new recycled water pipelines, ranging from 8 to 
36-inches in diameter, have been constructed within Redwood City streets and along 
Highway 101 right-of-way (ROW) in the Caltrans bike path. The pipelines deliver 
recycled water to irrigation, commercial and industrial customers in the Redwood Shores 
and the Seaport Industrial areas on the east side of Highway 101. 

The institutional arrangement between Redwood City and SBSA is detailed in the “Agreement 
for the Production and Delivery of Recycled Water Between the South Bayside System 
Authority and Redwood City” (August 2004). Under the agreement, SBSA owns, operates and 
maintains the treatment facilities3 and agrees to deliver up to 9,000 gpm of recycled water to 
Redwood City. Redwood City owns, operates and maintains the storage, pumping and 
distribution facilities.  

Recycled water use is increasing as new customers apply for service and are connected to the 
Phase 1 system. Approximately 475 af (0.42 MGD) of recycled water will be served to 
customers in 2010. Redwood City is currently evaluating the potential to serve Homeowners 
Associations (HOAs) in the Redwood Shores area and is developing retrofit plans for 15 HOA 
sites. Additionally, twelve sites are also considering using recycled water for non-irrigation 
applications uses such as toilet flushing, cooling tower makeup, dust control, washdown and 
concrete batching. By the end of 2012, it is anticipated that 835 af (0.75 MGD) will be delivered 
to Phase 1 customers. The HOA’s will use water for irrigation at night; commercial and industrial 
customers will use recycled water primarily for non-irrigation uses during the day. Table 3 
summarizes the existing and anticipated future annual demands on the Phase 1 system through 
the end of the year 2012. 

                                                 
3The disinfection system is owned by Redwood City but operated and maintained by SBSA.  
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Table 3: Phase 1 Recycled Water System Annual Demands  

 Demand(a) 
Existing Customers in 2010(b) 475 af/yr / 0.42 MGD  
Future Customers by 2012(c)  360 af/yr / 0.32 MGD 
Total Demand 835 af/yr / 0.75 MGD 
(a) The Average Annual Demand in MGD is the amount of recycled water used annually, averaged over 365 days. 
(b) Existing customer demand is based on recycled water meter records as of October 2010 and assumes that 

demands in November and December will be similar to demands in January and February. 
(c) Anticipated future demands include irrigation of HOAs and non-irrigation uses within the Phase 1 area and these 

demands are based on water meter records.  

4.3 Available System Capacity for Expansion Opportunities  

The 2002 Feasibility Study provided a conceptual plan for a city-wide recycled water project 
(see Figure 3). However, this study has not been updated to reflect the impacts of the 
Community Task Force recommendations or the final design of the Phase 1 System. Because 
of turf replacement programs and a decision to not serve public spaces where children play, the 
customer base and pipeline alignments shown in Figure 3 may change. The Phase 1 facilities 
were designed with provisions for future expansion to Redwood City customers west of Highway 
101 and possibly to other SBSA participants (Belmont and San Carlos) or other regional 
partners under the certain conditions: 

 Redwood City Customers – The Phase 1 facilities were designed for flexibility to serve 
an Average Annual Demand of 3,238 af/yr (2.9 MGD), which is based on a detailed 
city-wide market assessment of potential customers4. A hydraulic model was used to 
approximate day and night conditions in the distribution system. The Phase 1 distribution 
pipelines were upsized from the DPS at SBSA to the Highway 101 corridor to 
accommodate these potential future demands. The market assessment and facilities 
sizing for the Phase 1 System included the demands for Menlo Country Club and 
Woodside High School. These sites, although outside Redwood City, were included 
because they are located along Redwood City’s boundary in the vicinity of other 
Redwood City customers. 

 Other SBSA Participants (Belmont and San Carlos) – provisions for serving other SBSA 
participants was also incorporated into the design of the Phase 1 System, using a 
conceptual level market assessment of the potential customer demands in Belmont and 
San Carlos (apparent viable demand of 300 to 500 af/yr) and hydraulic modeling of the 
system. The service concept for these two areas included using available off-peak 
system capacity during the day to convey recycled water from SBSA outside the 
Redwood City limits, to terminal storage facilities located within Belmont and San Carlos. 
These two cities would be responsible for constructing new pipelines from the Phase 1 

                                                 
4 The recycled water market assessment used Redwood City water meter records to estimate demands 

for each potential recycled water customer. Where meter records were not available, theoretical 
irrigation demands were developed using ETo data and irrigated areas. The market assessment 
was performed as part of the Water Recycling Feasibility Study for Redwood City (2002, 
Kennedy/Jenks). 



System to their jurisdiction, as well as for constructing storage and pumping facilities to 
serve their customers. 

 Other Potential Regional Partners – Serving other potential regional partners was 
explored, including southern portions of Foster City that are near Redwood City. A 
concept level market assessment of Foster City estimated that up to 2,000 af/yr of 
irrigation demand could exist. The use of available daytime capacity to convey water 
outside the City was recognized, as noted above, providing some level of future flexibility 
for serving other regional partners. 

Additional detailed information about Redwood City’s Recycled water system can be found on 
its website: http://www.redwoodcity.org/publicworks/water/recycling/index.html 

4.4 Water Quality 

Recycled water from Redwood City’s system is treated at SBSA to the highest standards 
delineated in Title 22 of the California Code of Regulations for Disinfected Tertiary Recycled 
Water, which meets the requirements for unrestricted use, including golf course irrigation and 
for storage in onsite impoundments. Local courses currently irrigating with recycled water quality 
comparable to Redwood City’s supply includes the Lake Merced Golf Club, the Olympic Club, 
the San Francisco Golf Club, and the Palo Alto Golf Course.  

Understanding turf grass management issues is important to use recycled water successfully for 
golf course irrigation because recycled water contains higher levels of Total Dissolved Solids 
(TDS) than the potable water. This is particularly important for irrigating tees and greens where 
the grass is cut shorter, has greater foot traffic, and is more susceptible to salt- or heat-induced 
stress. Tee and green construction, and onsite soil permeability conditions are also important to 
review and understand, to both manage turf appearance and prevent runoff.  

Turf grass construction has evolved and improved over the years. The golf course greens at 
Menlo CC are a mixture of three different types of construction: 

Type of Construction: 
 

Green: 

Original Construction (early 1900’s) 2, 10, 14, 15, 18, Pitch Green, Upper Putting Green 
Renovated1969 4, 5, 7, 8, 9, 11, 12, 16, 17 
Renovated 1998 (USGA Spec) 1, 3, 6, 13 

The newest greens that meet USGA specifications should be relatively unaffected by the 
application of recycled water. The older greens, however, may have permeability issues and 
require some management. Turf health would need to be monitored and assessed during initial 
operations and appropriate irrigation and management measures identified to ensure good turf 
and playing conditions are maintained.  

The water quality differences between potable and recycled water supply are commonly 
managed by adapting irrigation management practices, if necessary. Periodic heavy irrigation 
(flushing) can be used to leach salts from the root-zone of turfgrass. Application of gypsum to 
less permeable areas, or introducing it into the onsite supply (as is done at Daly City) can also 
be used to help maintain adequate permeability and drainage. The Menlo CC site retrofit design 
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could include flexibility for adding gypsum to the irrigation water at the onsite pump station. 
Alternatively, manual application of gypsum could be performed seasonally in conjunction with 
plugging, reseeding, and other turf management activities.  

If Menlo CC moves forward with converting to recycled water for irrigation, a more detailed site 
analysis should be performed in order to determine specific management strategies that would 
be necessary. This evaluation should be performed by a landscape/irrigation specialist with 
direct experience with soil, recycled water and turf/plant interactions. Section 6.2 provides 
additional recommendations for further study.  

Table 4 provides a summary of key water quality data for both Redwood City’s recycled water 
and Menlo CC’s current supply, potable water from the SFPUC. The parameters of acceptable 
values for landscape irrigation and the resulting degree of restriction for use that may be 
required are provided in the Water Quality Matrix for Landscape Irrigation in Appendix D. 
Appendix D also provides a more detailed list of water quality data for SBSA recycled water and 
SFPUC potable water. 

Table 4: Redwood City Recycled Water Quality Summary 

Water Quality Parameter 
SBSA Recycled 

Water 
SFPUC Potable 

Supply 
Total Dissolved Solids (TDS), mg/L 660 – 690 15 – 170 
Electrical Conductivity, μS/cm 1500 – 1600 30 – 309  
Sodium Absorption Ratio (SAR) 4.8 – 5.4 NA 
Nitrogen (total N = ammonia + nitrite + nitrate), mg/L 28 – 35  < 0.4 
Sodium, mg/L 203 - 204 <3 – 9 
Chloride, mg/L 270 – 300 <3 – 10 
Boron, μg/L 330 – 515 <100 – 102 
 

4.5 Regulatory Requirements 

In the State of California, recycled water requirements are administered by the California State 
Water Resource Control Board (SWRCB), individual Regional Water Quality Control Boards 
(RWQCBs), and the Department of Public Health (DPH). State requirements for the production, 
discharge, distribution, and use of recycled water are contained in the CCR, which includes 
Title 22 and Title 17, and in the California Health and Safety Code and Water Code. Applicable 
excerpts from Title 22, Title 17, the Water Code, and the Health and Safety Code are included 
in “The Purple Book”, which provides a single source of guidelines and requirements for 
recycled water production, distribution, and use in California. 

Recycled Water Permit 

The Redwood City recycled water project operates under General Order 96-011 and is 
permitted for all applicable Title 22 approved uses. The permitting agency is the San Francisco 
Bay RWQCB. Irrigation with recycled water at Menlo CC would be covered under Redwood 
City’s existing permit and must be in compliance with the requirements of the permit. 



Engineering Report 

Title 22 requires an Engineering Report for each recycled water project. The Engineering Report 
should include a description of the design of the proposed reclamation system and clearly 
indicate the means for compliance with regulations. Redwood City issued an Engineering 
Report for its recycled water system in 2004, which was subsequently approved by DPH. As a 
customer of Redwood City, Menlo CC would be covered under the existing Engineering Report. 
However, Redwood City may need to make some revisions to the Engineering Report to 
account for the expansion of its service area and customer base beyond that described by 
Alternative TF.  

Site Supervisor Training 

Title 22 requires that each recycled water customer designate a Site Supervisor to operate and 
maintain their recycled water system. The Site Supervisor should be familiar with both the 
recycled water and potable water systems on site. The Site Supervisor should be 
knowledgeable in the safe use of recycled water and should be familiar with Redwood City’s 
Cross Connection Prevention Program. Site Supervisor training is a pre-requisite to a customer 
receiving recycled water. Redwood City historically has offered periodic Site Supervisor training 
at no cost to customers.  

NPDES Permit 

The National Pollutant Discharge Elimination System (NPDES) Permit Program, as authorized 
by the Clean Water Act, controls water pollution by regulating point sources that discharge 
pollutants into waters of the United States. Point sources are discrete conveyances such as 
pipes or man-made ditches. It is the responsibility of the California Water Boards to preserve 
and enhance the quality of the State's waters through the development of water quality control 
plans and the issuance of waste discharge requirements (WDRs). WDRs for discharges to 
surface waters also serve as NPDES permits. Recycled water is considered a pollutant if it is 
discharged off the site where it is being used. Therefore, to avoid the need for a NPDES permit, 
the onsite recycled water facilities (irrigation system, storage facility, etc.) should be designed to 
ensure no runoff from the site occurs.  

CEQA 

The California Environmental Quality Act (CEQA) is a statute that requires state and local 
agencies to identify the significant environmental impacts of their actions and to avoid or 
mitigate those impacts, if feasible. Redwood City adopted a Mitigated Negative Declaration 
(MND) in July 2003 for the Redwood City Recycled Water Project as depicted in Figure 3. An 
environmental consultant should review any new recycled water storage facilities and the 
pipeline alignment to serve Menlo CC to determine if they are within the scope of Redwood 
City’s CEQA documentation. Additionally, because Menlo CC is not within Redwood City’s 
Recycled Water Service Area, as defined in the MND, a separate environmental review may be 
required to proceed with this project. The CEQA documentation for any new facilities associated 
with delivering recycled water to Menlo CC should be performed in one document and would 
include a public review element. The documentation also needs to include any necessary 
agreements between Menlo CC, Redwood City, SFPUC, and possibly others. The CEQA review 
should be performed by the agency with the most responsibility for the new recycled water 
facilities. 
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Cross-Connection Prevention and Retrofit Design 

The focus of CCR Title 17 is the protection of drinking (potable) water supplies through the 
control of cross-connections with potential contaminants, including non-potable water supplies 
such as recycled water. Title 17 specifies the minimum backflow protection on the potable water 
system to ensure that any potential for contamination to the potable water supply is avoided. In 
conjunction with local health agencies, DPH reviews and approves final onsite (customer) 
system plans for cross-connection control in accordance with Title 17, and inspects each 
system prior to operation.  

Backflow protection requirements that would apply to Menlo CC are as follows:  

● An air-gap separation is required on “Premises where the public water system is used to 
supplement the recycled water supply.” 

● A reduced pressure principle backflow prevention device is required on “Premises where 
recycled water is used and there is no interconnection with the potable water system.”  

● It is required that all new recycled water pipes installed above or below the ground are 
colored purple, are distinctively wrapped with purple tape, or have the appropriate purple 
markings. Meeting one of these three options would comply with the requirements of the 
Health and Safety Code. Note that existing onsite irrigation pipe that is part of the current 
irrigation system, does not have to be dug up or identified as recycled water piping. 
However, above-ground equipment like valves, valve boxes, and quick-couplers must be 
marked as part of the recycled water system. 

The retrofit design must also conform to CCR Title 22 guidelines, Redwood City’s Recycled 
Water Use Guidelines, AWWA California-Nevada Section’s Guidelines for the On-site Retrofit of 
Facilities Using Disinfected Tertiary Recycled Water, AWWA Guidelines for Distribution of 
Nonpotable Water, and Appendix J of the Uniform Plumbing Code as applicable. A detailed 
description of retrofit design requirements is also provided in Chapter 5 of the “Operations Plan 
for the City of Redwood City and the South Bayside System Authority.” 

4.6 Conceptual Facilities Requirements 

For purposes of this initial feasibility analysis the following base case alternative would be sized 
to serve only Menlo CC’s requirements. Considerations for an expanded project that could 
serve other customers are addressed separately in Section 6.2.3 of this report. 

4.6.1 System Connection Point  

Connection to Redwood City’s existing recycled water pipeline system could be made to the 
24-inch diameter pipeline in Maple Street, between the San Mateo County Women’s Correction 
Center and the Redwood City Police Facility, as indicated on Figure 4. 



4.6.2 Distribution Pipeline  

A new distribution pipeline could be considered along a conceptual alignment as illustrated on 
Figure 4. This alignment was discussed between Kennedy/Jenks (Craig Lichty) and Redwood 
City Engineering (Phong Du) in March 2010 as a potentially feasible alignment. This new 
pipeline would be 16 inches in diameter and approximately 20,000 feet (approx 3.8 miles) long. 
The pipeline is sized to deliver the Peak Day Demand (0.72 MG as developed in Section 2.1) to 
new onsite storage over a 12-hour time period during the day, in order to use available off-peak 
system capacity in the existing pumping and distribution system. The flow rate in the pipeline 
would be 1,000 gpm under these assumptions. Because this alignment is within a developed 
urban area with significant traffic, construction might require trenchless techniques or night work 
to pass through major intersections and minimize traffic disruption. 

The general alignment is as follows: 

 Cross under Highway 101 via an existing utility tunnel 
 West of the freeway, continue south along Walnut Street to Marshall Street. 
 West on Marshall Street to Main Street. 
 South on Main Street to Woodside Road 
 South on Woodside Road to the Menlo Country Club driveway 
 Onsite piping is approximately 200 feet from Woodside Road to the tank 

 
The actual pipeline alignment may vary somewhat based on Redwood City input on 
construction issues and opportunities to connect additional Redwood City customers. Specific 
considerations for this pipeline alignment include: 

 Special crossing requirements would likely be needed at the Main Street/El Camino Real 
intersection. This could be done either by trenchless construction (jack-and-bore, etc.) or 
night construction. 

 Special crossing requirements may also be necessary at the Alameda De Las 
Pulgas/Woodside Road intersection.  

The pipelines alignment crosses major SFPUC pipelines at two locations as indicated on 
Figure 4. The crossing of Bay Division Pipelines #1 and #2 is on Woodside Road, near Union 
Cemetery (Cypress Street). The crossing of Bay Division Pipelines #3 and #4 is on Woodside 
Road near Woodside High School. Title 22 establishes the criteria for separation requirements 
between potable and non-potable pipes to protect potable water supplies. Typically a 
non-potable pipeline must cross below a potable water pipeline. However, DPH has allowed 
exceptions to these criteria under certain conditions, with prior review and approval. Preliminary 
discussions with SFPUC staff (e-mail with Lawrence Soe on August 27, 2010) suggest that the 
SFPUC typically follows DPH standards for pipeline crossings. However, SFPUC may consider 
allowing a recycled water pipeline to cross over their large-diameter potable water pipelines 
using open-cut construction, if the crossing met their specific requirements and a waiver of 
standard separation requirements is obtained from DPH. 
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4.6.3 Pumping 

Redwood City’s Distribution Pump Station (DPS) would pump recycled water from SBSA to 
Menlo CC to fill a new onsite storage facility (discussed in Section 4.6.4). Pumping rates are 
assumed to be the Peak Day Demand of 0.72 MGD (as developed in Section 2.1) over a 
12-hour time period. Delivery hours are assumed to be from 8 am to 8 pm, to avoid Redwood 
City’s peak nighttime irrigation demand period and to take advantage of available system 
capacity during the day. It is estimated that the available daytime system capacity following the 
DPS expansion this winter will be approximately 8,000 gpm or more, but this would need to be 
verified with Redwood City Public Works Services operating staff. The Menlo CC delivery rate of 
1,000 gpm is small in comparison to the available pumping capacity.  

4.6.4 Storage  

The storage facility would be situated so the high water level is set at the shutoff head/hydraulic 
grade line of the Distribution Pump Station to properly integrate with the existing recycled water 
distribution system. The Distribution Pump Station currently operates with a discharge pressure 
of 65 psi, which is equivalent to a Hydraulic Grade Line of 150 feet in elevation. Menlo CC is in 
the midst of planning major renovations for the golf course that would change the layout and 
topography of the site. Because these renovations are indefinite, this analysis uses existing site 
conditions. 

 The Hydraulic Grade Line of 150 feet establishes the approximate high water surface in 
the storage facility. This elevation and the facility configuration (buried or above ground) 
sets the range of elevations at which the pad or foundation for the facility should be 
located. (Should Redwood City change its “Delta 10 Operating Strategy” and increase 
the system pressure up to 73 psi, this elevation would increase to 168 feet, accordingly.) 

 It is recommended that the minimum operating storage volume be equal to one day of 
the peak day irrigation demand (0.72 MGD as developed in Section 2.1). Considering 
the preliminary nature of this feasibility analysis, and to account for additional volume 
associated with inlet piping, irrigation pump head requirements, and storage overflow 
configurations, a 1 MG storage tank is assumed at this time. 

 It is also recommended that a standby potable connection (10-inch diameter or larger, to 
match existing connection size) from the SFPUC system be provided through an air gap 
connection at the storage facility. This would provide additional operating flexibility in the 
event the recycled water system experienced an operational problem requiring 
temporary shutdown of facilities. The backup potable connection can be smaller than 
Redwood City’s supply pipeline because there is less head loss for the shorter length of 
onsite piping and because it is assumed that the storage facility can be filled 
continuously from the backup potable supply rather than the 12-hour limit assumed for 
the Redwood City supply pipeline. 

 The facility is assumed to be above-ground, welded steel construction with 12-foot high 
walls and be 120 feet in diameter. Above-grade steel is a less expensive option than 
buried concrete construction but is more visible. An overflow would typically be located 



approximately 1 to 2 feet above the high water level. Therefore, the elevation of the tank 
pad might be located at an elevation of approximately 140 feet. 

 Topographic maps of Menlo CC indicate that the maintenance area near the club 
entrance is relatively flat and ranges in elevation from 133 to 150 feet with an empty flat 
area next to the tennis courts. Therefore, it might be feasible to consider siting a storage 
facility near the tennis courts. Although this location creates some visual disturbance for 
the tennis courts, it minimizes visual impacts for much of the country club, minimizes 
disruption during construction, and simplifies access for construction and maintenance. 
Additionally, the low tank height (12-foot side wall) would allow for vegetative screening 
of the tank.  

 As planning proceeds for golf course renovations, Menlo CC should continue to take into 
account possible storage facility locations. Specific siting of the storage facility would 
depend upon such factors as elevation and grade and if Menlo CC would prefer the 
facility to be located above- or below-grade. If Menlo CC preferred a below-grade facility, 
the ground surface elevation of the site would be at least 155 feet. The surface 
elevations at Menlo CC range from approximately 95 feet near Alameda de las Pulgas to 
approximately 250 feet above the driving range and the 18th hole (see Figures 5 and 6). 
Therefore, it is likely feasible that a below-grade storage facility could be constructed 
without a requirement for fill. A site specific geotechnical evaluation would need to be 
performed to confirm foundation requirements and the presence of rock that could 
significantly increase costs of below grade construction. 

 The overflow from the storage facility must be configured as to not result in the release 
of recycled water off site (i.e., it cannot discharge to a storm drain) so as not to violate 
National Pollution Discharge Elimination System (NPDES) requirements. The storage 
facility siting should take this requirement into consideration. The overflow could likely be 
directed to a sanitary sewer to avoid a discharge to the environment. However, an 
evaluation must be performed to determine where the connection would be made and 
confirm that adequate capacity exists to handle the flow that might occur if a pump were 
left on and the tank spilled. 

Above-grade welded steel and below-grade concrete construction each have advantages and 
disadvantages. Welded steel tends to be less expensive and more easily constructed with less 
site work. However, above-grade construction may be less aesthetically pleasing at a site like 
Menlo CC and limits the availability of appropriate locations. Below-grade concrete construction 
is more expensive and requires more invasive site work. However, tank siting becomes 
somewhat more flexible when the tank is buried because aesthetics are less of an issue. 
Additional points to consider when siting the tank are access for tank construction and 
maintenance and site slope/grade. 

4.6.5 Onsite Pumping and Retrofit 

A new onsite irrigation pump station is assumed to be required to meet the needs of Menlo CC 
and could be co-located with the new storage facility. Currently, the onsite irrigation pumps 
boost pressure up to 80 to 100 psi to serve the golf course, and pressure regulators are used 
where required to control high pressure. This analysis assumes that the future system would be 
designed to match closely the existing system. Alternatively, it may be possible to utilize the 
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existing irrigation pump station by relocating it or by installing a pipeline from the new storage 
facility to the existing pump stations. The suction head requirements and pump curves for the 
existing pump station would need to be evaluated for this alternate to be considered. A detailed 
evaluation of the retrofit of onsite piping and pumping facilities is not included in this initial 
analysis. 

Appropriate site retrofit would ensure the irrigation system meets applicable regulatory 
requirements. Irrigation run-off control, overspray guidelines, signage requirements, and 
backflow prevention and cross-connection control would be evaluated as part of site retrofit. 
Recycled water equipment and materials should be approved for use in a pressurized recycled 
water system and converted or installed according to DPH approved plans. Since the golf 
course is a public facility with unrestricted access areas, the retrofit plans should also include 
locations for the advisory signage.  

Retrofit plans should include new points of separation from the existing potable system and 
identify modifications to the existing onsite irrigation system to bring it into conformance with 
State standards for recycled water. Additionally, the retrofit plans should highlight locations for 
potable line capping, new connections to the recycled water system, necessary provisions for 
cross-connection control, backflow prevention and separation, and location of signage to comply 
with State and County Departments of Public Health. The onsite system at Menlo CC would be 
tested for cross-connection prevention in accordance with DPH requirements before the 
recycled water system is put into operation.  

4.7 Conceptual Facilities Sizing and Cost Summary 

The existing hydraulic model (WATERCAD) for the Redwood City recycled water system was 
used to incorporate demands and facilities to serve Menlo CC. The analysis indicates that 
serving recycled water to Menlo CC from the existing Redwood City system is feasible.  

Table 5 provides a summary of the conceptual facilities sizing analysis. These facilities are 
illustrated on Figures 4 and 5. Table 6 provides the conceptual-level cost estimate for 
completing the project, including capital facilities, related professional services, and a 30% 
planning-level contingency. 

Table 5: Summary of Conceptual Facilities Sizing (Menlo CC Only) 

Description Basis  
New Storage Facility (above-
ground)(a) 

Peak Day Demand + 
Additional Volume for 

Overflow & Pump Head 

1,000,000 gallons 
(720,000 gallons, Min. 

Operating Volume) 
Standby Potable Connection Existing Connection; Storage 

Located by Maintenance Yard
2,300 lineal feet 
10 inch diameter  

New Offsite Pipelines Peak Day Demand Delivered 
over a 12-hour Period 

20,000 lineal feet 
16 inch diameter 

2- Special Crossings by Jack & 
Bore Method 

Previous Redwood City 
Pipeline Projects  

400 lineal feet 
36 inch casing 
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Description Basis  
New Onsite Pipelines Storage Located by 

Maintenance Yard 
600 lineal feet 

16 inch diameter 
New Irrigation Pumping Facility Matches Existing Facility 1,200 - 1,400 gpm (variable) 

@ 100 psi discharge pressure
(a) The total storage volume is sized to accommodate the minimum operating volume with additional freeboard to 

accommodate the overflow line (1-2 feet) and to provide adequate pump head at low water levels (1-2 feet).  

Table 6: Summary of Conceptual Facilities Costs (Menlo CC Only)(a) 

Description Cost 
New Storage Facility (above-ground)(b)  $ 1,250,000  
Standby Potable Connection $  200,000 
New Offsite Pipelines  $ 4,000,000  
Special Crossings by Jack & Bore  $  450,000  
New Onsite Pipeline  $  75,000 
New Irrigation Pumping Facility $  200,000 
  
Subtotal Facilities  $ 6,175,000  
Legal, Engineering, CM & Administration @ 20%  $ 1,250,000  
Conceptual-level Contingency @ 30%  $ 1,850,000  

TOTAL CONCEPTUAL COST ESTIMATE  $ 9,275,000  
(a) This summary of costs is a comprehensive estimate of costs at a concept level of development. It assumes the 

existing irrigation system continues to operate as it currently does and assumes installation of an above-ground 
storage facility near the entrance of Menlo CC. Any onsite irrigation system upgrades would be additional cost 
and are not included. The controls system for the Redwood City Recycled Water system would likely need to be 
modified and may be an additional cost.  

(b) The cost for underground storage would vary depending on the location chosen and type of facility selected, but 
is expected to range from $1.50 to $2.00 per gallon and may incur additional costs for construction access. Its 
location would also impact the length of onsite and standby potable connection pipelines. 

There are potential partnership opportunities to explore between Menlo CC, the SFPUC, and 
Redwood City that possibly could reduce costs to Menlo CC. Redwood City is exploring various 
ways to expand its recycled water system to serve new customers. The existing distribution 
system has significant excess daytime transmission capacity available to convey recycled water 
to Menlo CC and other users. Delivering recycled water to Menlo CC during the daytime would 
allow Redwood City to increase use of its recycled water system with very little impact to 
existing customers. Additionally, a new storage facility located at Menlo CC may provide 
operating benefits to the overall Redwood City recycled water distribution system, by 
attenuating pressure losses during peak demand periods.  

The SFPUC is seeking to develop alternative water supplies (conservation, groundwater and 
recycled water) to diversify its water supplies and reduce demands on its Regional Water 
System. Menlo CC is a retail customer of the SFPUC whose irrigation demands are currently 
met with potable water from the Regional Water System. Replacing irrigation supply with a 
different and appropriate water supply would be a beneficial potable offset for the SFPUC. 



Proposed
Blomquist Bridge

Design in Progress

SBSA
Facility
SBSA

Facility

Limits of
Redwood City
Bike Path

Alternative B-Bore and Jack
Crossing of Hwy 101

Second Choice

Alternative A-Utility Tunnel
Crossing of Hwy 101

Preferred

Pacific Shores
Currently Using Well Water
for Landscape Irrigation,
Convert to Recycled
Water for Operational
Benefit, if Possible

R53R53
R01R01

R91R91

G03aG03a

C09C09

G04G04

R27R27

R107R107

R03R03

E13E13

R02R02

F07F07

C10C10

C06C06

D09D09

R116aR116a

R63aR63a

E06E06

D08D08

R36R36

A01aA01a

R49R49

D10D10

B06aB06a

E09E09

D07D07

R54R54

F04F04

E08E08

R63bR63b

R93R93

T01T01

D01D01

A09A09

R95R95

R111R111

F08F08

D04D04

R114R114

C04C04
C07C07

G05G05

F11F11

R19R19

R90R90

R79R79

D06D06

ST02ST02

B01B01

E10E10

R42R42

R13R13

R105R105

F06F06

R123R123

D11D11

C05C05

R94R94

E02E02

R122R122

ST03aST03a

D03D03

R30R30

R117R117

E03E03

R14R14

R15R15

C03C03

B04B04

B03B03 B07B07

A01bA01b

F05F05

R16R16

R92R92

R104R104

R116bR116b

C11C11

B08B08

A03A03

A02A02

C08C08

F02F02

G01G01

F09F09

R25R25

R64R64

R12R12

G02G02

B02B02

R47R47

A07A07

R10R10

R08R08

D02D02

B11B11

R103R103

C12C12

B09B09
A06A06

A08A08

F01F01

E07E07

ST01ST01

R29R29

R43R43

E04E04

R52R52

F03F03

B05B05

R108R108

R106R106

C01C01

E01E01

C13C13

ST07ST07

R48R48

D05D05

R96R96

A04A04
A05A05

R115R115

E11E11

ST06ST06

R72R72

G07G07

R102R102

R04R04

R09R09

R46R46

ST04ST04

R59R59

R112R112

R110R110

R26R26

R101R101

B10B10

ST05ST05

R109R109

ST08ST08

R22bR22b

R37R37

R18R18

D12D12

R11R11

R32R32

R38R38

R121R121

R22aR22a

R34R34

R119R119

R24R24

R97R97
R98R98

R38R38

R120R120

R60R60

C14C14

B12B12

R45R45

B06bB06b

R38R38

E12E12

C02C02

R99R99

C02C02

R33R33

ST03bST03b

R62R62

R44R44

R100R100

C02C02

R78R78

F10F10

R75R75

R51R51

R118R118

R57R57

R38R38

R66R66

R113R113

R35R35

R73R73

R77R77

R70R70

E05aE05a

R67R67

E05bE05b

R74R74

R69R69

R71R71

R68R68

G03bG03b

0 2,000 4,000

Feet

Source:
Redwood City Planning Division
GIS Basemap

LEGEND
Recycled Water Transmission System

Proposed New Transmission Pipeline

Existing Transmission Pipeline

Alternative B for Highway Crossing

Customer Site and I.D. Number

Customer Classifications
Industrial Use

Commercial Landscape/Mixed Use

City-Owned Landscape

Residential/HOA Landscape

CalTrans Landscape

Park Landscape

School Landscape

Future Developments

Excluded Customers

Redwood City Recycled Water Service Areas

City Limits and Market Assessment Boundary

Redwood City Water Sytem Service Area

Roads

Fwy, Hwy

REDWOOD CITY RECYCLED WATER PROJECT

ALTERNATIVE TF
RECYCLED WATER PROJECT

Project No: 040501.00

June 2004
Plate 1

Kennedy/Jenks Consultants
City of Redwood City, California

Electronic Arts
Speiker Properties
Paragon Center
Macromedia
Instill Corp
RealNames (Speiker Properties)
Provident Central Credit Union
ERI Dolphin
Harris Farnon
Oracle Corporation
The Shores Business Center
Emery Worldwide/Paragon Point
Marina Park Center
Dolphin Unit 2
Bowsprit Dr, Pennant Ct Island
Port Park
Co-op Housing
Shore Breeze HOA
Hotel Sofitel
Executive Guild (Westshore Office Park)
San Mateo County Office of Education
Dolphin Park
Starboard Park
Portside Park
Pelican Cove HOA
Shorebird Solar HOA
Shorebird Island HOA
Beacon Shores HOA #1 & #2
Islands (Marlin Ct)
Seabridge Community Association
Harbor Colony
Marlin Subdivision Units #1 & #6
Lighthouse Cove HOA
Marlin Park
Shorebird Park
Davit Lane Parcel
Redwood Shores Apts
Harborside Apts
Regatta HOA
Stratford Bay HOA #1 & #2
Manors HOA
Ventana Del Mar HOA #1 & #2
Lakeshore Townhomes #1 & #2
Laguna Pointe HOA
Harbor Court HOA
The Shores HOA
Sandpiper School/Park
Shannon Park

Vacant Parcel
Redwood Shores Branch Library
Hwy 101/RedwoodShores Pkwy Interchange
Hwy 101/Marine World Pkwy Interchange

A01a
A01b
A02
A03
A04
A05
A06
A07
A08
B01
B02
B03
B04
B05

B06a
B06b
B07
B08
B09
B10
B11
B12
C01
C02
C03
C04
C05
C06
C07
C08
C09
C10
C11
C12
C13
C14
D01
D02
D03
D04
D05
D06
D07
D08
D09
D10
D11
D12

A09
G07

R119
R120

Adecco (Slam Dunk Networks)
Pacific Athletic Club (Western)
Market Place
Hastings HOA
Cringle Dr Park
Teredo Dr Island
Sunrise HOA #1
Sandpiper Lagoon HOA #1
Sandpiper Lagoon HOA #2
Bridgeport HOA
Governor's Bay HOA
Mariner Park
Fire Station #20
Marlin Subdivision Units #2 & #2a
Hampton HOA
Pescadero Apts
The Pointe
Cove HOA
Seacrest HOA
Gossamer Hollow HOA
Gossamer Cove HOA
Gossamer Village HOA #1 & #2
Gossamer Isle HOA
Dogs Park
PG & E Easement
Indian Creek Garden Apts
Peninsula Landing HOA
IPASS/Westport Office Complex
Neptune Dr. Park
Oracle Corporation
Boardwalk HOA
Twin Dolphin Dr
Marine Pkwy
Redwood Shores Pkwy
Radio Road
Bridge Pkwy
Shell Pkwy
Shearwater Pkwy
Oracle Pkwy
Davit Ln to Cul-de-sac
South Bayside Systems Authority

E01
E02
E03
E04

E05a
E05b
E06
E07
E08
E09
E10
E11
E12
E13
F01
F02
F03
F04
F05
F06
F07
F08
F09
F10
F11
G01
G02

G03a
G03b
G04
G05

ST01
ST02

ST03a
ST03b
ST04
ST05
ST06
ST07
ST08

T01

MENLO COUNTRY CLUB
WOODSIDE HIGH SCHOOL
SEQUOIA HIGH SCHOOL
REDWOOD HIGH SCHOOL
ROY CLOUD ELEMENTARY SCHOOL
HENRY FORD ELEMENTARY SCHOOL
JOHN GILL ELEMENTARY SCHOOL
HAWES ELEMENTARY SCHOOL
HOOVER ELEMENTARY SCHOOL
KENNEDY MIDDLE SCHOOL
McKINLEY ELEMENTARY SCHOOL
ROOSEVELT ELEMENTARY SCHOOL
CITY OF REDWOOD CITY PUBLIC WORKS
ANDREW SPINAS PARK
PRICE CLUB ISLANDS
EL CAMINO REAL MEDIANS
LIBRARY
CITY HALL
MEZES PARK
VETERANS BLVD MEDIAN
PALM PARK
STULSAFT PARK
WOODSIDE ROAD MEDIAN
HOOVER PARK
STAFFORD PARK
DOVE BEEGER CITY PARK
GEORGE GARRET PARK
DUNCAN PARK
RED MORTON PARK
HAWES PARK
WOODSIDE/EL CAMINO INTERCHANGE
SEQUOIA STATION SHOPPING CENTER
UNION CEMETERY
LINDEN PARK
FLEISHMAN PARK
MADDUX PARK
WOODSIDE PLAZA SHOPPING CENTER
ST. PIUS SCHOOL
EMERALD HILLS GOLF COURSE
WESTWOOD PARK
ADELANTE SCHOOL
CANADA COLLEGE
MERVYN'S SHOPPING PLAZA
JARDIN DE NINOS PARK
OUR LADY OF MT. CARMEL SCHOOL
REDEEMER LUTHERAN SCHOOL/CHURCH
UNITED METHODIST CHURCH
MIDPOINT TECHNOLOGY
MIDPOINT TECHNOLOGY (FUTURE)
TAFT ELEMENTARY SCHOOL
CAR WASH
CITY LANDSCAPE ISLAND
CITY PLANTERS
STREET TREES
CITY STREET TREES
CITY LANDSCAPED ISLAND
FRANKLIN HOUSING (APARTMENTS)

DOWNTOWN AREA PLAN
500 ARGUELLO STREET
150 El CAMINO REAL
885 WOODSIDE ROAD
2170 BROADWAY (Downtown Cinema)
2233 MIDDLEFIELD ROAD (Opfer Building)
KAISER MASTER PLAN

R01
R02
R03
R04
R08
R09
R10
R11
R12
R13
R14
R15
R16
R18
R19
R20

R22a
R22b
R24
R25
R26
R27
R29
R30
R32
R33
R34
R35
R36
R37
R38
R42
R43
R44
R45
R46
R47
R48
R49
R51
R52
R53
R54
R57
R59
R60
R62

R63a
R63b
R64
R66
R67
R68
R69
R70
R71
R73

R72
R74
R75
R76
R77
R78
R79

SITE CUSTOMER SITE CUSTOMER

SITE CUSTOMER

FUTURE CUSTOMER SITES

FUTURE CUSTOMER SITES

PACIFIC SHORES
HARBOR SAND & GRAVEL
SIMSMETAL AMERICA
PABCO GYPSUM
CENTRAL CONCRETE
SEAPORT PETROLEUM
REMIC CHEMICAL
PORT OF REDWOOD CITY OFFICE
USGS OFFICE
BASIC CHEMICAL SOLUTIONS
PILOT PETROLEUM
PORTSIDE CENTER OFFICE
SEAPORT PLAZA
SEAPORT CENTER
SRDC, INC.
HARBOR READY-MIX
PENINSULA BLDG MATERIALS
GRANITE ROCK
LYNGSO GARDEN MATERIALS
MALIBU GRAND PRIX
RWC POLICE FACILITY
COUNTY OF SAN MATEO SHERIFF
SEAPORT BLVD STREETSCAPE
THE VILLAS AT BAIR ISLAND

WEST POINT MARINA
HARBOR SAND & GRAVEL
RMC PACIFIC MATERIALS BATCH PLANT
ABBOTT LABORATORIES
HWY 101/WOODSIDE ROAD INTERCHANGE
MARINA SHORES VILLAGE DEVELOPMENT AREA A
MARINA SHORES VILLAGE DEVELOPMENT AREA B
SYUFY THEATER SITE
HWY 101/WHIPPLE AVE. INTERCHANGE

R91
R94
R95
R96
R97
R98
R99

R100
R101
R102
R103
R104
R106
R107
R108
R109
R110
R111
R112
R114
R115
R121
R122
R123

R90
R92
R93

R105
R113

R116a
R116b
R117
R118

SITE CUSTOMER

FUTURE CUSTOMER SITES

R48

Existing
Pipeline is

Part of First
Step Project

FIGURE 2: Menlo Country Club Feasibility Study for Developing an Alternative Water Supply for Golf Course Irrigation
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Section 5: Recycled Water Supply Potential: Onsite 
Satellite Treatment System 

The concept of using decentralized treatment systems to serve recycled water to customers has 
been considered for many years, and a cursory assessment of this alternative is provided. 

5.1 Facilities General Description 

Satellite facilities are typically more expensive and complex to implement and operate than 
centralized treatment schemes. However, satellite treatment facilities can be viable in the 
following situations: 

 where there are complex water and wastewater issues that need to be addressed, or 

 when the costs of using more conventional approaches are high in comparison or are 
technically infeasible.  

For example, consider a case in which a new non-potable water supply was desired, and the 
costs of connecting to either local groundwater resources or existing recycled water systems 
was much higher than the cost of constructing new satellite treatment facilities. To justify 
satellite treatment, a life-cycle cost evaluation of capital and operating costs and avoided 
implementation costs could be performed to determine if a reasonable payback period existed 
as compared to the conventional options. Avoided implementation costs include regulatory 
permitting, compliance with the California Environmental Quality Act, institutional agreements, 
land purchases and ROW acquisition, and operations. If the conceptual capital costs for 
constructing new satellite treatment facilities are not significantly lower than the costs for 
providing local groundwater or connecting to an existing recycled water system, the satellite 
treatment option becomes undesirable from cost, implementation, schedule and operating 
perspectives. 

A conceptual-level schematic of a typical satellite system is included as Appendix E. A 
conceptual-level Capital Cost Curve for satellite treatment is included in Appendix F5. The cost 
curve has been adjusted to reflect 2010 pricing for this study, using the Engineering News 
Record construction cost index. 

5.2 Facilities Overview 

The satellite treatment option includes both offsite and onsite facilities. See Appendix E for a 
conceptual facilities schematic. 

                                                 
5 Satellite treatment facilities conceptual level cost estimate is based on a 2003 study by the North Bay 

Watershed Association for a facility in Novato, CA. The 2003 costs have been adjusted to 2010 
dollars using the Engineering News Record Construction Cost Index. 



5.2.1 Offsite Facilities 

Offsite facilities include the connection to the wastewater source, a pump to deliver wastewater 
to the onsite facilities, and a waste return line. Each of these is described in the following 
paragraphs. 

 Connection to Existing Wastewater Source - For this evaluation, the wastewater 
source would be a larger diameter wastewater interceptor with a diurnal flow pattern that 
would be sufficient both for providing relatively consistent flow to the treatment facilities 
throughout the day and for maintaining adequate sewer flows to avoid solids deposition 
or odors in the sewer system. Flows in sewer systems vary significantly throughout the 
day. In typical residential based communities, the daily flow pattern begins with an early 
morning peak followed by a drop off during the day and a smaller evening peak, followed 
by a significant drop off through the night and early morning hours. In order to size the 
treatment facilities efficiently from both cost and operations perspective, it is important to 
find a location in the sewer system where flows throughout the day are greater than the 
peak day demand. It is also desirable to find a location in the sewer system where there 
is excess flow available, so the scalped flow to satellite treatment facilities can be 
diverted in a way that does not pull in excessive grit and solids from the bottom of the 
sewer or foam, grease and scum from the surface. Meeting these requirements avoids a 
need to upsize the treatment and pumping capacity (above the peak day demand) and 
avoids operating the treatment facilities when there is little or no inflow into the unit 
processes.  

Prior experience indicates that sewers with 5 to 10 times the peak day recycled water 
demand are a good starting point for a conceptual-level evaluation. Therefore, a sewer 
system location with average daily flow of between 3.5 and 7 MGD would be required to 
provide high quality scalping and coarse screening of the wastewater prior to pumping it 
to the treatment facility. Preliminary investigation indicates that the sewer lines in 
Woodside Road and Alameda de las Pulgas near Menlo CC do not appear to offer 
adequate flows to support a satellite recycled water treatment facility for Menlo CC. 
Further investigation would be required to determine the nearest sewer pipe that could 
provide an adequate source of wastewater for a 0.72 MGD satellite treatment facility. 

 Wastewater Pump Station – A wastewater pump station and electrical service would 
be necessary at the connection to the wastewater system to pump wastewater through a 
force main to the satellite treatment facility. These remote facilities can be expensive and 
institutionally complex to site, obtain ROW and real property agreements, permit, 
operate and maintain. 

 Waste Activated Sludge (WAS) Return Line – The treatment facilities would generate 
WAS and solids that are typically expensive to treat and dispose of onsite and therefore 
are returned to the sewer system. Because the volume of WAS is relatively small and 
the timing of its release can be managed, the connection point to the sewer does not 
require the same amount of tributary flow as does the source of wastewater for the 
treatment facilities.  

Final Report, Feasibility Study for Developing an Alternative 
Page 5-2 Water Supply for Golf Course Irrigation 

p:\pw-proj\2010\1068015.00.01 - menlo country club rw\task 5_report\draft final report\client comments\mcc draft final report_metrevs.doc 



 

Final Report, Feasibility Study for Developing an Alternative  
Water Supply for Golf Course Irrigation Page 5-3 
p:\pw-proj\2010\1068015.00.01 - menlo country club rw\task 5_report\draft final report\client comments\mcc draft final report_metrevs.doc 

5.2.2 Onsite Facilities 

Onsite facilities include treatment equipment and ancillary equipment.  

 Treatment Facility: Onsite facilities are primarily comprised of a small wastewater 
treatment facility. The most common technology that is used to meet Title 22 
requirements for unrestricted use for recycled water is a membrane bio-reactor for 
physical and biological treatment, followed by ultraviolet light for disinfection. These 
systems are compact and can be housed in many types of structures, but they must be 
completely enclosed in residential areas to control blower noise and contain and treat 
odors that would develop (particularly from fine screenings).  

 Ancillary Facilities: Ancillary onsite facilities include a fine screen and screenings 
handling approach (high odor generation), chemical storage and handling equipment, 
large blowers for the treatment process and odor control system, and associated 
electrical and control systems, including instrumentation required for real-time water 
quality monitoring for regulatory compliance requirements.  

5.2.3 Preliminary Facilities Costs 

Satellite treatment facilities at a small scale (under 2 MGD) have high unit costs compared to 
larger facilities (see curve in Appendix F), as would be the case for Menlo CC, which has an 
estimated Peak Day Demand of 0.72 MGD. The estimated conceptual cost for a satellite 
treatment option at Menlo CC is estimated to be $13M, as indicated on the cost curve in 
Appendix F (a facility size of 0.72 MGD at $18M per MGD).  

A recent example of a similarly sized satellite project was a 0.2 MGD facility, expandable to 
0.5 MGD, designed for the Presidio of San Francisco. The treatment site was located 
approximately 1,500 feet away from of a large diameter wastewater interceptor with adequate 
source flows. For comparison purposes, the planning, environmental compliance and permitting 
related costs for the Presidio Project were approximately $500,000 and required about 
18 months to complete. There were many contentious community issues that needed to be 
resolved during the planning process, primarily related to odor, noise and chemical 
delivery/storage with adjacent land uses. Preliminary and Final Design costs were 
approximately $1M over a 9 month design period, and the facilities construction cost estimate 
for 0.2 MGD capacity (expandable to 0.5 MGD in the future) is currently estimated to be over 
$10M. The total project cost is $11.5M, not including ongoing operations contracts, reporting 
and O&M costs. The project did not include any offsite considerations for ROW and site 
acquisition. The Presidio is proceeding with this facility because it is a requirement of their 
Redevelopment EIR and because it would reduce their costs both for offsite wastewater 
treatment and disposal and for purchasing potable water. The return on investment for this 
project is about 15 years or more. 

A satellite project for Menlo CC would cost more than the Presidio project, because it is 
approximately 50% larger in size and the closest source of adequate wastewater appears to be 
almost 2 miles away near the El Camino Real Corridor. Siting the buried wastewater pump 
station in this area would also be challenging, costly, and likely would require detailed 



Final Report, Feasibility Study for Developing an Alternative 
Page 5-4 Water Supply for Golf Course Irrigation 

p:\pw-proj\2010\1068015.00.01 - menlo country club rw\task 5_report\draft final report\client comments\mcc draft final report_metrevs.doc 

institutional arrangements to obtain the rights to the wastewater flow and to site the facilities on 
offsite private or public property. 

5.3 Summary 

Based on the preliminary analysis, a satellite treatment project at Menlo CC is estimated to have 
a capital cost of $13M or more and is considered a complex option to implement due to the 
following issues: 

 Offsite and onsite facilities siting requirements and ROW acquisition 

 Institutional and regulatory complexities 

 Potential for onsite and offsite odor issues 

 Overall facilities cost 

 CEQA compliance requirements 

 Operations and maintenance services procurement and costs 
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Section 6: Conclusion and Recommendations 

6.1 Conclusion 

Three alternative sources for golf course irrigation were investigated for Menlo CC: 

1. Groundwater from local wells; 

2. Recycled water from the Redwood City system; and 

3. Recycled water from a new onsite satellite treatment facility. 

The most feasible alternative water supply to consider further is the use of recycled water from 
Redwood City. The other alternatives do not appear to be as desirable; adequate and reliable 
groundwater resources are not currently available, and onsite satellite treatment is significantly 
more expensive and complex to implement. In addition, there are potential partnership 
opportunities to explore between Menlo CC, the SFPUC, and Redwood City that possibly could 
reduce the cost of providing service to Menlo CC for the following reasons: 

 Redwood City is exploring various ways to expand its recycled water system to serve 
new customers. The existing distribution system has significant excess daytime 
transmission capacity available to convey recycled water to Menlo CC and other users.  

 Constructing a new storage facility at Menlo CC may provide operating benefits to the 
overall Redwood City recycled water distribution system, by potentially attenuating 
system pressure losses during peak demand periods. There may be an opportunity to 
upsize the new offsite pipelines to Menlo CC and the new onsite storage facility at 
Menlo CC to provide additional benefits to Redwood City (pressure stabilization and 
capacity). Additional opportunities may include cost sharing on a capacity basis, or other 
equitable arrangement. 

 The SFPUC is seeking to develop alternative water supplies (conservation, groundwater 
and recycled water) to diversify its water supplies and reduce demands on its Regional 
Water System. Menlo CC is a retail customer of the SFPUC whose irrigation demands 
are currently met with potable water from the Regional Water System. Replacing 
irrigation supply with a different and appropriate water supply would be a beneficial 
potable offset for the SFPUC.  

6.2 Recommendations 

The following paragraphs outline possible next steps for Menlo CC, the SFPUC, and other 
potential partners to consider:  



Final Report, Feasibility Study for Developing an Alternative 
Page 6-2 Water Supply for Golf Course Irrigation 

p:\pw-proj\2010\1068015.00.01 - menlo country club rw\task 5_report\draft final report\client comments\mcc draft final report_metrevs.doc 

6.2.1 Site-Specific Water Quality/Soil/Turf Evaluation 

A site specific evaluation is suggested to confirm the acceptability of using Redwood City’s 
recycled water for irrigation. This evaluation should be performed by a landscape irrigation 
specialist with experience in evaluating soil, recycled water and turf/plant interactions. Based 
upon feedback from existing Redwood City irrigation customers and the successful use of 
recycled water at many other local golf courses, it expected that Redwood City’s recycled water 
would be appropriate for Menlo CC's irrigation needs. However, it is important to confirm this 
assumption and obtain the consensus and buy-in from operating staff and Menlo CC’s Board of 
Directors. The cost for performing such an evaluation might range from $5,000 to $10,000 and 
could be completed in about 4 to 6 weeks. It might also be beneficial for Menlo CC’s operations 
staff to speak with the Northern California Golf Association’s Environmental and Water 
Resources personnel and/or operating personnel at other courses about their experiences using 
recycled water for golf course irrigation. 

6.2.2 Financial Evaluation 

Using the conceptual level cost estimate for connecting to the Redwood City recycled water 
system, the payback period for the Menlo CC Only scenario should be determined. This 
evaluation should include the proposed SFPUC rate increases and Redwood City’s recycled 
water rates to determine the return on an investment in new facilities to serve the irrigation 
needs of Menlo CC. The potential cost impacts of droughts (both duration and intensity) or other 
operating conditions that could limit Menlo CC’s ability to obtain potable water supply and/or 
increase potable water costs should be included. This evaluation is likely to cost $5,000 to 
$7,000 if performed by a consultant.  

6.2.3 Alternatives Analysis 

Menlo CC and the SFPUC should meet with Redwood City6 representatives to discuss the 
merits of expanding its recycled water project in connection with one or more of the following 
options, including:  

1. Phase 2 Project Feasibility – Includes expanding the existing Phase 1 recycled water 
project to serve only new Redwood City customers on the west side of Highway 101. 
This would represent Redwood City’s “base case” alternative for a stand-alone project. 
Planning is currently underway by Redwood City staff and commitments for service are 
being explored with several customers. Understanding Redwood City’s base case in 
conjunction with the Menlo CC base case presented in this study would provide a 
foundation for exploring the advantages and disadvantages of other alternatives. 

2. Phase 2+ Project Feasibility – Builds on Phase 2 and includes new Redwood City and 
non-Redwood City customers between the proposed system connection and Menlo CC. 
Phase 2+ includes an extension of the Phase 2 project, in order to serve other 
non-Redwood City customers in the vicinity of Menlo CC, such as Woodside High 

                                                 
6 SBSA should be consulted if the demands of any project alternative change the existing agreement for 

facilities and operations, cost sharing, or if recycled water demands exceed the contributions of 
Redwood City to SBSA. This is not expected to be an issue for the Menlo CC base case, but 
should be evaluated as part of a follow-up study or alternatives analysis. 
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School. Increasing the size of Redwood City’s new recycled water distribution pipelines 
and the new onsite storage facility at Menlo CC to accommodate additional customers 
likely would help stabilize system pressures and improve overall system reliability. 
Additionally, this would allow Redwood City to deliver more recycled water, thereby 
increasing the cost effectiveness of the recycled water facilities and further reducing 
potable water demands on the SFPUC Regional Water System. An assessment of 
Redwood City’s existing CEQA documentation should also be performed to assess the 
requirements and timeline for supplemental CEQA work that would likely be required to 
implement this alternative (changed facilities siting, alignments, and project area). 
Because non-Redwood City customers would be served under this alternative, 
institutional agreements likely would be necessary to lay out the terms and conditions for 
use of Redwood City’s recycled water. 

3. Regional Program – Builds on the Phase 2+ alternative and includes other major 
potential customers in the vicinity of Menlo CC, such as the Sharon Heights Golf Course, 
Canada College, and the Stanford Linear Accelerator. The next steps for evaluating this 
alternative include the following: 

a. Confirming recycled water demands for each potential customer, 

b. Determining the interest of each potential customer in using recycled water, 

c. Evaluating if the capacity and existing facilities of the Redwood City recycled 
water system can accommodate the demands, 

d. Developing a conceptual level facilities plan and cost for serving the new 
customers, and 

e. Determining the required CEQA requirements and any institutional arrangements 
that would be necessary to implement the alternative.  

Similar expansion opportunities could be considered and evaluated with other SBSA partner 
agencies (City of Belmont, San Carlos, etc.) or non-SBSA partners like Foster City. The 
Regional Program alternative could include several sub-alternatives that would identify and 
evaluate the advantages and disadvantages affiliated with serving different customers.  

Understanding the additional investments needed to implement any of these alternatives and 
integrating the desire to preserve future flexibility would likely be important factors for Redwood 
City to evaluate before any decisions about a Phase 2 project can be made.  

Information from this analysis would be useful to support discussions between Menlo CC, 
SFPUC and Redwood City about potential partnering opportunities for a recycled water project. 
In addition, an evaluation of potential funding avenues that might be enhanced by a project 
partnership could be explored. 
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Appendix A: Menlo CC Irrigation Water Demand Patterns  
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Annual Irrigation Water Use at Menlo Country Club
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Average Water Use by Month (Dry Year)
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Average Water Use by Month (Wet Year)

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

50.0

Feb Mar Apr May June July Aug Sep Oct Nov Dec Jan

Month

D
em

an
d 

(a
cr

e-
fe

et
)

 
Wet Years (precipitation is more than 125% of average rainfall):1995, 1996, 1998 



 



 

Final Report, Feasibility Study for Developing an Alternative 
Water Supply for Golf Course Irrigation  
p:\pw-proj\2010\1068015.00.01 - menlo country club rw\task 5_report\final report\base files\mcc final report.doc 

Appendix B: Evapotranspiration and Precipitation Data and 
Estimated Irrigation Demands for Menlo CC 

 

 



 



Evapotranspiration and Precipitation and Estimated Irrigation Demands for Menlo CC  

Month 

Average 
Precipitation(a) 

(inches) 

Average 
Reference 

ETo(b) 
(inches) 

Average-Year 
Irrigation 
Demand(c) 
(inches) 

Dry-Year 
Irrigation 
Demand(d) 
(inches) 

Theoretical 
Irrigation 

Demands(e) 
(acre-feet) 

Average 
Irrigation 

Demands(f) 
(acre-feet) 

January 5.95 1.86 0 0 0 0.7 
February 5.66 2.24 0 0 0 2.3 
March 4.47 3.72 0 0 0 9.1 
April 1.75 4.8 3.05 4.8 25.4 17.7 
May 0.68 5.27 4.59 5.27 38.3 31.9 
June 0.14 5.7 5.56 5.7 46.3 37.5 
July 0.03 5.58 5.55 5.58 46.3 36.6 
August 0.13 5.27 5.14 5.27 42.8 33.4 
September 0.25 4.2 3.95 4.2 32.9 21.9 
October 1.29 3.41 2.12 3.41 17.7 11.1 
November 3.76 2.4 0 0 0 3.4 
December 5.44 1.86 0 0 0 1.1 
Total 29.55 46.31 29.96 34.23 250 207 
Average   4.28    
Peak   5.56 5.7   
(a) Source: Western Regional Climate Center, Woodside Fire Station 1 
(b) Source: California Irrigation Management Information System (CIMIS) ETo Zone Map, Zone 3. 
(c) Irrigation demand = ETo - Precipitation; irrigation demand = 0 in months when precipitation exceeds ETo. 
(d) The estimation of dry-year irrigation demand assumes that precipitation during irrigating months is zero and ETo rates remain at historical average 
(e) Theoretical irrigation demand = (Replacement ETo) x (Irrigated Area) x (ETo Factor). Irrigated area is assumed to be 100 acres based on information provided 

by Menlo CC staff. It should be noted that site specific information on landscape type was not factored into this estimation.  
(f) Irrigation demands are a 23-year average based on meter records provided by Menlo CC staff. 
(g) It should be noted that the Theoretical ETo Methodology indicates no irrigation demand November through March. However, meter records indicate that 

Menlo CC irrigates year-round. Some irrigation occurs November through February, but it is a relatively small demand, representing less than 4% of the total 
annual demand. For the purposes of estimating peak demands under the Meter Record Methodology, it is assumed that irrigation months are March through 
October. For the purposes of estimating peak demands under the Theoretical ETo Methodology, it is assumed that irrigation months are April through 
October. 
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1 Introduction 
The City of Redwood City (City) currently obtains 100 percent of its water supply from 
the City of San Francisco Water Department through its Hetch Hetchy Aqueduct water 
allocation. The City currently exceeds its supply assurance level by about 1,100 acre-
feet per year (AFY). The capacity of this existing water supply to meet future demand is 
limited and drought conditions could reduce the City’s allocation in the future. The City is 
considering four of the most viable options to reduce current demands on the Hetch 
Hetchy supply, to comply with the supply assurance level, and to provide supply for 
future growth. These four options are: 

1. Negotiating water transfers from other agencies that use the Hetch Hetchy 
regional system 

2. Negotiating a new source of potable water supply via the regional system 
(“wheeling”) 

3. Implementing water conservation measures 

4. Implementing a water recycling program for landscape irrigation and industrial 
uses 

 

Redwood City Water Supply Options 
 

 

 
 
 

 

 

 

 

To further explore the use of recycled water, the City completed the Water Recycling 
Feasibility Study for the Redwood Shores Area (Kennedy/Jenks, January 22, 2002) and 
the Water Recycling Study for Redwood City (Kennedy/Jenks, August 7, 2002).  The 
latter of the two feasibility studies recommended implementing a 1,955 AFY recycled 
water system in conjunction with water conservation programs to reduce existing 
demands on the San Francisco Hetch Hetchy regional water system to be within the 
City’s contractual supply assurance and to provide a source of future water supply for 
potential new developments within the City.  The City Council subsequently made a 
policy decision that “Redwood City will not make the use of recycled water mandatory to 
existing residences or homeowners’ associations”.  This decision required that the 
recycled water project be modified to account for the loss of planned irrigation 
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customers, and the refined project (Alternative E) was presented in a Technical 
Memorandum (Kennedy/Jenks, February 21, 2003). 

Recent public discussions about the recommended recycled water project have resulted 
in the City wanting to re-explore and confirm information related to other possible “new 
water supply” options.  One possibility for new supply could be local groundwater 
sources.  Historically, groundwater has not been a source of supply for the City because 
of water quality, reliability, and long-term production capacity concerns.  Local 
groundwater does exist, and this memorandum provides a preliminary feasibility level 
evaluation of the potential groundwater supply, groundwater quality and cost 
considerations associated with possibly developing groundwater resources in Redwood 
City that could be comparable to the proposed recycled water project under Alternative 
E. 

The study area encompasses the area within the City limits (Figure 1). For this study, 
existing data were compiled and evaluated. Study results are summarized and 
conclusions are presented regarding the feasibility of developing local groundwater 
resources to supplement water supply.  

2 Geology 
Regionally, Redwood City is located in the Coast Range Physiographic Province. The 
region is characterized by northwest-trending faults, mountain ranges, and valley 
depressions. Movement along the San Andreas, Hayward, and Calaveras faults and 
down warping of the area in between the fault zones has formed the depression whose 
axis is along the San Francisco Bay (DWR, August 1967). 

Redwood City is located in the South Bay Drainage Unit, which is characterized by a 
broad alluvial valley sloping toward the San Francisco Bay and flanked on the east and 
west by alluvial fans deposited at the foot of the Diablo Range in the East Bay and the 
Santa Cruz Mountains in the west (DWR, August 1967). Surface streams have flowed 
out from the elevated areas to the east and west of the San Francisco Bay area and 
deposited debris as alluvial fans and flood plains. These alluvial deposits comprise the 
major aquifers of the region. 

The near surface geologic materials beneath the City can be divided into three areas. 
The area in the northeast part of the City near the San Francisco Bay (Bay) is underlain 
by unconsolidated Bay Muds and Artificial Fill (see Figure 2). Review of water well logs 
indicates that the thickness of the Bay Muds in the vicinity of Redwood City is from 15 to 
100 feet. In the area southwest of Highway 101, the central area of the City is underlain 
by fine- to coarse-grained unconsolidated alluvial deposits.  On the southwestern edge 
of the City near Highway 280, the City is underlain by bedrock units comprised 
predominantly of the Butano and Franciscan Formations (SEEHRL, December 1987).   

The alluvial deposits form a wedge that thins near the bedrock hills and thickens toward 
the Bay. Review of water well logs indicates the thickness of the alluvial deposits in the 
vicinity of the City range from zero where bedrock crops out to approximately 500 feet 
near the Bay. Alluvial deposits underlie the Bay Muds and Artificial Fill. Bedrock units are 
the underlying basement complex beneath the alluvial deposits.  

Alluvial deposits are of most interest to this study since they comprise the water-bearing 
deposits in the study area. Alluvial deposits tend to be more fine-grained near the Bay 
and more coarse-grained near the bedrock units and along stream channels. The 
percentage of coarse-grained sediments in the study area is relatively less than in 
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surrounding areas to the south and north along the Peninsula. This is because local 
streams are small, drain relatively small watersheds, and thus have less capacity for 
transporting significant volumes of coarse-grained sediment (Fio and Leighton, 1995). 
Relatively coarse-grained deposits are found on the southeast edge of the City near 
Atherton associated with San Francisquito Creek (Fio and Leighton, 1995). San 
Francisquito Creek has a large watershed (40 square miles) and as a result alluvial 
deposits associated with the creek are permeable and the alluvial deposition area of the 
creek is large (DWR, August 1967).  

3 Hydrogeology 
Redwood City is located in the south San Mateo Bay Plain Groundwater Basin, which is 
part of the Santa Clara Valley Groundwater Basin (DWR, August 1967; SEEHRL, 
December 1987). Numerous aquifers make up the water-bearing units of the Santa 
Clara Valley Groundwater Basin. The aquifers are composed of unconsolidated 
permeable alluvial deposits separated by lower permeability units that act as aquitards 
or barriers to groundwater flow. The bedrock formations in the southwest of the study 
area are considered non-water-bearing, except for local small water supplies (SEEHRL, 
December 1987).  

The Department of Water Resources (DWR, August 1967) has defined three 
hydrogeologic subareas in the Redwood City area, which are based on the sources of 
the alluvial deposits found in each. These subareas include the San Francisquito 
Subarea, the Belmont Subarea, and the Niles Subarea (Figure 1).  

The City is underlain by the San Francisquito Subarea south of Brewster Avenue. The 
San Francisquito Subarea is the most important groundwater producing area on the 
Peninsula and for many years during the early half of the twentieth century supplied the 
municipal needs of Stanford University and the City of Palo Alto. The water-bearing 
sands and gravels of the San Francisquito Subarea are discontinuous and cannot be 
correlated into distinct aquifers across the area. The thickness of water-bearing 
sediments in the San Francisquito Subarea range from more than 1,000 feet south of 
Palo Alto thinning to approximately 500 at the northern end of the subarea beneath 
Redwood City (Fio and Leighton, 1995; DWR well logs). These alluvial deposits form a 
wedge; thin near the base of the Santa Cruz Mountains and thickening toward the Bay. 
Groundwater in the San Francisquito Subarea is recharged by infiltration along San 
Francisquito Creek, infiltration from Lake Lagunita, deep percolation and sub-surface 
inflow. Groundwater discharge is to wells and through the shallow aquifer to the Niles 
Subarea to the east.  

The City is underlain by the Belmont Subarea from just south of Brewster Avenue. to the 
northern City border. Relative to the San Francisquito Subarea, the alluvial deposits 
become thinner and more fine-grained with distance north along the Peninsula. 
Groundwater recharge in the subarea is mainly by infiltration along small streams 
draining the adjacent uplands. Groundwater may discharge to the Niles subarea to the 
east (DWR, August 1967). 

The City is underlain by the Niles Subarea near the Bay margin. The Niles Subarea 
includes the Niles Cone, which is the large alluvial fan formed by Alameda Creek in the 
East Bay that extends westward beneath the San Francisco Bay to the Redwood City 
bay front area (DWR, August 1967). With increasing distance westward from the City of 
Niles in the East Bay, the water-bearing units within this subarea thin and become more 
fine-grained. Recharge to the aquifers in this subarea occurs at its eastern edge in the 
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East Bay. Multiple laterally continuous aquifers have been defined in the Niles Subarea. 
The lateral continuity of Niles Subarea aquifers beneath the Bay was demonstrated 
through geologic profiling along the length of the Dumbarton Bridge and through 
pumping tests that showed drawdown in wells in the middle and on the east side of the 
Bay when a well on the west side of the Bay was pumped (DWR, August 1967). 

Because of the discontinuous nature of the water-bearing units in the San Francisquito 
and Belmont Subareas, groundwater levels vary from well to well and groundwater may 
be confined, semi-confined, or unconfined depending on the location of the well and 
depth of the screened interval. Depths to groundwater in the Niles Subarea vary from 
about 5 to 50 feet below the ground surface and occur under confined conditions. A 
review of driller’s logs in the study area indicates depths to groundwater from 3 to 155 
feet below ground surface (bgs) with an average of 34 feet bgs. It should be noted that 
the well logs represent wells drilled at various times from the 1920s to 2001, in different 
subareas, and at different depths. Generally groundwater flow in the study area is from 
the southwest uplands area to the northeast toward the Bay. 

Probable well yields in the study area have been estimated as varying from 1 to 100 
gallons per minute (gpm) within the alluvial deposits (Webster, 1972). Generally, this 
range of well yields is thought to be adequate for single family domestic use, but 
inadequate to marginal for light industrial use (Webster, 1972). Most of the wells drilled 
in the study area are small diameter (less than 8 inches) domestic and irrigation wells, 
with a few larger diameter (10 to 30 inch) industrial wells. It should be noted that the 
limited number of wells in the study area and the lack of long-term formal pumping test 
data limit the ability to reliably predict well yields. The pumping rates listed on drillers’ 
well logs compiled for the study area indicated minimum, maximum, mean, and median 
well yields of 0 gpm, 450 gpm, 70 gpm, and 28 gpm, respectively.  

Storage capacity is an estimate of the maximum volume of groundwater stored in the 
aquifer. Storage capacity can be estimated based on the specific yield of the sediments 
in the aquifer and the thickness and areal extent of saturated permeable sediments. 
Simply, specific yield is a measure of the volume of water that an aquifer releases by 
gravity. Thus, a gravel aquifer has a higher specific yield than a clay formation. 
Groundwater storage in the area east of the bedrock uplands, south of Ralston Avenue, 
north of Atherton Avenue and west of the Bay front is estimated at approximately 
800,000 acre-feet (AF). This estimate assumes an area of 27 square miles, an average 
alluvial thickness of 275 feet, an average depth to groundwater of 30 feet, and an 
average specific yield of 20 percent.  

It should be noted that the total volume of subsurface storage is not available for 
pumping because of the potential for of subsidence and salt water intrusion. Historically, 
land subsidence and compaction of the aquitards occurred in areas south of the study 
area when groundwater levels were drawn down approximately 50 feet below sea level 
(Fio and Leighton, 1995). Additionally, pumping to levels below sea level has the 
potential to reverse the natural groundwater flow direction and induce salt water intrusion 
from the Bay and shallow water-bearing units with poor quality water. Thus the usable 
volume of groundwater is much less than 800,000 AF. 

A more relevant indicator of the recoverable groundwater resource is the amount of 
groundwater that is recharged to the water-bearing units beneath the City on an annual 
basis.  The data are not available to support a detailed evaluation of the water balance, 
including inflows, outflows, and change in storage. However, a number of assumptions 
can be made to calculate a reasonable range of values for groundwater recharge (see 
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Table 1). For this estimate, it was assumed that percolation of rainfall and return flows 
from landscape irrigation are the major sources of recharge. Other sources of inflow 
(stream percolation, subsurface groundwater inflow, and leaking water and sewer lines) 
were assumed to be small. Based on the assumptions in Table 1, the annual 
groundwater recharge in the vicinity of Redwood City is estimated between a low of 
1,700 AFY and a high of 2,800 AFY.  

 

Precipitation 

Watershed Area
1

Annual Rainfall on

Rainfall Watershed

Area 5% - low 10% - high

(acres) (feet) (AFY) (AFY) (AFY)

12,000 1.5 18,000 900 1,800

Imported Water

Annual 40% Used 50% Used

Importation for Irrigation for Irrigation

low high 15% 15%

(AFY) (AFY) (AFY) (AFY) (AFY)

13,000 5,200 6,500 780 975

Total 1,680 2,775
1
 The watershed was measured as the area between the drainage divide on

   the southwest, Stockbridge Ave. on the south, San Carlos Ave. on the north,

   and Highway 101 on the west.

AFY - acre-feet per year

Irrigation Percolation to

Groundwater

Table 1

Estimate of Annual Groundwater Recharge Redwood City Area

Rainfall Percolation to

Groundwater

 

 

4 Wells and Production 
In the first half of the 20th century, water supplies in the Redwood City and surrounding 
Bay area were provided primarily by groundwater. In the second half of the century, 
substantial quantities of surface water were imported to supply the rapidly growing urban 
population of the area. A large number of wells used for residential irrigation still exist in 
the Atherton City area (Fio and Leighton, 1995; SEEHRL, December 1987).  

Groundwater production wells have been installed by some nearby water purveyors 
such as the California Water Service Company and the City of Palo Alto. The City of 
Palo Alto wells are not currently pumping and are used as an emergency backup in case 
of drought or imported supply interruption. The California Water Service Company wells 
were used in the past but have all been abandoned. 

Water well drillers reports for the Redwood City area and the areas immediately 
surrounding the City were collected from the Department of Water Resources (DWR) 
and inventoried to provide an indication of the characteristics of the aquifer beneath the 
Redwood City area. Just over 100 supply well logs (irrigation, domestic, and industrial) 
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were available. Monitoring, test and cathodic protection well logs were also collected. 
Many of the wells were older and likely have been abandoned or destroyed.  

Sixty-one wells have been constructed in the area since 1970 and it is assumed that 
these wells are still active. Almost all of the wells are relatively small diameter wells used 
for domestic supply or irrigation. Thirty-eight of the wells are located in the City of 
Atherton.   

Transmissivity is an indication of the productivity of the aquifer. Transmissivity can be 
estimated by performing a constant rate, long-term pumping test. A number of irrigation 
wells have been drilled recently in the Pacific Shores Center area (Geoconsultants, Inc., 
May 17, 1991; Bohley/Maley Associates, December 16, 1993; Maggiora Bros. Drilling, 
Inc., October 16, 2001).  These wells have larger diameter casings and more extensive 
pumping tests and water quality testing than most other wells in the study area. Four 
long-term pumping tests were conducted for Pacific Shores. During these tests the wells 
were pumped at rates between 40 and 250 gpm yielding a range of transmissivities from 
approximately 100 to 6,000 gallons per day per foot (gpd/ft) (Bohley/Maley Associates, 
December 16, 1993). Currently, three irrigation wells are operated in the Pacific Shores 
area and produce about 55 AFY (Bohley, March 5, 2003). 

While a constant rate, long-term pumping test is the best method of determining 
transmissivity, it can also be calculated empirically based on the initial pumping rate of 
the well and the observed drawdown. These initial measurements are often recorded on 
driller’s well logs. Review of the driller’s well logs collected in the Redwood City area 
from the DWR indicates a range in the empirically calculated transmissivity from 22 to 
60,000 gpd/ft with an average of 6,332 gpd/ft. If an aquifer has a transmissivity of less 
than 1,000 gpd/ft, it can supply only enough water for domestic wells or other low-yield 
uses. When transmissivity is 10,000 gpd/ft or more, well yields can be adequate for 
industrial and municipal purposes (Driscoll, 1986).  

Empirical transmissivity results indicate that development of a municipal supply may be 
possible; however, the initial pumping rates and drawdowns recorded on driller’s logs 
are not highly reliable and tend to overestimate well yields. Limited actual long-term 
pumping test data indicate transmissivities that are marginal for municipal supply. 

5 Groundwater Quality 
Limited data are available on natural groundwater quality beneath the City. It appears 
that water quality varies by the strata from which the samples were obtained (SEEHRL, 
December 1987). General mineral and physical testing was available for nine wells in 
the study area. The water quality results for these wells are presented in Attachment A. 

Elevated levels of nitrate can make groundwater unsuitable for drinking water supplies 
due to health concerns. Thus a primary maximum contaminant level (MCL) has been 
established for nitrate (45 mg/L). Sources of nitrate include septic systems, leaking 
sewer lines, and fertilizer application. Two wells with levels of nitrate above the primary 
MCL were identified north of San Francisquito Creek and just south of the study area 
(Leighton and Fio, 1995). Nitrate concentrations in two well samples within the study 
area were below the MCL (Attachment A). 

Elevated levels of other parameters such as total dissolved solids (TDS), hardness, iron, 
manganese, and chloride make groundwater undesirable for potable use for aesthetic 
rather than health reasons. Aesthetic concerns include problems with soap lathering, 
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taste, odor, and plumbing/clothing staining. Accordingly, these parameters are evaluated 
with reference to secondary MCLs or other criteria.  

TDS is a measure of the general dissolved mineral content of groundwater. The 
recommended secondary MCL for TDS in drinking water is 500 milligrams per liter 
(mg/L). Elevated TDS and chloride can be an indication of salt water intrusion. Because 
of the proximity of the San Francisco Bay to Redwood City, there is potential for salt 
water intrusion into the groundwater beneath the City. Shallow water-bearing zones near 
San Francisco Bay have levels of TDS above 500 mg/l. In addition, elevated TDS and 
chloride has been identified in an area north of San Francisquito Creek and south of the 
study area. TDS was above 500 mg/l in three of three wells sampled in the study area. 
Specific conductance, which is related to TDS, was above 900 micromhos per 
centimeter in five of eight wells sampled in the study area. Chloride was above 250 mg/l 
in two of eight samples collected in the study area (Attachment A). 

Water quality analyses available in the study area indicate hard (121 to 180 mg/l) to very 
hard (>180 mg/l) water in six of seven samples analyzed (Attachment A). Generally, 
hard water prevents soap from lathering and causes encrustation on surfaces when the 
water is heated.  

Iron exceeded the secondary MCL of 0.3 mg/l in three of five samples collected in the 
study area and manganese exceeded the secondary MCL of 0.05 mg/l in six of six 
samples (Attachment A).  

Water quality analyses performed for irrigation wells in the Pacific Shores area showed 
water that meets Title 22 requirements for potable supplies. However, iron, manganese, 
chloride, TDS, turbidity, and color exceeded secondary MCLs in individual wells.  

Elevated levels of some constituents including sodium and boron make groundwater 
unsuitable for irrigation uses. Elevated sodium levels in groundwater used for irrigation 
can cause deflocculation of clays and damage to soil structure (Hem, 1989). Elevated 
levels of sodium have been reported in some wells near San Francisquito Creek (Fio 
and Leighton, 1995).  Limited analyses available in the study area indicate acceptable 
boron levels for irrigation use. 

Because Redwood City is intensively developed with residential neighborhoods and 
commercial and industrial sites, groundwater resources are vulnerable to releases of 
contaminants associated with these land uses. A large number of possible 
contaminating activities exist in the city and range from leaking underground storage 
tanks to overuse of fertilizers and pesticides in residential areas. A total of 183 leaking 
underground storage tank sites have been identified in the City (SWRCB, 2003). Not all 
leaking underground tanks impact groundwater. However, 65 of the 183 sites have an 
“open” status, meaning that the extent of contamination has not been characterized or 
fully contained and/or remediated. Most of the contamination sites are located in areas 
of commercial and industrial development along the Highway 101 and El Camino Real 
corridors. A review of monitoring well logs compiled for the study area showed 30 sites 
where monitoring wells had been installed indicating the potential for groundwater 
contamination at these sites. All of the monitoring well logs available from the DWR in 
the study area are less than 30 feet deep. This indicates that contamination may be 
limited to shallower water-bearing zones with deeper zones protected by intervening 
aquitards. However, the extent of anthropogenic contamination in deeper water-bearing 
zones has not been characterized as part this study. A thorough review of regulatory 
files would be necessary to characterize contamination sites as part of the process for 
siting a new well. 
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6 Supplemental Wells 
This section summarizes our evaluation of the feasibility of supplemental wells to 
augment Redwood City’s water supply. 

6.1 Expected Yields 

Supplemental wells could be installed by the City for local irrigation and/or to augment 
existing water supplies in case of emergency or drought. However, yields from wells in 
the vicinity of Redwood City can be expected to be low ranging from 10 to less than 500 
gpm. This range of well yield has historically been considered inadequate to marginal for 
irrigation and municipal use. However, as water resources in California have become 
more stressed with ever increasing demand, what constitutes an acceptable yield has 
declined. Based on the existing data, a properly sited and designed, large diameter 
water well could potentially yield 200 gallons per minute (gpm) on a sustained basis. 
One well producing 200 gpm on a continuous basis, allowing for 30 days of down time 
and annual maintenance, would produce approximately 300 AFY. 

At this time, the groundwater resources in the Redwood City area are not widely utilized 
with the exception of the Atherton area; therefore, existing groundwater extraction is 
minimal. Thus, although the annual groundwater recharge is not great, there is not 
currently a large demand on the resource. As discussed in Section 3 above, a 
preliminary estimate of annual groundwater recharge in the Redwood City area ranges 
from 1,700 to 2,800 AFY.  The City could install supplemental wells to capture some 
portion of this annual recharge without mining the groundwater resource. It is estimated 
that a supplemental drilling program with wells distributed across the City might produce 
between 500 and 1,000 AFY. 

6.2 Expected Water Quality 

Based on the limited water quality data available, supplemental wells can be expected to 
have acceptable water quality for irrigation or potable uses. However, the water is hard 
with some wells exhibiting levels of TDS, iron, manganese, and chloride that are 
objectionable for aesthetic reasons. Therefore, groundwater would likely require 
blending and treatment prior to use for potable supplies. 

The Department of Health Services (DHS) requires that any new municipal drinking 
water supply well have a drinking water source assessment and protection (DWSAP) 
program completed prior to issuing an operation permit. A DWSAP program will define 
the capture zone of the well as well as all of the potentially contaminating activities that 
exist within that capture zone. Ideally, the DWSAP would identify any contamination site 
that could potentially impact the water quality in the supply well. As discussed in Section 
5 above, a number of contaminant releases have occurred in the City and many have 
impacted shallow groundwater supplies. These contamination sites would need to be 
assessed further as part of the process of siting a new well. In general, it is preferable to 
site wells away from commercial/industrial areas where most contaminant releases 
occur. 

6.3 Locations 

Based on the available data, it appears that supply wells located on the south side of the 
City in the San Francisquito Subarea and wells located near the Bay in the Niles 
Subarea are more likely to produce groundwater yields in the hundreds of gallons per 
minute range. In addition, groundwater wells located near stream channels are more 
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likely to penetrate more coarse-grained alluvial deposits than wells located at the 
midpoints between stream channels and nearer to the Bay.  

Water supply wells located near San Francisco Bay will be more susceptible to salt 
water intrusion from the Bay. Accordingly, operation of wells near the Bay would require 
regular monitoring to ensure that poor quality water from the Bay is not being pulled 
landward. As a general rule water supply wells located away from commercial and 
industrial areas are less susceptible to water quality degradation from the accidental 
release of contaminants due to leaks and spills in the near surface. 

6.4 Costs 

Due to the limited amount of data that exist in the study area, it would be prudent to 
conduct an exploration drilling program prior to drilling a production well. An exploration 
program would include drilling of one or more borings to the bedrock interface (~500 
feet), geophysical logging in the open borehole to characterize the permeable units and 
other aquifer parameters, converting the boring to a test well, constructing the test well 
with an 8-inch diameter casing, developing the test well, collecting and analyzing 
groundwater quality samples, conducting a pumping test to determine aquifer 
transmissivity, and preparing a report. The cost of an exploration program, including 
engineering costs would be approximately $100,000 per test well.  

Based on positive results of the exploration program, a production well could be 
designed and installed. The cost to design and install a 12-inch diameter, 500-foot deep 
production well is approximately $225,000 per well. 

Significant additional costs may be associated with permitting, land acquisition, 
treatment, power, pumps, and piping. Assuming that each well would require purchase 
of a 50-foot by 100-foot lot, a soundproof building enclosure matching adjacent 
development appearance, power service, pumping equipment, motor, motor control 
center, standby power generator, disinfection treatment system, mechanical piping and 
controls, planning, engineering, CEQA and administrative costs, an individual well for 
potable water could cost from $1M to $2M to construct, without additional treatment for 
iron and manganese. A well for onsite irrigation would be less expensive but would still 
provide an in-lieu water supply.  

7 Conclusions 
Our hydrogeologic review indicates that while the aquifers under the Redwood City area 
are considered marginal as sources of municipal supplies, these water-bearing zones 
are adequate to provide small amounts of supplemental water. There is available 
groundwater storage and recharge to provide a supplemental source of water. Currently, 
use of groundwater in the area is minimal so there is little competition for the resource. 
Existing data indicate that the expected yield from a properly sited and designed 
production well in the area would likely be less than 500 gpm and probably would be on 
the order of 200 gpm. The estimated annual recharge to groundwater in the Redwood 
City area is between 1,700 and 2,800 AFY. With a network of properly sited and 
designed well, the City might feasibly recover between 500 and 1,000 AFY of 
supplemental water.  

Groundwater quality is acceptable for potable and/or irrigation uses; however, to address 
aesthetic concerns, groundwater treatment and blending would be required for potable 
use. The existence of contamination sites would need to be evaluated and considered in 
the well siting process. 
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Groundwater resources could be developed for local irrigation applications, replacing 
imported water and/or for standby emergency potable use in case of drought or imported 
water interruption. Groundwater use for irrigation of local parks and open spaces would 
require less infrastructure since treatment and connection to the municipal supply would 
not be required. Development of supplemental groundwater for standby and emergency 
potable uses would involve considerable greater costs for CEQA approval, hook-up to 
the distribution system, groundwater treatment and transmission.  
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Groundwater Quality Data - Redwood City Area
Bayport 

Center #1
Bayport 

Center #1
Pacific 
Shores 

#1

Pacific 
Shores 

#2

Pacific 
Shores 

#3

Pacific 
Portland 

Cement #5

Pacific 
Portland 

Cement #7

Pacific 
Portland 

Cement #8

5S/3W-
20P1m

Constituent Units

Drinking 
Water 

Standard Apr-91 May-91 Sep-93 Oct-93 Nov-93 Jul-43 Jul-43 Jul-43 Feb-51
aluminum mg/L 1 16 - 0.53 0.14 - - - - -
arsenic mg/L 0.05 0.014 - - - - - - - -
barium mg/L 1 0.3 - 0.23 0.18 - - - - -
bicarbonate alkalinity mg/L 260 - 290 300 - - - - 264
boron mg/L 0.29 - - - 0.29 - - - -
cadmium mg/L 0.005 <0.001 - <0.01 <0.01 - - - - -
calcium mg/L 21 - 31 23 - - - - 58
carbonate alkalinity mg/L <2.0 - <2.0 <2.0 - - - - 0
chloride mg/L 250 110 - 12 260 140 356 144 166 184
chromium mg/L 0.05 0.034 - <0.01 <0.01 - - - - -
color color units 15 15 - 60 <5.0 - - - - -
copper mg/L 1.3 0.05 - <0.01 <0.01 - - - - -
fluoride mg/L 2 0.2 - - - - - - - -
hardness mg/L 160 - 170 160 - 170 120 190 300
hydroxide alkalinity mg/L <0.1 - <0.1 <0.1 - - - - -
iron mg/L 0.3 25 0.17 0.95 0.27 - - - - 1.1
lead mg/L 0.015 0.0079 - <0.005 <0.005 0.029 - - - -
magnesium mg/L 25 - 21 17 - - - - 38
manganese mg/L 0.05 0.46 0.08 0.19 0.11 0.097 - - - 0.26
mercury mg/L 0.002 <0.0002 - - - - - - - -
nitrate as NO3 mg/L 45 <1.0 - - - <0.1 - - - 6
odor threshold units 3 <1.0 - <1.0 <1.0 - - - - -
pH pH units >6.5 <8.5 8.3 - 7.5 7.8 - 7.6 7.6 7.6 8.0
potassium mg/L 19 - 7.1 2.7 - - - - -
selenium mg/L 0.05 <0.005 - - - - - - - -
silver mg/L 0.1 <0.001 - <0.01 <0.01 - - - - -
sodium mg/L 140 - 160 180 - - - - -
specific conductance umhos/cm 900 900 - 940 860 890 1,750     962 974 1,040 
sulfate mg/L 250 23 - 2 250 - - - - 49
surfactants mg/L 0.5 <0.02 - <0.025 <0.025 - - - - -
total dissolved solids mg/L 500 660 - 540 560 - - - - -
turbidity NTU 5 450 - 25 3.5 - - - - -
zinc mg/L 5 0.023 - 0.2 0.096 - - - - -
total coliform - - - - absent - - - -
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Table 2 – Water Quality Matrix for Landscape Irrigation 

None
Slight to 

Moderate
Severe

dS/m <0.7 0.7 - 3.0 >3.0

See Salinity Comments 

next page

mg/l <450 450 - 2000 >2000

See Permeability 

Comments next page

See Nitrogen Comments 

next page

SAR <3 3 -- 9 >9

mg/l <70 >70

mg/l <140 140 - 350 >350

mg/l <100 >100

mg/l <0.7 0.7 - 3.0 >3.0

5.0

1
Adapted from Ayers and Westcott & Irrigation with Reclaimed Municipal Wastewater A Guidance Manual, 1984 

Lead

<0.1 - 0.285.0

Copper

Iron

5.0

<0.5

>30

with 

an 

Ecw =

    Spray Irrigation

    Surface 

Irrigation

Sodium 

Absorption 

Ratio (SAR) = 

6 -- 12

<3 - 9

>1.9 1.9 - 0.5

~23 (ammonia + 

nitrite + nitrate as 

nitrogen)

<0.4<5 5 -- 30

0.515

Recommended Maximum Concentration 

(mg/l)
1 

See Trace  Metals 

Toxicity Comments next 

page
<0.050 - 0.088

Boron (B)

Degree of Restriction of Use
1

Comments (Reference 

Next Page)

    Spray Irrigation

    Surface 

Irrigation

Electrical 

Conductivity (Ecw)

Total Dissolved 

Solids (TDS)

mg-N/l

See Ion Toxicity 

Comments next page

 University of California Extension Leaflet 2995 Water Quality - Its Effects on Ornamental Plants

 Data from the National Urban Agriculture Council on Marin Municipal Water District's Recycled Water Demonstration Garden 1995 - 2002.

SALINITY, PERMEABILITY, TOXICITY & NITROGEN
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Table 2 – Water Quality Matrix for Landscape Irrigation (Comments) 
 
Salinity Comments: 
Concerns - Salinity (salt content) is measured in terms of Ecw and/or TDS.  If high levels of 
salt build up in surface soils, they can retard plant growth due to effects of ion toxicity and 
also reduced soil permeability which keeps water from percolating to the plant roots.   
 
Remarks - The salinity level of SBSA recycled water could have a 'slight' degree of 
restriction on use.  The data from the references, SBSA pilot project, and area demonstration 
gardens indicates that SBSA recycled water will not present a salinity problem for turf and 
the vast majority of ornamentals.  Additional treatment for salt reduction is not required on 
a continuous basis; however, standby connection to potable water is available for blending 
or leeching salt from soils if needed in the future. A water management protocol for 
avoiding or replacing salt sensitive plants, at the customers’ preference, is recommended. 
 
Permeability Comments: 
Concerns - Soil permeability is commonly expressed in terms of SAR -- a ratio of the 
concentrations of sodium, calcium, and magnesium -- in conjunction with a specific salinity 
(Ecw) value. As SAR increases and Ecw decreases in any water source, soil permeability is 
impacted, which in turn causes reduction of soil aeration and water infiltration and 
percolation. 
 
Remarks - The SAR and Ecw values indicate that SBSA recycled water could have a 'slight' 
degree of restriction of use.  The use of SBSA recycled water will not present a significant 
problem associated with soil permeability.  There are well-established methods for 
managing soil permeability that are typically performed for any landscape such as surface 
cultivation, sod plugging and the use of mulch to prevent soil compaction.  Gypsum can 
also be added to the water or soil to further enhance permeability in the soil.  Concepts for 
managing soil permeability should be included in a water management protocol for 
customers.   
 
Nitrogen Comments: 
Concerns - Nitrogen in recycled water is beneficial in landscape management because it is a 
essential plant nutrient and reduces the need for fertilizer.  However, excessive nitrogen 
concentration can increase the incidence of heat stress, particularly in hot climates during 
the summer when temperatures and irrigation volumes are at seasonal highs. Total 
Nitrogen (N) is composed of nitrate, nitrite and ammonia species.  SBSA recycled water 
averages nitrate at 2.3 mg-N/l and ammonia at 21 mg-N/l. 
 
Remarks -  SBSA recycled water may have a  'slight' to moderate' degree of restriction of use 
in terms of its nitrogen content.  The temperate climate at Redwood City helps to buffer 
potential heat stress as compared to the Central Valley of California where recycled water is 
used successfully for irrigation.  It is anticipated that fertilization amounts and frequency 
will need to be reduced to prevent heat stress in the summer, and this should be provided as 
a water management protocol for customers. 
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Ion Toxicity Comments: 
Concerns - Ion toxicity can occur when specific ions accumulate to toxic concentration levels 
in the leaves during transpiration or from overhead irrigation.  Primary constituents of 
concern are sodium, chloride, and boron.  Ion toxicity can cause foliar damage at leaf edges, 
leaf drop, and in severe cases long-term plant dieback. 
 
Remarks - According to the guidelines, SBSA recycled water would have a "slight to 
moderate" degree of restriction of use for both spray and surface irrigation due to relatively 
elevated levels of sodium and chloride.  Boron appears to be within the ranges where  an 
ion toxicity problem will not occur.  If sodium and chloride concentrations can be 
maintained close to their current levels, and proper water management practices are 
employed on landscape sites, ion problems can be avoided for the vast majority of plant 
species.  It is recommended that plant lists and plant monitoring be performed for sensitive 
species, and that water quality monitoring of these ions be performed.  Ion toxicity can be 
addressed by blending with potable water to reduce ion concentrations, if required. 
 
Trace Metals Toxicity Comments: 
Concern - Some heavy metals accumulate in the environment and are toxic to plants and 
animals.  Aluminum can cause nonproductivity in acid soils, but soils at pH 5.5 to 8.0 will 
precipitate the ion and eliminate toxicity; copper can be toxic to a number of plants a at 0.1 
mg/L in nutrient solution; iron can contribute to soil acidification and loss of essential 
phosphorous and molybdenum; and lead can inhibit plant cell growth at very high 
concentrations.   
 
Remarks - SBSA recycled water was tested for aluminum, copper, lead, and iron.  The 
concentrations of these metals were well below the maximum allowable concentrations and 
no problems related to Trace Metal Toxicity are anticipated.   

 
 
 
 



 



Redwood City Recycled Water 
Water Quality Monitoring

Sample Date 12/22/2009 4/15/2010 7/21/2010

INORGANIC Units
Aluminum (total) mg/L 0.25 0.14 0.19
Ammonia (total, as N) mg/L 32 30 35
Antimony (total) mg/L 0.0012 0.0011 0.0013
Arsenic (total) mg/L < 0.0050 0.00071 0.001
Barium (total) mg/L 0.0076 0.0074 0.004
Bicarbonate (as HCO3) mg/L 260 310 280
Boron (total) micro g/L < 500 330 330
Cadmium (total) mg/L < 0.00010 < 0.00011 < 0.00012
Calcium (total) mg/L 28 35 28
Chloride mg/L 290 270 300
Chromium (total) mg/L 0.00084 0.00063 < 0.00050
Cobalt (total) micro g/L 0.59 0.82 0.68
Copper (total) mg/L 0.012 0.028 0.14
Fluoride mg/L 0.90 0.81 0.82
Iron (total) mg/L 0.12 0.084 0.14
Lead (total) mg/L 0.00045 0.0021 0.00068
Magnesium (total) mg/L 26 31 27
Manganese (total) mg/L 0.12 0.14 0.13
Mercury (total) mg/L < 0.0010 < 0.0011 < 0.0012
Nickel (total) mg/L 0.0051 0.0046 0.0053
Nitrate (as N) mg/L 0.27 0.37 0.22
Nitrite (as N) mg/L 2.3 < 0.20 < 0.21
o-Phosphate (as PO4) mg/L 7.6 5.4 7.5
Phosphate (computed) mg/L 7.6 5.4 7.5
Potassium (total) mg/L 18 14 16
Selenium (total) mg/L 0.0027 0.0034 0.0021
Silicon (dissolved, as SiO2) mg/L 9.8 15 11
Silver (total) mg/L < 0.00010 < 0.00011 < 0.00012
Sodium (total) mg/L 160 160 170
Sulfate mg/L 59 65 55
Tin (total) mg/L < 0.050 < 0.051 < 0.052
Zinc (total) mg/L 0.031 0.023 0.032



Redwood City Recycled Water 
Water Quality Monitoring

Sample Date 12/22/2009 4/15/2010 7/21/2010

ORGANIC
1,1,1-Trichloroethane mg/L < 0.00050 < 0.00050 < 0.00050
1,1,2,2-Tetrachloroethane mg/L < 0.00050 < 0.00050 < 0.00050
1,1,2-Trichloroethane mg/L < 0.00050 < 0.00050 < 0.00050
1,1-Dichloroethane mg/L < 0.00050 < 0.00050 < 0.00050
1,1-Dichloroethylene mg/L < 0.00050 < 0.00050 < 0.00050
1,2-Dichlorobenzene mg/L < 0.00050 < 0.00050 < 0.00050
1,2-Dichloroethane mg/L < 0.00050 < 0.00050 < 0.00050
1,2-Dichloropropane mg/L < 0.00050 < 0.00050 < 0.00050
1,3-Dichlorobenzene micro g/L < 0.50 < 0.50 < 0.50
1,3-Dichloropropene mg/L < 0.00050 < 0.00050 < 0.00050
1,4-Dichlorobenzene mg/L < 0.00050 < 0.00050 < 0.00050
Acetone micro g/L < 5.0 8.4 < 5.0
Anionic Surfactants (MBAS) mg/L 0.099 0.095 0.052
Benzene mg/L < 0.00030 < 0.00031 < 0.00032
Bromodichloromethane micro g/L 2.7 4.4 2.5
Bromoform micro g/L < 0.50 3 0.54
Carbon tetrachloride mg/L < 0.00050 < 0.00050 < 0.00050
Chloroethane micro g/L < 0.50 < 0.50 < 0.50
Chloroform micro g/L 3.0 5.2 4.2
Chloromethane micro g/L < 0.50 < 0.50 < 0.50
cis-1,2-Dichloroethylene mg/L < 0.00050 < 0.00050 < 0.00050
cis-1,3-Dichloropropene micro g/L < 0.50 < 0.50 < 0.50
Dibromochloromethane micro g/L 1.2 3.8 1.3
Dichloromethane mg/L < 0.00050 0.0026 < 0.00050
Ethylbenzene mg/L < 0.00050 < 0.00050 < 0.00050
Ethylene dibromide mg/L < 0.00050 < 0.00050 < 0.00050
m- + p- Xylene micro g/L < 0.50 < 0.50 < 0.50
Methyl bromide micro g/L < 0.50 < 0.50 < 0.50
Methyl ethyl ketone micro g/L < 1.0 < 1.0 < 1.0
Methyl isobutyl ketone micro g/L < 1.0 < 1.0 < 1.0
Monochlorobenzene mg/L < 0.00050 < 0.00050 < 0.00050
o-Xylene micro g/L < 0.50 < 0.50 < 0.50
Styrene mg/L < 0.00050 < 0.00050 < 0.00050
Tetrachloroethylene mg/L < 0.00050 < 0.00050 < 0.00050
Toluene mg/L < 0.00030 0.00034 0.0004
Total Kjeldahl Nitrogen / TKN mg/L 32 28 36
Total Nitrogen mg/L 35 28 37
Total Xylenes mg/L < 0.00050 < 0.00050 < 0.00050
trans-1,2-Dichloroethylene mg/L < 0.00050 < 0.00050 < 0.00050
trans-1,3-Dichloropropene micro g/L < 0.50 < 0.50 < 0.50
Trichloroethylene mg/L < 0.00050 < 0.00050 < 0.00050
Vinyl chloride mg/L < 0.00050 < 0.00050 < 0.00050



Redwood City Recycled Water 
Water Quality Monitoring

Sample Date 12/22/2009 4/15/2010 7/21/2010

PHYSICAL
Alkalinity (bicarbonate, as CaCO3) mg/L 220 260 230
Alkalinity (carbonate, as CaCO3) mg/L < 5.0 < 5.0 < 5.0
Alkalinity (hydroxide, as CaCO3) mg/L < 5.0 < 5.0 < 5.0
Alkalinity (total, as CaCO3) mg/L 220 260 230
BOD-5 mg/L > 11 6 7.3
Color CU 20 11 12
Conductivity micro mho/cm 1,600 1600 1500
Hardness (total, as CaCO3) mg/L 180 214 183
pH  7.35 7.5 7.44
Sodium Absorption Ratio  5.18 4.82 5.44
Suspended Solids mg/L 2.2 2.6 2.4
Total dissolved solids / TDS mg/L 690 690 660



 



DETECTED CONTAMINANTS UNIT MCL PHG
OR (MCLG)

RANGE OR 
LEVEL FOUND

AVERAGE
OR [MAX] MAJOR SOURCES IN DRINkING WATER

TURBIDITY (1)

For Unfiltered Hetch Hetchy Water NTU 5 N/A 0.27 - 0.52 (2) [3.87] (3) Soil runoff

For Filtered Water from Sunol Valley 
Water Treatment Plant (SVWTP)

NTU

-

1 (4)

min 95% of samples 
≤0.3 NTU (4)

N/A

N/A

-

100%

[0.26]

-

Soil runoff

Soil runoff

For Filtered Water from Harry Tracy 
Water Treatment Plant (HTWTP)

NTU
-

1 (4)

min 95% of samples 
≤0.3 NTU (4)

N/A

N/A

-

100%

[0.18]

-

Soil runoff

Soil runoff

DISINFECTION BYPRODUCTS AND PRECURSOR

Total Trihalomethanes ppb 80 N/A 13 - 50 [34] (5) Byproduct of drinking water chlorination

Haloacetic Acids ppb 60 N/A 7 - 32 [22] (5) Byproduct of drinking water chlorination

Total Organic Carbon (6) ppm TT N/A 2.3 - 3.2 2.7 Various natural and man-made sources

MICROBIOLOGICAL

Total Coliform - NoP ≤5.0% of 
monthly samples

(0) - [0.3%] Naturally present in the environment

Giardia lamblia cyst/L TT (0) 0.01 - 0.05 [0.05] Naturally present in the environment

INORGANIC CHEMICALS

Fluoride (source water) (7) ppm 2.0 1 <0.1 - 0.8 0.3 (8) Erosion of natural deposits

Chloramine (as chlorine) ppm MRDL = 4.0 MRDLG = 4 0.02 - 2.5 [1.8] (5) Drinking water disinfectant added for treatment

CONSTITUENTS WITH  
SECONDARY STANDARDS UNIT SMCL PHG RANGE AVERAGE TYPICAL SOURCES OF CONTAMINANT

Aluminium ppb 200 N/A <50 - 51 <50 Erosion of natural deposits

Chloride ppm 500 N/A 4 - 14.6 9.5 Runoff / leaching from natural deposits

Color unit 15 N/A <5 - 9 <5 Naturally-occurring organic materials

Specific Conductance µS/cm 1600 N/A 30 - 309 170 Substances that form ions when in water

Sulfate ppm 500 N/A 1.1 - 35.6 16.6 Runoff / leaching from natural deposits

Total Dissolved Solids ppm 1000 N/A 22 - 168 92 Runoff / leaching from natural deposits

Turbidity NTU 5 N/A 0.08 - 0.33 0.16 Soil runoff

LEAD AND COPPER (9) UNIT AL PHG RANGE 90TH  
PERCENTILE MAJOR SOURCES IN DRINkING WATER

Copper ppb 1300 300 12 - 152 66 Corrosion of household plumbing systems

Lead ppb 15 0.2 <1 - 16.6 6.9 Corrosion of household plumbing systems

OTHER WATER QUALITY PARAMETERS UNIT ORL RANGE AVERAGE

Alkalinity (as CaCO3) ppm N/A 8 - 102 50

Boron ppb N/A <100 - 102 <100

Bromide ppb N/A <10 - 16 <10

Calcium (as Ca) ppm N/A 2 - 26 12

Chlorate (10) ppb (800) NL 56 - 511 258

Hardness (as CaCO3) ppm N/A 12 - 108 55

Magnesium ppm N/A 0.2 - 8.8 4.5

pH - N/A 8.7 - 8.8 8.7

Potassium ppm N/A 0.24 - 1.5 0.9

Silica ppm N/A 4.8 - 7.5 5.9

Sodium ppm N/A 3 - 23 14

kEY:

< / ≤ =  less than / less than or equal to  
AL = Action Level  
Max = Maximum  
Min = Minimum  
N/A = Not Available  
ND = Non-detect  
NL = Notification Level  
NoP = Number of Coliform-Positive Samples
NTU = Nephelometric Turbidity Unit  
ORL = Other Regulatory Level  
ppb = part per billion  
ppm = part per million  
µS/cm = microSiemens / centimeter

NOTES: (1) Turbidity is a water clarity indicator; it also indicates the effectiveness of the filtration plants; (2) Turbidity is measured every four hours. These are monthly average turbidity values; (3) This is the 
highest turbidity of the unfiltered water served to customers in 2009. The highest single turbidity measurement of the unfiltered water in 2009 was 10 NTU but the turbid water was pumped away to San Antonio 
Reservoir without serving customers. The startup of San Joaquin Pipelines caused elevated turbidities as a result of sediment resuspension in the pipelines; (4) There is no MCL for turbidity. The limits are based 
on the TT requirements in the State drinking water regulations; (5) This is the highest quarterly running annual average value; (6) Total organic carbon is a precursor for disinfection byproduct formation. The TT 
requirement applies to the filtered water from the SVWTP only; (7) The SFPUC adds fluoride to the naturally occurring level to help prevent dental caries in consumers. The CDPH requires our fluoride levels in the 
treated water to be maintained within a range of 0.8 ppm - 1.5 ppm. In 2009, the range and average of our fluoride levels were 0.7 ppm - 1.3 ppm and 1.0 ppm, respectively; (8) The naturally occurring fluoride levels 
in the Hetchy Hetchy and SVWTP raw water are ND and 0.2 ppm, respectively. The HTWTP raw water has elevated fluoride levels due to the continued supply of the fluoridated Hetch Hetchy & SVWTP treated 
water into Lower Crystal Springs Reservoir, which supplies water via San Andreas Reservoir to the HTWTP for treatment; (9) The most recent Lead and Copper Rule monitoring was in August 2009.  One of the 
59 water samples collected at consumer taps had lead concentration above the Action Level; (10) There was no chlorate detected in the raw water sources. The detected chlorate in treated water is a byproduct 
of the degradation of sodium hypochlorite, the primary disinfectant used by SFPUC for water disinfection. Note: The blend of different water sources has been variable and has resulted in varying water quality 
parameters due to system improvements and operational constraints. Additional water quality data may be obtained by calling the SFPUC Water Quality Division toll free number at (877) 737-8297.

City of San Francisco Water Quality Data for Year 2009
The table below lists drinking water contaminants detected in 2009. Contaminants below detection limits are not shown. In addition to the contaminants’ names, applicable 
drinking water standards or regulatory action levels, ideal goals for public health, and levels detected in water, the table also includes the information about typical contaminant 
sources and footnotes explaining the findings. The State allows the SFPUC to monitor for some contaminants less than once per year because their concentrations do not change 
frequently. The SFPUC received from the State a monitoring waiver for some contaminants that were absent in the water.
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Appendix E: Conceptual-Level Schematic of a Typical 
Satellite Treatment System 
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Appendix F: Conceptual-Level Capital Cost Curve for 
Satellite Treatment (2010 dollars)  

 



 



(1) Based on a 2003 study by the North Bay Watershed Association for a facility in Novato, CA. The 2003 costs have been adjusted to 2010 dollars using 
the Engineering News Record Construction Cost Index [Aug 2003 = 7,801; Oct 2010 = 10,111]
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AQUIFER SYSTEM 
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Hypothesis: Seawater intrusion into the deep aquifer system directly west of Daly City 
pumping is impeded by geologic structural features, including dipping and folded beds 
and an interpreted outcropping in the ocean that extends as far as 25 miles offshore. 

 

The conceptualization of impedance to seawater intrusion from the ocean into Daly City 
has been advanced through a close examination of offshore topography and geology, and 
stratigraphic relationships in the Merced Uplands area. The results support the hypothesis 
that water supply wells in the Daly City area do not have a direct connection to the 
Pacific Ocean. The controlling factors are the presence of the Serra Fault, deformation of 
beds in the sea cliffs along the coast, and a shallow sea shelf that extends about 25 miles 
offshore. This combination of factors is a refinement of the previous conceptualization 
which identified steeply dipping beds and possibly offshore topography as primary 
conceptual model components. 

 

In addition to the above, seawater intrusion is not currently occurring west of Daly City 
as evident from water levels in monitoring wells recently constructed within three 
different depth horizons at Thornton Beach that are above sea level. 

 

Hypothesis: Seawater intrusion north of Lake Merced is constrained by the lack of a 
gradient for onshore flow and also by projections of offshore structural features. 

 

A network of multiple completion, dedicated monitoring wells was installed along the 
coast in the Sunset district to extend Pacific coastal monitoring from the San Francisco 
Zoo to Golden Gate Park. Initial ground-water level readings west and north of Lake 
Merced indicate that ground-water levels are higher than sea level at the time the wells 
were installed in late 2003 to early 2004. 

 

Hypothesis: There is no direct pathway (i.e., through geologic strata) for seawater 
intrusion to occur from the San Francisco Bay into the San Bruno portion of the 
Westside Basin. 

 

Monitoring in two privately owned monitoring wells near the San Francisco Bay in the 
area east of San Bruno’s municipal well field  during the in-lieu demonstration and 
aquifer testing indicates some hydraulic connection in the ground-water system between 
these two areas. This observation points to a need for possible follow-up geologic 
investigation to determine whether there may be a connection between the Bay and the 
San Bruno well field. 
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Results of In-Lieu Recharge Demonstration 

Fall 2002 Through Spring 2005 

Westside Basin Conjunctive Use Pilot Project 

Executive Summary 

Results from an In-Lieu Recharge Demonstration in the Westside Basin indicate that in-lieu 
recharge of the groundwater basin can successfuliy be accomplished by reducing pumping, using 
supplemental water to replace the reduced pumping, and allowing ongoing recharge to 
accumulate in the basin. From the Fall of 2002 through the Spring of 2005, California Water 
Service Company and the Cities of San Bruno and Daly City participated in a pilot project to 
study the effects of the recharge component of a conjunctive use program in which these entities 
reduced groundwater pumping and purchased supplemental surface water from the SFPUC. The 
cooperation of these entities in the demonstration program allowed a study of the resultant 
increase in groundwater storage, as reflected by a rise in groundwater levels, and the 
corresponding decline when the wells were pumped again. 

The pilot project was intended to assess the recharge component of a potentially permanent 
program with the following objectives: 

Increase groundwater levels in the Westside Basin, 
- Reduce the potential for seawater intrusion, 
- Develop increased SFPUC system supplemental dry year and emergency supply from 

the overall surface and groundwater system, and 
- Potentially improve conditions at Lake Merced. 

As a result of varying reductions in pumping through the southern Westside Basin, the total 
increase in storage for the southern Westside Basin during the in-lieu recharge period was 
approximately 13,000 acre feet (af), of which approximately 6,300 af was in the Daly City area, 
3,600 af in the South San Francisco area, and 3,000 af in the San Bruno area. 
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An electronic version of this document and user modifiable copies of the grant 
application forms are available at: 
http://www.baaqmd.gov/pln/grants_and_incentives/bfp/index.htm 



 

 

 
 
 
 
 

REMINDER CHECKLIST 

 
 
Grant Application Submittal Dates: The Air District will begin reviewing FY 
2008/09 BFP grant applications at 4:00 PM on Monday, June 16, 2008 and on an 
ongoing basis while BFP funds are available.   
 
 

� Review this grant application package, including the BFP Guidelines. 

� Attend the joint TFCA Regional Fund / BFP grant application workshop at 9:30 
AM on Friday, May 16, 2008 at the Air District’s offices. Attendance at the 
workshop is not required to apply for funds.  Directions to the Air District are 
available at http://www.baaqmd.gov/dst/directions/index.htm.   

� Grant applicants are encouraged to discuss their project and any questions they 
have with Air District staff prior to submitting a grant application.  

� Complete the grant application form (Parts 1 through 4, plus 5A and/or 5B, as 
required by the project components). 

� Submit all required attachments and documentation (Bike Plan, Budget, Photo’s, 
etc.) clearly labeled with the grant application. 

� Make sure the amount requested is greater then $10,000 and less than the 
maximum amount allowable. 
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BICYCLE FACILITY PROGRAM SUMMARY 

BACKGROUND 

The Bay Area Air Quality Management District (Air District) makes grants through 
the Bicycle Facility Program (BFP) to encourage bicycling as a strategy to reduce 
mobile source emissions in the Bay Area. The BFP has been developed as a 
separate grant program to provide a more streamlined mechanism for funding the 
implementation of new bicycle facilities in the region.  By providing default funding 
amounts that are in line with past cost-effective projects, the BFP simplifies the 
grant application, funding, and monitoring processes. 
 
The BFP is funded by the Transportation Fund for Clean Air (TFCA).  TFCA 
revenues are generated through a $4 surcharge on motor vehicle registrations within 
the Air District’s jurisdiction.  The Air District’s objectives for the TFCA program are 
to fund the most cost-effective projects that reduce motor vehicle emissions, and to 
support the implementation of the transportation control measures and mobile 
source measures in the Bay Area 2005 Ozone Strategy. 
 
SCHEDULE 
The Air District will initially review all grant applications received by Monday, June 
16, 2008. If the BFP is oversubscribed, projects will be chosen, by lottery, from all 
eligible applications that were received by 4:00 PM that day.  Grant applicants will 
be notified, and invited to attend, if a selection lottery becomes necessary.  While 
BFP funds remain available, grant applications will continue to be accepted on an 
ongoing basis until funds are exhausted or Air District staff begins preparing for the 
next funding cycle. 

Schedule for FY 2008/09 BFP Fund Cycle 

Friday, May 16, 2008 

Joint BFP and TFCA Regional Fund workshop for grant 
applicants at 9:30 AM. The workshop is scheduled for two 
hours, with the BFP discussion immediately following the 
TFCA session. 

Monday, June 16, 
2008 

The Air District begins reviewing grant applications.  
Grant applications will be accepted on an ongoing 
basis while FY 2008/09 funding for the BFP remains. 

Ongoing – (beginning 
July 2008) 

Grant applicants are notified of the status of their grant 
application within 30 days of receipt. 

Ongoing – (beginning 
September 2008) 

Proposed funding agreements and vouchers are issued 
within 60 days of a grant application being accepted for 
BFP funding.  
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WHO CAN APPLY 
Any public agency sponsoring an eligible project within the jurisdiction of the Air 
District is eligible to apply for BFP grants.  The Air District encompasses all of 
Alameda, Contra Costa, Marin, Napa, San Francisco, San Mateo, and Santa Clara 
Counties, and the southern parts of Solano and Sonoma Counties.  Eligible public 
agencies include cities, counties, transit districts, school districts, and other special 
purpose agencies.  Eligible grant recipients will be responsible for the 
implementation of the project and must have the authority and capability to complete 
the project.   
 
Project sponsors may not be eligible for additional BFP funding if they have 
unresolved issues related to a project previously funded through the Air District as 
indicated in guidelines #6-10, including an: 
• Outstanding unfulfilled monitoring and reporting obligation,  
• Exclusion from future funding due to a failed fiscal or performance audit,  
• Unsigned funding agreement from a previous year’s grant cycle, or  
• Existing project that is not being executed in a manner consistent with its 

implementation schedule. 
 

AVAILABLE FUNDS  
A total amount of $600,000 will be available for distribution via the BFP in FY 
2008/09.  The minimum BFP grant for a single project is $10,000 and the maximum 
grant is 35% of the total funds available (or $210,000 in FY 2008/09). The BFP grant 
amount plus matching funds must equal the total amount needed for the project.  
 

PROJECT TYPES AND FUNDING AMOUNTS 
During FY 2008/09 the Air District has approved maximum funding levels for the 
following project types, as listed in the table below.  A single grant application may 
combine multiple project types, but must call out each component of the project.  
The grant amounts listed below are inclusive of all eligible project costs, and 
constitute the maximum funding available for each component.  Project sponsors 
may request less funding if appropriate for their projects.  Payments will only be 
made on the actual costs of the project.   
 

Project Type / Project Component  Maximum Grant Amount 
Bikeways  

Class I (Bicycle Path) $115,000 per mile of path 
Class II (Bicycle Lane) – Standard $30,000 per mile of roadway 
Class II (Bicycle Lane) – Continuous Construction $85,000 per mile of roadway 
Class III (Bicycle Route) $15,000 per mile of route 

Bicycle Parking Facilities  
Bicycle Locker(s) – Mechanical $900 per locker 
Bicycle Locker(s) – Electronic $2,500 per locker 
Bicycle Locker(s) – Retrofit Mechanical to Electronic $650 per retrofit kit 
Bicycle Rack(s) $60 per bicycle accommodated 
Secure Bicycle Parking $130 per bicycle accommodated 

Bicycle Rack(s) on Public Transportation Vehicles $750 per rack 
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The Air District has determined that the above funding levels for each project type 
meet the TFCA cost-effectiveness criterion for the BFP ($90,000 of TFCA funds per 
ton of emissions reduced over the lifetime of a project).  These grant amounts reflect 
historic funding levels for similar projects, adjusted based on information from 
previous projects and outside literature and performance reviews.  The grant 
amounts are not necessarily intended to pay the full cost of project implementation. 
Applications that request additional amounts beyond those listed will not be 
considered. 
 

Additional Information for Select Project Types: 

A Class I – Bicycle Path provides a separated right of way for the exclusive use of 
bicycles and pedestrians, in which motorized vehicles are prohibited and crossings 
by pedestrians and automobiles are minimized.  
 
A Class II – Bicycle Lane is a paved, on-road bikeway that separates bicyclists 
from vehicle traffic by a striped lane dedicated for one-way bicycle travel.  The grant 
amounts listed are for two lanes installed on a roadway, to provide for bicycle travel 
in both directions; a single bike lane (in one direction only) would qualify for one-half 
the stated amount.   

• Class II – Standard projects include projects that can be completed within the 
existing roadway width through restriping and realignment of existing lanes 
and parking spaces.  

• Class II – Continuous Construction projects entail physical improvements 
(e.g., the purchase of right-of-ways, non-maintenance paving or the widening 
of a roadway, relocation of utilities) over the length of the segment. 

• Grant amounts for Continuous Construction and Standard Class II facilities 
cannot be combined for the same roadway segment but can be applied to 
different segments along the same bikeway. 

* If a roadway is already striped for wide shoulder and only needs signs, then the 
project will be considered Class II at Class III award amounts. 

 
A Class III – Bicycle Route indicates a preferred route for bicycle travel that is 
shared with motor vehicles. It should follow roadways where traffic is relatively light 
and potential conflicts between bicycles and vehicles can be minimized.  Bicycle 
routes must be indicated with signs.  Street markings and traffic calming devices 
and barriers, which route vehicle traffic but allow bicycles to pass through, are also 
allowed as part of a Class III project.   
 
A Bicycle Rack installed with TFCA funds should be anchored in place.  Its capacity 
is determined based on the manufacturer’s specifications and the location in which it 
will be installed.  For example, a standard inverted “U” rack holds two bicycles 
(unless installed in a location where only one bicycle can access the rack).    
 
Secure Bicycle Parking facilities provide a secure location for storing bicycles, 
such as in limited-access bicycle cages and bike stations. BFP funds can be used 
for the capital costs of bicycle parking, but not the operational costs.  
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ELIGIBILITY CRITERIA  

An eligible project must meet the following criteria to be considered for funding:  

• Result in a new bicycle facility, which is available for public use; 

• Be included in an adopted countywide bicycle plan (as described in Guideline 
15), Congestion Management Program (CMP), or the Metropolitan 
Transportation Commission’s Regional Bicycle Plan.  A written statement of 
intent from the responsible Congestion Management Agency to include the 
project in the next update of the CMP will also fulfill this requirement;  

• Adhere to the applicable design standards in Chapter 1000 of the California 
Highway Design Manual;  

• Reduce motor vehicle emissions through providing an alternative to vehicle 
trips made for utilitarian purposes (such as work/school commuting, shopping, 
etc.).  In order to ensure that this criteria is met:  

o Bikeways must be within one-half mile of at least three major activity 
centers (as defined in the Grant Application Instructions below), or 
extend/provide gap closure in a system that already services major 
activity centers, and;     

o Each bicycle parking component must be located at a major activity 
center;  

• Be ready for implementation.  A project will only be considered for funding if it 
will commence (e.g., begin installation, award a construction contract, take 
delivery of the product, etc.) in calendar year 2009 or sooner; and be 
completed within two years of the funding agreement execution. 

• Have the funding necessary to complete the project available so that the 
project meets the implementation and completion criteria. Any matching funds 
must be in place or reasonably secured.  

ELIGIBLE PROJECT COSTS 

BFP funds can cover the direct costs associated with carrying out the project, 
including:  

• Salaries, wages, and benefits directly and solely related to implementation of 
the BFP project; 

• Construction and/or installation costs; 

• Contractor labor charges related to the BFP project; and 

• Capital and materials costs, including project features such as signage, 
pavement markings (striping and stenciling), bicycle loop detectors and 
signals, and lighting. 

 
The costs for design, engineering, installation, and preparation of required 
environmental review documents that directly support project implementation are 
eligible for BFP funding, although payment will not be made until a project is 
completed and in service.  
 
Please note that to be eligible for reimbursement, all project costs must be: 
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• Identified in the grant application and outlined in the funding agreement or 
voucher, 

• Incurred after the funding agreement’s effective date or the voucher issue 
date, and   

• Properly documented in the project invoice. 

INELIGIBLE PROJECTS AND COSTS:  

The BFP provides funding to construct new public facilities to encourage a 
transportation mode shift away from vehicle travel; as such, BFP funds may not be 
used to cover: 

• Maintenance costs, repairs, or rehabilitation,  

• Upgrades to existing bicycle facilities, 

• Ongoing operations (e.g., staffing a bike station), 

• Planning activities that are not directly related to BFP project implementation, 
or  

• Indirect and administrative costs (e.g., completing the grant application, 
executing a funding agreement, accounting, reporting, record-keeping).   

 
Projects that do not achieve additional emission reductions will not be considered for 
funding.  This includes projects that duplicate existing Air District-funded projects or 
projects that are required by emission reduction regulations or other legally binding 
obligations.  Such projects must demonstrate that they achieve emissions 
reductions beyond what is required in order to receive BFP funding.   
 
Finally, payment requests will not be processed (see Guideline #10) if the:  

• Funding agreement or voucher for the project has not been fully and properly 
executed,  

• Costs were incurred before the effective date of the funding agreement or 
date the voucher was executed, or 

• Project is no longer eligible for BFP funding (e.g., due to additional information 
becoming available to indicate that the project does not meet the eligibility 
requirements). 
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OVERVIEW OF THE FUNDING PROCESS 

Air District staff will determine the projects to be funded primarily on a first-come, 
first-served basis, with completed grant applications reviewed in the order in which 
they are received. Once submitted, a grant application cannot be altered or revised 
without the consent of the Air District. However, air district staff may contact the 
project sponsor if clarifying information is needed. An application for grant funding 
will only be considered complete once all required information has been submitted.  
 
Air District staff will notify applicants of the status of their grant application within 30 
days of receipt. After an award has been made, staff will plan to generate either a 
funding agreement (for bikeway projects) or a purchasing voucher (for bicycle 
parking and public transit projects) within 60 days of acceptance of a project for 
funding.  

• Funding Agreements (Bikeway Projects): Each grant recipient for bikeway 
projects shall enter into a binding agreement with the Air District outlining the 
terms, conditions, and reporting requirements of the grant.  Only a fully-
executed funding agreement (i.e., signed by both the Air District and the 
project sponsor) constitutes a final approval and obligation on the part of the 
Air District to fund a project.  The project sponsor has two months to sign and 
return the funding agreement to the Air District.  

• Vouchers (Bicycle Parking and Public Transit Projects) Grant awards for 
bicycle parking and public transit projects follow a more streamlined approach 
in which the Air District issues a voucher to the project sponsor which 
constitutes a promise of payment once the project has been completed.  

• If a project combines both bikeways and other components, a funding 
agreement will be issued for the entire project.    

 
All BFP grant recipients must expend the funds awarded within two years of the 
effective date of the funding agreement, or the date the voucher was issued, unless 
a longer period is requested in writing by the project sponsor and approved in 
advance by the Air District (see Guideline #14 for details).  
 
Once a project is fully implemented, the project sponsor submits an invoice and 
documentation of the expenditure of funds and completion of the project. Air District 
staff will review the invoice and supporting materials and issue payment. In general, 
payment will be made in one invoice after the project has been completed and is in 
service.  

Additional Requirements 

• During the life of the project, the project sponsor must submit quarterly 
progress reports. 

• Grant recipients are subject to audits of each project funded to ensure that the 
funds have been spent in accordance with regulatory requirements and the 
BFP guidelines.  



Bicycle Facility Program Application Package FY 2008/09 

 Page 7 

• The Air District reserves the right to conduct studies of BFP funding facilities 
to gather usage, cost-effectiveness, and similar information.  

• Projects funded through the BFP will display an Air District-approved logo 
acknowledging this funding. 

• The Air District must be credited in any publicity/media material about the 
project. 

• The project sponsor must meet the insurance requirements set forth in the 
funding agreement (bikeway projects only). 

• The project sponsor must provide before and after photographs of the 
roadway/corridor on which a bicycle facility is installed (bikeway projects only). 

AIR DISTRICT STAFF CONTACT 

Grant applicants are encouraged to discuss their grant applications with Air District 
staff prior to submittal.  The primary Air District contact person for the BFP is:  
 

Avra Goldman 
Grant Programs Section 
agoldman@baaqmd.gov 
415-749-5093 
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GRANT APPLICATION INSTRUCTIONS  

All grant applicants must complete all parts of the FY 2008/09 BFP grant application 
form. The space provided on the form may be expanded to fully answer each 
question and additional documentation may be included, as needed.   

Project Scope 

The grant applicant has flexibility to determine what project types / components to 
include in one grant application. For example, a single project could include:  

• Two segments of Class I Bicycle Paths connected by a Class II Bicycle Lane, 

• Multiple bicycle parking facilities at different locations, or 

• A combination of bikeways and parking facilities within that jurisdiction. 

Each component of the project must be accounted for in the Budget Table (in Part 3 
of the grant application) and described in the appropriate Project Information 
sections (Parts 5A and/or 5B).  

Requirement for a Facility to Serve Activity Centers  

Part 5 (A and B) of the grant application requires the project sponsor to identify 
activity centers serviced by the project. For the purpose of the BFP, major activity 
centers are locations that attract significant vehicle travel for utilitarian purposes, 
such as work/school commuting, shopping, organized recreation, etc.  Examples of 
such destinations include, but are not limited to, transit stations, office complexes, 
educational institutions, shopping centers (e.g., a mall or other shopping complex) or 
recreation centers (e.g., municipal pool or gym).  
 
• For a bikeway to be eligible for funding, it must serve at least three major 

activity centers.  Part 5A of the grant application requests information on all 
centers within one-half mile of the bikeway.   

o Grant applicants must provide this information for each non-contiguous 
segment of bikeway being installed.   

o If a bikeway segment is an extension to, or closes a gap within, an 
existing bicycle network, the project can be funded if the new segment 
is within three contiguous bikeway miles of the requisite activity 
centers.   

• For bicycle parking project components (Part 5B), information is required on 
the location in which the bicycle racks or lockers will be installed.    
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SUBMITTAL 

The Air District will initially review all grant applications that have been received by 
4:00 PM, on Monday, June 16, 2008.  Grant applications may be mailed or hand-
delivered to the address below.  E-mails and faxes will not be accepted.  If the BFP 
is oversubscribed and a lottery is necessary, only grant applications received by 
4:00 PM, on Monday, June 16, 2008 will be considered received on the first day, 
and thus eligible for the lottery.   
 
 Submit a printed and signed copy of each grant application to: 
 

Damian Breen 
Grant Programs Manager 
Bay Area Air Quality Management District 
939 Ellis Street 
San Francisco, CA 94109 
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BICYCLE FACILITY PROGRAM  
FY 2008/09 GRANT APPLICATION FORM 

 

Complete Parts 1 through 6 of this grant application form.  For parts 5A and 5B, 
provide information on each separate component of your project. A Microsoft Word 
version of this form is available at 
www.baaqmd.gov/pln/grants_and_incentives/bfp/index.htm. 

PART 1.  SUMMARY INFORMATION 

 
Project Title:   
 
Total Project Cost: $    (should equal BFP plus Matching Funds) 
 
BFP Funding Requested: $   Matching Funds Provided, if any $   
 
Tax ID number (needed for reimbursement if project is awarded a grant): 
____________      
 
Agency/Project Sponsor:   Date of Submittal:   
 
Primary Contact Person:   Job Title:   
 
Phone #: (       )        Fax #: (      )  E-mail:   
 
Mailing Address of Primary Contact:   
 
 
 
Secondary Contact Person: ___________________  Job Title:   
 
Phone #:  (      )     Fax #: (   )  E-mail:   
 
 
Individual authorized to enter into a formal agreement with the Air District: 
 
I,               (signature), authorize the submittal of this grant 
application and certify that all information is correct and accurately reflects the 
project scope, costs, timeline, and availability of funds, and that the Project Sponsor 
will complete the project as outlined.  
 
Name:   Title:                Phone: (   
)___________  
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Mailing Address (if different from above):  
 
 
 
 

PART 2.  PROJECT DESCRIPTION  

Provide a concise description of the project (who, what, when, where, etc.).  Be sure 
to name any partners and their role in implementing the project, and describe the 
implementation area for the project (i.e., specific neighborhood or corridor, city, 
county, etc.): 
 
 
 
 
 
 
 
 
 
 
 
 

PART 3. PROJECT BUDGET 

A.  BFP Funding Request 

List each project component proposed and the amount of BFP funds requested.  
Please identify each individual component separately (bikeway segment; rack and 
locker location; and/or type of public transportation vehicle).  

Bikeway  Distance 
Request per 

Mile (Guideline 
# 16) 

Amount 
Requested per 

Item  
Class I (Bicycle Path) 

•   miles $ $  

•   miles $ $ 

Class II (Bicycle Lane) – Standard 

•   miles $ $ 

•   miles $ $ 

Class II (Bicycle Lane) – Cont. Construction 

•   miles $ $ 

•   miles $ $ 

Class III (Bicycle Route) 

•   miles $ $ 

•   miles $ $ 

Total #  miles Total $ 

 



Bicycle Facility Program Application Package FY 2008/09 

 Page 12 

 

Bicycle Parking 
Bicycle 

Capacity 

Request per 
Bicycle 

Capacity 
(Guideline #16) 

Amount 
Requested  

Bicycle Locker(s) – Electronic 

•   bicycles $  $  

•   bicycles $ $ 

Bicycle Locker(s) – Mechanical 

•   bicycles $ $ 

•   bicycles $ $ 

Bicycle Lockers(s) – Retrofit  

•   bicycles $ $ 

•   bicycles $ $ 

Bicycle Rack(s) 

•   bicycles $ $ 

•   bicycles $ $ 

Secure Bicycle Parking 

•   bicycles $ $ 

•   bicycles $ $ 

Total #  bicycle
s 

Total  $ 

 

Bicycle Rack(s) on Public 
Transportation Vehicles 

Number of 
Racks 

Request per 
Rack 

(Guideline 
#16) 

Amount 
Requested 

per Item 

•   racks $ $ 

•   racks $ $ 

Total #  racks Total $ 

B.  BFP Covered Project Expenses 

Include a detailed listing of the major costs that the BFP funding would be used 
cover (i.e., capital purchases, installation costs, personnel expenses). Only costs 
identified in this grant application will be eligible for reimbursement.   
•  
•  
•  
•  
•  
•  
•  
•  
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C.  Matching Funds (should equal amount on cover page) 

Projects eligible for BFP funding must have secured all funding necessary to 
complete the project. Please specify the amount and source of all matching funds 
and attach documentation. If pending, please provide an indication of how secure 
the funds are and how the project will be completed if the funds do not become 
available.  
 

Source of Funds Amount 

Funding 
Status 

(secure, 
pending) 

If pending, 
anticipated award 

date 

    
    
    

Total Matching Funds    

PART 4.  IMPLEMENTATION SCHEDULE 

Provide a detailed implementation schedule for the proposed project.  Include all 
key milestones, including planning and preliminary activities required for project 
completion (e.g., environmental review, land acquisition, easements, encroachment 
permits, etc.). Your implementation schedule must comply with all BFP project 
timing requirements (i.e., be ready to begin implementation 2008 or sooner and be 
completed within two years of the Funding Agreement execution). 
 

Activity or Milestone Completion Date 

• Project Start Date  

•   

•   

•   

•   

• Project Completion Date  

 

PART 5A.  PROJECT INFORMATION: BICYCLE PATHS, LANES, AND ROUTES  

Please answer these questions for each noncontiguous segment of bikeway in this 
project. 

1) Project Specifications 

a) Type of Facility (select multiple classes if appropriate)  

   � Class I          � Class II         � Class III 

b) Total length of the proposed facility:  

c) Describe key design specifications & features:   

 



Bicycle Facility Program Application Package FY 2008/09 

 Page 14 

2) Eligibility 

a) Is the project contained in an adopted countywide bicycle plan, Congestion 
Management Program (CMP), or the Metropolitan Transportation 
Commission’s Regional Bicycle Plan? �  YES    �  NO   Attach 
documentation.   

b) Do all facilities comply with applicable Caltrans design standards (See 
Chapter 1000 in California Highway Design Manual)? �  YES    �  NO   If 
no, explain:  

c) Are there at least three major activity centers within one-half mile of each 
contiguous section of bikeway?  �  YES    �  NO   If no, does this 
project provide a gap closure in a system that already services major activity 
centers? Explain: 

 
 

List those major activity centers and their distance from each bikeway (replicate 
table for each segment if project continues over multiple segments):  

Activity Center Distance to 
Bikeway 

Daily Trip Volume  
(if available) 

   
   
   

PART 5B.  PROJECT INFORMATION: BICYCLE PARKING FACILITIES AND 

BICYCLE RACKS ON PUBLIC TRANSPORTATION VEHICLES  

Include information on all locations and components in this project. 

1) Project specifications 

Describe type of lockers or racks to be purchased (including name of the vendor, if 
known) and expected lifespan of lockers/racks.  Attach summary of specifications. 

 

2) For Bicycle Parking Projects (only)  

a) Describe location(s) where the proposed lockers/racks will be installed and 
how those sites were selected. 

 
 

b) Describe the anticipated demand and why lockers/racks are needed at 
project site(s). 

 
 

c) Describe how lockers will be assigned to cyclists. 
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PART 6.  ATTACHMENTS & DOCUMENTATION CHECKLIST  

Ensure that the following attachments are clearly labeled and included with the grant 
application: 

� Documentation that each project component is contained in an adopted 
countywide bicycle plan, Congestion Management Program, or the Metropolitan 
Transportation Commission’s Regional Bicycle Plan (send copies of the plan). 

� Documentation that all matching funds have been secured and their source. 
Explain budget documents. 

� Projects including bikeway components should attach “before” photographs of 
the corridor to house the funded bikeway. 

� Bicycle parking and public transit projects should include a summary of the 
specifications of the racks to be installed. 

� Maps (optional and not required, but helpful in visualizing the project). 
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Appendix A 

BICYCLE FACILITY PROGRAM GUIDELINES  
FOR FISCAL YEAR 2008/2009 

 
The following guidelines apply only to the Bicycle Facility Program (BFP).  Each guideline 
applies to the project type(s) listed immediately following that guideline.  “Bikeways” refers 
to Class-1 bicycle paths, Class-2 bicycle lanes, and Class-3 bicycle routes; “Racks/Lockers” 
refers to bicycle racks (including those on vehicles and vessels), bicycle lockers, and secure 
bicycle parking. 
 

GENERAL  

1. Purpose: The purpose of the BFP is to reduce emissions from mobile sources by 
contributing Air District funding for the implementation of bicycle facilities in the Bay 
Area, via streamlined processes that are cost-effective in both air-quality and 
administrative terms. (Bikeways; Racks/Lockers) 

BASIC ELIGIBILITY  

2. Reduction of Emissions: A project must result in the cost-effective reduction of 
motor vehicle emissions within the Air District's jurisdiction to be considered eligible 
for BFP funding.  Projects that are subject to emission reduction regulations or other 
legally binding obligations must achieve surplus emission reductions to be 
considered for funding by the BFP.  Surplus emission reductions are those that 
exceed the requirements of applicable regulations or other legally binding obligations 
at the time the Air District approves a grant award.   

Planning activities (e.g., feasibility studies) that are not directly related to the 
implementation of a specific project are not eligible for BFP funding (Bikeways; 
Racks/Lockers) 

3. Eligible Recipients: Only public agencies located within the jurisdiction of the Air 
District are eligible for BFP grants.  Eligible grant recipients must be responsible for 
the implementation of the project and have the authority and capability to complete 
the project.  (Bikeways; Racks/Lockers) 

4. Minimum and Maximum Funding Amounts: Only projects requesting $10,000 or 
more in BFP funds will be considered for funding.  No single project may receive 
more than 35 percent (35%) of the funds available for the BFP in any given funding 
cycle.  (Bikeways; Racks/Lockers) 

5. Readiness: A project will be considered for BFP funding only if the project would 
commence in calendar year 2009 or sooner.  For purposes of this policy, 
“commence” means to begin delivery of the service or product provided by the 
project, or to award a construction contract.  (Bikeways; Racks/Lockers) 

APPLICANT IN GOOD STANDING  

6. Monitoring and Reporting: Project sponsors who have failed to fulfill monitoring 
and reporting requirements for any previously funded Transportation Fund for Clean 
Air (TFCA) Regional Fund, TFCA County Program Manager Fund, or BFP project 
will not be considered for new funding for the current funding cycle, and until such 
time as the unfulfilled obligations are met.  (Bikeways; Racks/Lockers) 
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7. Failed Audit: Project sponsors who have failed either the fiscal audit or the 
performance audit for a prior TFCA-funded or BFP-funded project will be excluded 
from future funding for five (5) years, or for a different period of time determined by 
the Air District Air Pollution Control Officer (APCO).  Existing TFCA and BFP funds 
already awarded to the project sponsor will not be released until all audit 
recommendations and remedies have been satisfactorily implemented.  A failed 
fiscal audit means an uncorrected audit finding that confirms an ineligible 
expenditure of TFCA or BFP funds.  A failed performance audit means that a project 
was not implemented as set forth in the project funding agreement.  (Bikeways; 
Racks/Lockers) 

8. Signed Funding Agreement: All grant recipients shall enter into a funding 
agreement with the Air District as a written, binding agreement to implement the 
approved project.  Only a fully executed funding agreement (i.e., signed by both the 
Air District and the project sponsor) constitutes a final approval and obligation on the 
part of the Air District to fund a project.  Project sponsors must sign a funding 
agreement within two months from the date it has been transmitted to them in order 
to remain eligible for the awarded BFP grant; the Air District may authorize 
extensions for just cause.  Project applications will not be considered from project 
sponsors who were awarded TFCA or BFP grants in a previous year and have not 
signed a funding agreement with the Air District by the current application deadline.  
(Bikeways) 

9. Insurance: Each project sponsor must maintain general liability insurance, and 
additional insurance as appropriate for specific projects, with coverage amounts 
specified in the respective funding agreements. 

 
10. Payments: No payment requests associated with the implementation of a BFP 

project will be processed if: a) the funding agreement or voucher for the project has 
not been fully and properly executed, b) the costs in the payment request were 
incurred before the date that the funding agreement or voucher was executed, or c) 
the project is no longer eligible for BFP funding (e.g., due to additional information 
becoming available after initial Air District approval of the grant award).  (Bikeways; 
Racks/Lockers) 

11. Implementation: Project sponsors that have a signed funding agreement for a 
prior-year TFCA-funded or BFP-funded project, but have not yet implemented that 
project by the current application deadline will not be considered for funding for any 
new BFP project.  The phrase "implemented that project" means that the project has 
moved beyond initial planning stages and the project is being implemented 
consistent with the implementation schedule specified in the project funding 
agreement.  (Bikeways) 

INELIGIBLE PROJECTS 

12. Duplication: Grant applications for projects that duplicate existing Air District-
funded projects and, therefore, do not achieve additional emission reductions will not 
be considered for funding.  (Bikeways; Racks/Lockers) 

USE OF BFP FUNDS 

13. Ineligible Costs: Costs for maintenance, repairs, upgrades, rehabilitation, 
operations (e.g., for a bikestation), and developing grant applications for BFP 
funding are not eligible to be reimbursed with BFP funds.  Administrative costs are 
not eligible for reimbursement with BFP funds.  Administrative costs include costs 
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associated with entering into a funding agreement, accounting for BFP funds, and 
fulfilling reporting and record-keeping requirements specified in a BFP funding 
agreement or voucher.  (Bikeways; Racks/Lockers) 

14. Deadline to Expend Funds: Any project sponsor awarded a BFP grant for the 
implementation of a bikeway project must expend the funds awarded within two (2) 
years of the effective date of the funding agreement , unless a longer period is 
formally (i.e., in writing) requested by the project sponsor and approved in advance 
by the Air District.  (Bikeways)  

Any project sponsor awarded a BFP grant for the implementation of a bicycle 
rack/locker project must expend the funds awarded according to the implementation 
schedule specified in the BFP grant documentation.  (Racks/Lockers)   

PROJECT-SPECIFIC REQUIREMENTS AND GUIDELINES  

15. Eligible Bicycle Facility Projects:  

New bicycle facility projects that are included in an adopted countywide bicycle plan, 
Congestion Management Program (CMP), or the Metropolitan Transportation 
Commission’s Regional Bicycle Plan are eligible to receive BFP funds.  For 
purposes of this policy, a written statement of intent from the responsible Congestion 
Management Agency to include the project in the next update of the CMP may 
substitute for inclusion in the county’s CMP.  Eligible projects are limited to the 
following types of bicycle facilities for public use: a) new Class-1 bicycle paths; b) 
new Class-2 bicycle lanes; c) new Class-3 bicycle routes; d) bicycle racks, including 
bicycle racks on transit buses, trains, shuttle vehicles, and ferry vessels; e) secure 
bicycle parking; and e) bicycle lockers.  All bicycle facility projects must, where 
applicable, be consistent with design standards published in Chapter 1000 of the 
California Highway Design Manual.  Costs for design, engineering, installation, and 
preparation for required environmental review documents that directly support 
implementation of a project are eligible for BFP funding.  (Bikeways; Racks/Lockers) 

Bikeway projects must reduce vehicle trips made for utilitarian purposes, such as 
work/school commuting.  Bikeways must be within one-half mile of at least three 
major activity centers (e.g., transit stations, office complexes, schools), or provide a 
gap closure in a system that already services major activity centers.  Infrastructure 
and gap closure projects (e.g., bridges over roadways) may apply for TFCA funding 
under the Smart Growth project type, as well as for BFP funding under Guideline 
#15.  (Bikeways) 

Each bicycle rack and locker project must serve an activity center (e.g., transit 
station, office building, and school).  (Racks/Lockers) 

16. Grant Amounts: The Air District has determined that the project types and funding 
levels set forth below meet the TFCA cost-effectiveness (i.e., funding effectiveness) 
of $90,000 of BFP funds per ton ($/ton) of total reactive organic gases (ROG), 
oxides of nitrogen (NOx), and weighted particulate matter less than 10 microns in 
diameter (PM10) emissions reduced.  The maximum grant amounts set forth below 
are not necessarily intended to pay the full cost of project implementation.  
(Bikeways; Racks/Lockers) 
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Project Type Grant Amount 
Class-1 Bicycle Path $115,000 per mile of path 
Class-2 Bicycle Lane – Continuous Construction $85,000 per mile of roadway 
Class-2 Bicycle Lane – Standard $30,000 per mile of roadway 
Class-3 Bicycle Route $15,000 per mile of route 
Bicycle Locker(s) – Electronic $2,500 per locker 
Bicycle Locker(s) – retrofit mechanical to electronic  $650 per retrofit kit 
Mechanical  $900 per locker 
Bicycle Rack(s) $60 per bicycle accommodated 
Bicycle Rack(s) on Vehicles $750 per rack 
Secure Bicycle Parking $130 per bicycle accommodated 

 

Class-2 Bicycle Lane grant amounts are for two lanes on a roadway; a single bike 
lane would qualify for only one-half the stated amount.  A Class-2 Bicycle Lane – 
Continuous Construction project must entail physical improvements (e.g., non-
maintenance paving or the widening of a roadway shoulder) continuously over the 
length of the segment.  Class-2 Bicycle Lane – Standard projects include projects 
other than Continuous Construction, such as striping, marking and loop detectors.  
Grant amounts for Continuous Construction and Standard Class-2 Bicycle Lanes 
cannot be combined for the same segment.  Secure bicycle parking includes bicycle 
cages and the capital costs of bicycle parking at bike stations. (Bikeways; 
Racks/Lockers) 
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Park Info

Address 
5551 Giant Highway
Richmond, CA 94806 
Download Brochure 

Phone Number 
Toll Free: 888-EBPARKS (888-
327-2757), option 3,
extension 4551 

Local Weather 

Weather Forecast

 Movie Clips 

Maps 
View Trail Map 
Download PDF Map 
Yahoo Map <

 Panorama 

Park/Gate Hours 
Nov. - March
  7 a.m. - 4 p.m.
April
  7 a.m. - 5 p.m.
May - Sept.
  7 a.m. - 7 p.m.
October
  7 a.m. - 5 p.m. 

Park Events 
Click HERE for upcoming
events 

Parking Fee 
Fees are collected when the
Kiosk is attended on
weekends and major holidays
from April through October.
Car/Trailer: $3
Buses: $25/per bus. 

Dog Fee and Limits
$2 per dog are collected
when the Kiosk is attended
on weekends and major
holidays from April through
October. Guide/service dogs
free. 
Limit: 3 dogs per person, No
commercial dog walking trails
are available.

Grazing Information 
Grazing in the Parks 

Shuttle Ride Service
Schedule
Shuttle van service is
available daily (holidays
included). 
Shuttle schedule:
Shuttle leaves from the
parking lot at 7:30 a.m., 8:30
a.m., 9:30 a.m., 10:30 a.m.,
11:30 a.m., 12:30 p.m., 1:30
p.m., and 2:30 p.m.
Shuttle leaves from the pier
at 9:15 a.m., 10:15 a.m.,

 > East Bay Regional Park District | Embrace Life! > Parks > Point Pinole Regional Shoreline

Point Pinole Regional Shoreline

About The Park

History

Park Features

Park Activities

Park Hiking Video

Park Accessibility

To Reach The Park

Trail Map

Notice
Beginning January 1, 2013, shuttle service will begin operating 7 days per week.
Shuttle van service will be available daily, including weekends and holidays.

About The Park
Please note: Atlas Bridge and Park Entrance Project - Beginning October 2010

The journey is as scenic as the destination at Point Pinole Regional Shoreline, a 2,315-acre parkland right next to densely populated
Pinole, Richmond, and San Pablo. Trails lead through breezy meadows with wildflowers in season, through aromatic eucalyptus
woods, or along bluffs and beaches on San Pablo Bay.

There are beautiful views of Mt. Tamalpais, the Marin shoreline, and San Pablo Bay with its sailboat and shipping traffic.
Watch movie clips.

Submit Your Photos to the EBRPD Photo Pool

History
Point Pinole opened to the public in 1973 after a long process of acquiring the property from Bethlehem Steel. Bethlehem had
acquired the land in the early 1960s from Atlas Powder Co., one of several firms that had manufactured gunpowder and dynamite
there for almost 100 years.

Back to top

Park Features
Point Pinole Regional Shoreline features over 100 species of bird due to a myriad of habitats within its 2,315 acres. Bird life can be
found on sandy shores, marshland, eucalyptus groves, meadows, and in a fresh water pond while meandering along the park's twelve
miles of trails. To see a list of common species in the park, download the Point Pinole bird list.

The eucalyptus woodlands, originally planted as a buffer against potential explosions, now shelter wildlife instead, such as deer,
hawks, owls, Monarch butterfies, and many other species. Shorebirds wade at the beaches, and the salt marshes are home to song
sparrows and harvest mice.

Back to top

Park Activities
Visitors can birdwatch, hike, ride their bicycles or horses, or take the park's shuttle bus for a mile and a half to reach Point Pinole's
1,250-foot fishing pier. There is a small fee to ride on the shuttle bus (see Shuttle Ride Fee under Park Info).

Although a State fishing license is required to fish along the 5.5-mile shoreline, none is needed to fish from the pier. Sturgeon is the
big quarry there; striped bass, bay rays, leopard sharks, perch, kingfish, and flounders are among the other catches of the day.

Learn about San Francisco Bay Trail connections.

Group Camping

Point Pinole Group Campsite - May be reserved by calling 1-888-EBPARKS or 1-888-327-2757, press option 2, or by writing to EBRPD
Reservations, 2950 Peralta Oaks Court, P.O. Box 5381, Oakland, CA 94605-0381. Reservations must be made at least 7 days in advance.

http://www.ebparks.org/parks/maps
http://www.accuweather.com/us/CA/Richmond/94801/city-weather-forecast.asp?partner=netweather&traveler=0
http://www.ebparks.org/parks/pt_pinole#movie
http://www.ebparks.org/parks/pt_pinole#trailmap
http://www.ebparks.org/parks/maps
http://maps.yahoo.com/index.php?q1=5555+Giant+Highway%2C+Richmond%2C+CA+94806%2C+us&env=F
http://www.ebparks.org/parks/pt_pinole/point_pinole_pano
http://activenet.active.com/ebparks
http://www.ebparks.org/stewardship/grazing
http://www.ebparks.org/East_Bay_Regional_Park_District___Embrace_Life_
http://www.ebparks.org/parks
http://www.ebparks.org/parks/pt_pinole#about
http://www.ebparks.org/parks/pt_pinole#history
http://www.ebparks.org/parks/pt_pinole#features
http://www.ebparks.org/parks/pt_pinole#activities
http://www.ebparks.org/parks/pt_pinole#video
http://www.ebparks.org/parks/pt_pinole#access_info
http://www.ebparks.org/parks/pt_pinole#reach
http://www.ebparks.org/parks/pt_pinole#trailmap
http://www.ebparks.org/planning/pointpinole
http://www.ebparks.org/parks/pt_pinole#movie
http://www.flickr.com/photos/35175693@N07/8573731834/in/pool-ebparks/
http://www.flickr.com/photos/35175693@N07/8573732356/in/pool-ebparks/
http://www.flickr.com/photos/35175693@N07/8572638385/in/pool-ebparks/
http://www.flickr.com/photos/35175693@N07/8553645314/in/pool-ebparks/
http://www.flickr.com/photos/35175693@N07/8552541261/in/pool-ebparks/
http://www.flickr.com/groups/ebparks/
http://www.ebparks.org/parks/pt_pinole#top
http://www.ebparks.org/Assets/files/Point_Pinole_Bird_List.pdf
http://www.ebparks.org/parks/pt_pinole#top
http://www.ebparks.org/parks/pt_pinole#shuttle
http://www.pointrichmond.com/baytrail/northernshoreline.htm
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11:15 a.m., 12:15 p.m., 1:15
p.m., 2:15 p.m., and 3:00
p.m.

Shuttle Ride Fee (Round
Trip) 
$1 age 12 and older; 50
cents age 6-11; children
under 6, seniors 62+ or
disabled ride free 

Camping Reservations 
Point Pinole Group Campsite
- May be reserved by calling
1-888-EBPARKS or 1-888-327-
2757, press option 2, or by
writing to EBRPD
Reservations, 2950 Peralta
Oaks Court, P.O. Box 5381,
Oakland, CA 94605-0381.
Reservations must be made
at least 7 days in advance. 

Picnic Reservations 
1-888-EBPARKS or 1-888-327-
2757, press option 2 

Emergency Number 
911 

EBRPD Headquarters 
1-888-EBPARKS or 1-888-327-
2757

Park Update

Grazing Update

Goats will be returning to
Point Pinole beginning
Monday, March 11, as part
of the Regional Parks coastal
prairie enhancement
program, and will be here
for about 60 days. Goats are
an important tool in
controlling European grasses
and reducing the
encroachment of coyote
brush and other invasive
species. Annual grazing
favors deep rooted perennial
native grasses, and reduces
fuel loads and fire danger at
the park.

Maps will be posted in the
park with the general grazing
areas shown. Dog owners
must leash their dogs when
approaching the electrified
fencing which encloses the
herd of 400 goats at each
grazing location.

Seeing the goats happily
chomping away on the grass
is a positive experience for
many urban dwellers,
especially families with
younger children, many of
whom rarely get a chance to
see animals in a natural
setting. We hope you enjoy
this opportunity to see
these hard-working animals
at work in our parks.

Photos of the Pt. Pinole Group Campsite

Back to top

Park Hiking Video

 

Park Accessibility
There are wheelchair accessible restrooms and a paved shuttle trail in the park.

Trail Accessibility Reports

Bayview Trail: Download PDF format | Download Word format

Point Pinole Trail: Download PDF format | Download Word format

Back to top

To Reach The Park
From I-80 in Richmond, exit at the Richmond Parkway. From the Richmond Parkway, turn right onto Giant Highway and proceed to
the park entrance.

Public Transit

Call 511 (TDD/TTY: 1-800-448-9790) or visit www.transit.511.org to confirm transit information.

Back to top

Trail Map
Click the map image below to see an enlarged version.

Back to top

Directions for navigating the enlarged map:

When the enlarged version of the map opens click on the 'Full Expand' icon in the lower right hand corner of the map to see the
'Actual Size' map.
 

http://nolanm5150.jalbum.net/Pt_Pinole_CampSite/
http://www.ebparks.org/parks/pt_pinole#top
http://www.ebparks.org/Assets/files/EBRPD_files/access_reports/Bayview_ptpinole_1.pdf
http://www.ebparks.org/Assets/files/EBRPD_files/access_reports/Bayview_ptpinole.doc
http://www.ebparks.org/Assets/files/EBRPD_files/access_reports/PtPinoleRd_1.pdf
http://www.ebparks.org/Assets/files/EBRPD_files/access_reports/PtPinoleRd.doc
http://www.ebparks.org/parks/pt_pinole#top
http://www.transit.511.org/
http://www.ebparks.org/parks/pt_pinole#top
http://www.ebparks.org/Assets/files/parks/pt_pinole/pt_pinole_2250w_32c.gif
http://www.ebparks.org/parks/pt_pinole#top
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2950 Peralta Oaks Court, Oakland, California 94605

1-888-EBPARKS or  1-888-327-2757 (Deaf or  Hearing Impaired TDD: 510-633-0460)

All content within this site ©2012 East Bay Regional Park Distr ict. All r ights reserved.

Accessibility Bids/RFPs Privacy Policy Terms of Use

Links Meetings Site Map Website Problems?

      

'Full Expand' icon > 

When the 'Actual Size' map is viewable, you can 'Click-Hold and Drag' the mouse button (left on a PC) to reposition the map, as desired.

'Single-Click' on the 'Enlarged' or 'Actual Size' map to return to the park page.

Back to top

Movie Clips

You can also save movies to your computer in QuickTime format. 

Download Movie Clip 1 
(2.7 MB QuickTime Movie): Point Pinole History

Download Movie Clip 2 
(6.5 MB QuickTime Movie): Point Pinole "Saved by Dynamite"

Download Movie Clip 3 
(3 MB QuickTime Movie): Point Pinole Park Features

 

If you don't have QuickTime, you may download QuickTime here.

 

Back to top

http://www.ebparks.org/East_Bay_Regional_Park_District___Embrace_Life_
http://www.ebparks.org/parks/accessibility
http://www.ebparks.org/about/bids
http://www.ebparks.org/privacy
http://www.ebparks.org/terms
http://www.ebparks.org/links
http://www.ebparks.org/meetings
http://www.ebparks.org/Site_Map
mailto:webmaster@ebparks.org
http://www.facebook.com/EastBayParks
http://www.flickr.com/groups/ebparks/
http://twitter.com/ebrpd
http://www.youtube.com/ebrpd94605
http://www.ebparks.org/subscribe/RSS_Feed
http://get.adobe.com/reader/
http://siteimprove.com/Solutions/SiteCheck/customerpages/EastBayRegionalParkDistrict.aspx
http://www.ebparks.org/parks/pt_pinole#top
http://www.ebparks.org/Assets/files/EBRPD_files/movies/pinole1.mov
http://www.ebparks.org/Assets/files/EBRPD_files/movies/pt_pin_history.mov
http://www.ebparks.org/Assets/files/EBRPD_files/movies/Pt+Pinole+Features.mov
http://www.apple.com/quicktime/
http://www.ebparks.org/parks/pt_pinole#top
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A Community  Vision for the North Richmond Shoreline Neighborhoods
The North Richmond Shoreline should be restored and protected to provide jobs, educational 
opportunities, a safe place to recreate, and a source of clean, healthy food.

A BEAUTIFUL PARK, HEALTHY NEIGHBORHOODS, A SCENIC PARKWAY
North Richmond Shoreline Area Neighborhood Housing & Economic Opportunity Zone

THE GOALS

Acquire land from willing sellers and convert it to parks and open space. 
Connect the local communities to the shoreline with trails and overpasses at Wildcat Creek and Parchester Village.
Construct a nature center in Point Pinole Regional Shoreline overlooking the North Richmond Shoreline. 
Restore oysters and eelgrass in the subtidal zone. 
Create community gardens to provide a source of safe, healthy, local food.

PROTECT THE SHORELINE AND THE NEIGHBORHOODS

Development should benefit the residents, rather than displacing them

PLAN FOR THE EXISTING COMMUNITIES TO SURVIVE

Slow enough to hire locals for job training and to infill
in abandoned sites like this single family home in the Iron Triangle

THE PROBLEM

http://www.northrichmondshoreline.org/vision.htm
http://www.northrichmondshoreline.org/index.htm
http://www.northrichmondshoreline.org/festival.htm
http://www.northrichmondshoreline.org/calendar.htm
http://www.northrichmondshoreline.org/action.htm
http://www.northrichmondshoreline.org/news.htm
http://www.northrichmondshoreline.org/access.htm
http://www.northrichmondshoreline.org/ecosystem.htm
http://www.northrichmondshoreline.org/vision.htm
http://www.northrichmondshoreline.org/donate.htm
http://www.northrichmondshoreline.org/volunteer.htm
http://www.northrichmondshoreline.org/maps.htm
http://www.northrichmondshoreline.org/documents.htm
http://www.northrichmondshoreline.org/histcomm.htm
http://www.northrichmondshoreline.org/histarea.htm
http://www.northrichmondshoreline.org/about.htm
http://www.northrichmondshoreline.org/links.htm
http://www.northrichmondshoreline.org/contact.htm
http://www.northrichmondshoreline.org/index.htm
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THE PROBLEM

FAST HOUSING AND OUTSIDE BUSINESSES

North Richmond area communities' problems are exacerbated by large-scale development.
In inclusionary housing only 5-15% of units are "low-income" in areas that are 100% low-income.
$400,000-$700,000+ tract homes aimed at the middle-class are built rapidly, often profiting a single developer
outside of Richmond.
Families are displaced

THE SOLUTION

WORKING TOGETHER TO SUPPORT HEALTHY NEIGHBORHOODS

http://anniesannuals.com/
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Neighborhood-scale development allows for local builders, design, and ownership; Locally owned income
cycles 7x within the community compared to 3x with outside ownership.
Renovation and construction while preserving neighborhood character.
Link and Enhance Existing Programs and Organizations including health, education, business, government,
financing, public safety

A PILOT PLAN

LINK AND ENHANCE EXISTING PROGRAMS AND ORGANIZATIONS

Detailed expertise can be provided by sectors like these:

Redevelopment policy
Enterprise zones
Incentive programs
Permit/ One-stop shop
Construction and business-training programs
First-time home-buyers programs
Family health services
Drug and alcohol counseling
Education
Adjudicated youth and parolee programs
Micro-loans
Land trusts
Community design clinic
Community law clinic
Neighborhood historic preservation
Small business development programs
Green job development programs
Local businesses
Elected officials
Neighborhood centers and organizations
Green Corridor
Community Policing

 
Photos: R. Freeman      Design: J Del Arroz, R. Freeman

Email:  info@northrichmondshoreline.org

http://www.sinceredesign.com/
mailto:info@northrichmondshoreline.org
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This Draft Environmental Impact Report (Draft EIR) has been prepared to 
assess the potential environmental consequences of the proposed Breuner 
Marsh Restoration and Public Access Project (also referred to as “the 
Proposed Project”) at Point Pinole Regional Shoreline Park in Richmond, 
CA.  
 
The Draft EIR identifies mitigation measures and alternatives that would 
avoid or reduce significant impacts.  It is intended to inform decision makers, 
other agencies, and the public, of the Proposed Project.   
 
This Draft EIR has been prepared in accordance with the California 
Environmental Quality Act (CEQA).  The East Bay Regional Park District 
(EBRPD) is the lead agency for the Project.   
 
 
A. Proposed Action 

The Breuner Marsh Restoration and Public Access Project would involve the 
removal of the existing site structures, debris, and hazardous materials, and 
existing vegetation, and re-grading of much of the southern portion of the 
site.  Existing wetland areas would be enhanced by excavating new channels 
to connect them to the Bay and allow tidal flooding.  Material removed from 
wetland areas would be used to build upland areas with gentle slopes and 
broad transitional zone habitat. The transitional zone would become future 
tidal marsh as sea level rises in line with predictions.  Restoration of the 
mouth of Rheem Creek by lowering the level of the north bank to allow tidal 
flooding of the lower reaches would be a highly desirable project component 
and is considered here as an optional component, subject to cost, permitting, 
and feasibility analysis.  
 
Following mass grading, areas would be re-vegetated with appropriate native 
plants, and weeded and irrigated as necessary to ensure that the plants become 
established.  Non-native predators would be trapped to allow native wildlife 
to gain ground and reestablish territory.  These maintenance activities would 
gradually diminish in scope around the fourth year of the Proposed Project. 
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Two trails would be built across the project site to allow public access.  The 
Main Trail, which would serve as a section of the San Francisco Bay Trail, 
would run from the parking lot located in the south of the site, across a new 
bridge over Rheem Creek, to the east of the existing paved trail, turn east and 
inland to near the property boundary, and run parallel to the railroad tracks 
north to connect with existing trails at Point Pinole.  The Main Trail would 
be paved and would cross slough and wetland areas via a variety of bridges 
and boardwalk segments. 
  
The Spit Trail would diverge from the Main Trail to connect to an existing 
spit.  Although the Main Trail would be for bicycle and pedestrian access, the 
Spit Trail would be pedestrian-only. The westernmost part of the Spit Trail 
would remain unimproved. A picnic area and rest area would be built by the 
side of the Main Trail and interpretative signs would be located at intervals 
along both trails.  Gates would separate the Spit Trail from the Main Trail 
and the improved portion from the unimproved portion of the Spit Trail. 
 
 
B. Planning Process 

1. Project Background 
EBRPD acquired 218 acres in January 2011 from Don and Lonnie Carr and 
Bay Area Wetlands (BAW LLC) with the intent of preserving it for open 
space and public access and restoring the property to tidal marsh, seasonal 
wetlands, and associated coastal prairie and scrub.  The Carrs and BAW LLC 
had owned the larger project area (together with the 20-acre enclave now 
known as the Carr property), since 1999 after purchasing it from the Breuner 
family.  During that time, two unsuccessful development projects were 
advanced for the properties.   
 
Of these newly purchased 218 acres (formerly the Breuner Property), 120 
acres, plus approximately 30 acres of Giant Marsh, and a small section of trail 
at Point Pinole that would be regraded to allow disabled access, together form 
the 150-acre project area that is discussed in this EIR.  
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On May 4, 2010, EBRPD made the first public presentation of a restoration 
and public access project at a meeting of the EBRPD Board of Directors in 
Oakland.  On January 20, 2011, a public workshop was held at Parchester 
Village Community Center to discuss project plans with the site neighbors 
and other interested parties.  Additional public meetings followed as part of 
the EIR process (see below). 
 
2. Consultation with Resource Agencies 
As the Proposed Project will affect tidal wetland areas and sensitive wildlife 
habitat, consultation with the California Department of Fish and Game and 
U.S. Fish and Wildlife Service was initiated early in the process to define a 
project to protect and restore biological resources.  As the Proposed Project 
could alter a federal flood control project – Rheem Creek – and also because 
some wetland areas would be filled, consultation was also initiated with the 
U.S. Army Corps of Engineers.  Several major utilities such as petroleum 
pipelines, electricity transmission lines, and a sewer line, cross the site, and a 
railroad runs alongside.  Consultation was therefore also undertaken with the 
owners of these utilities.    
 
 
C. Environmental Review Process 

1. Initial Study 
An Initial Study checklist was completed for the Proposed Project on July 1, 
2011.  The Initial Study included a project description and an analysis of the 
following issues: 

♦ Aesthetics 
♦ Agriculture and Forest Resources 
♦ Air Quality 
♦ Biological Resources 
♦ Cultural Resources 
♦ Geology and Soils 
♦ Greenhouse Gas Emissions 
♦ Hazards and Hazardous Materials 
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♦ Hydrology and Water Quality 
♦ Land Use and Planning 
♦ Mineral Resources 
♦ Noise 
♦ Population and Housing 
♦ Public Services  
♦ Recreation 
♦ Transportation/Traffic 
♦ Utilities and Service Systems 

  
The IS concluded that there could be potentially significant impacts in all 
issues except for:  
♦ Agriculture and Forest Resources 
♦ Mineral Resources 
♦ Population and Housing 
♦ Public Services  

 
No impacts were found for these four issues.   
 
Because there could be potentially significant impacts from the Proposed 
Project, an EIR was prepared to evaluate these issues in more detail.  
 
2. Notice of Preparation  
A Notice of Preparation (NOP) of an EIR was published on July 1, 2011.  
This noted that the IS was available on the EBRPD website and announced 
the date and venue for the public Scoping Meeting.  The NOP described the 
environmental issues to be covered in the EIR and invited comments on the 
proposed EIR scope.  The NOP was sent to the State Clearinghouse, as 
required under CEQA, and to over 800 interested parties.  These included: 
government agencies with a responsibility or interest over the Proposed 
Project, non-governmental agencies (NGOs), adjacent property owners and 
residents, elected officials, and utility owners.  EBRPD also posted links to 
the NOP on its website and encouraged other organizations to also post 
links.   
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3. Public Scoping Meeting  
A public scoping meeting to describe the EIR process and to solicit comments 
on issues that should be covered in the EIR was held at Parchester Village 
Community Center, Richmond, on July 14, 2011.   
 
4. Comments Received 
Comments were received verbally at the Scoping Meeting and have been 
transcribed and are summarized for this EIR.  Written comments received in 
the 30-day comment period following publication of the NOP, are included 
with the Scoping Meeting transcript in Appendix B of this Draft EIR.  
 
5. Draft EIR Availability 
A copy of this Draft EIR has been sent to the State Clearinghouse and to 
those who requested a copy by responding to the NOP.  It is also available 
for downloading from the EBRPD website at www.ebparks.org.  Copies are 
also available at the Main Branch of Richmond Public Library at 325 Civic 
Center Plaza, Richmond; and at the San Pablo Library at 2300 El Portal Dr # 
D, San Pablo; and the Parchester Village Community Center, 900 Williams 
Street, Richmond.   
 
6. Draft EIR Comments 
This Draft EIR was published on March 12, 2012, which marks the start of 
the 45-day comment period as required under CEQA.  Written comments 
should be received no later than 5 p.m. on April 27, 2012 and should be sent 
to: 

Brad Olson 
East Bay Regional Parks District 
2950 Peralta Oaks Court 
PO Box 5381 
Oakland, CA 94605 
Comments can also be sent via email to bolson@ebparks.org.  
 
Verbal comments can be made at the Public Hearing (see below).  

http://www.ebparks.org/
mailto:bolson@ebparks.org
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Comments should focus on the environmental impacts and the adequacy of 
the EIR.  Section 15151 of the State CEQA Guidelines defines the standards 
for EIR adequacy as follows: 
 

An EIR should be prepared with a sufficient degree of analysis to provide 
decision makers with information which enables them to make a decision 
which intelligently takes account of environmental consequences.  An 
evaluation of the environmental effects of a proposed project need not be 
exhaustive, but the sufficiency of an EIR is to be reviewed in the light of what 
is reasonably feasible.  Disagreement among experts does not make an EIR 
inadequate, but the EIR would summarize the main points of disagreement 
among the experts.  The courts have looked not for perfection; but for 
adequacy, completeness, and a good faith effort at full disclosure. 

 
7. Public Hearing 
A Public Hearing on the Draft EIR where additional comments will be 
received will be held at: 
Parchester Village Community Center, 
900 Williams Street, Richmond, 94806 
On Thursday, March 22, at 7 p.m. 
 
8. Final EIR and Responses to Comments 
All comments received within the comment period and pertaining to the 
environmental impacts and adequacy of the Draft EIR, will be responded to 
in writing.  Comments on the project merits, or unsubstantiated comments, 
do not require a response.  Responses, together with comment letters, emails, 
and a hearing transcript summary, will be included in the Final EIR, along 
with any necessary revisions to the contents of the Draft EIR.  
 
9. Final EIR Approval and Project Approval 
The Final EIR will be made publicly available in the same manner as the 
Draft EIR.  The Final EIR will be presented to the EBRPD Board of 
Directors to certify the Final EIR, adopt findings, and approve the project. 
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The EBRPD meeting for EIR certification and project approval will be a 
public hearing where additional comments may be received.   
 
 
D. Report Organization  

This Draft EIR is organized into the following chapters:  

♦ Chapter 1, Introduction.  Chapter 1 provides background and an 
overview of this Draft EIR document. 

♦ Chapter 2, Report Summary.  Chapter 2 is a synopsis of the Project 
description, required permits, environmental impacts of the Proposed 
Project, alternatives, and CEQA conclusions.  

♦ Chapter 3, Project Description.  Chapter 3 describes the Proposed 
Project. 

♦ Chapter 4, Environmental Evaluation.  Chapter 4 evaluates the potential 
environmental impacts of the Proposed Project.  

♦ Chapter 5, Alternatives.  Chapter 5 considers the No Project Alternative 
and Additional Tidal Habitat Alternative, and identifies the 
“Environmentally Superior Alternative.”  

♦ Chapter 6, CEQA-Required Assessment Conclusions.  Chapter 6 
evaluates effects with regard to growth inducement, significant 
irreversible changes, and impacts found not to be significant. 

♦ Chapter 7, Report Preparers.  Identifies the preparers of the Draft EIR. 

♦ Appendices.  Include relevant background materials.  
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This summary presents an overview of the analysis contained in this Draft 
EIR.  The chapter summarizes the following:  1) the Project under review, 
2) areas of controversy, 3) significant impacts and mitigation measures, 4) 
unavoidable significant impacts, and 5) alternatives to the Project.  Additional 
detail on the proposed Project is provided in Chapter 3.  Additional detail on 
the environmental impacts is provided in Chapter 4.  Alternatives are 
described and evaluated in Chapter 5. 
 
 
A. Project Under Review 

1. Location and Setting 
The 150-acre Breuner Marsh project area is the focus of the restoration and 
public access Project.  It is located at Point Pinole, in the northwest part of 
the City of Richmond on the San Francisco Bay shoreline (see Figure 3-1).  
Breuner Marsh is bordered by Rheem Creek to the south and merges with 
Giant Marsh to the north.  Approximately 120 acres of the recently 
purchased Breuner property, 30 acres of Giant Marsh and some additional 
upland areas of Point Pinole Peninsula, are the subject of the Proposed 
Project.  Together they form an enlarged Point Pinole Regional Shoreline 
Park.   This geographic context of the site is shown in more detail in Figure 3-
2. 
 
Union Pacific railroad tracks run along the eastern boundary of the property.  
East of the railroad tracks lies the residential community of Parchester 
Village.  The Carr property, which is a separate parcel of 20 acres under 
private ownership, abuts the project area in the southeast corner.  The 
shallow offshore area and two man-made spits within the boundaries of the 
Breuner property are owned by the State Lands Commission and are 
managed by EBRPD.   
 
A Shell Oil petroleum pipeline, Pacific Gas & Electricity transmission lines, 
and a West County Sanitary District sanitary sewer force main cross parts of 
the project site on easements.  Rheem Creek, a federal flood control channel, 
operated and maintained by the Contra Costa County Flood Control and 
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Water Conservation District, under agreement with the U.S. Army Corps of 
Engineers, runs along the southern site margin.  
 
2. Project Characteristics 
The Proposed Project would involve the removal of the existing site 
structures, debris, and hazardous materials, and existing non-native 
vegetation, and re-grading of much of the southern portion of the site.  
Existing wetland areas would be enhanced by excavating new channels to 
connect them to the Bay and allow tidal flooding.  Material removed from 
wetland areas would be used to build upland areas with gentle slopes and to 
create broad transitional zone habitat. The transitional zone would become a 
future tidal marsh as sea level rises in line with predictions.  Restoration of 
the mouth of Rheem Creek by lowering the level of the north bank to allow 
tidal flooding of the lower reaches would be a highly desirable project 
component.  This remains an optional part of the Proposed Project, subject to 
cost and feasibility; however, it is evaluated in this EIR.  
 
Following mass grading, areas would be re-vegetated with appropriate native 
plants, and weeded and irrigated as necessary to ensure that the plants become 
established.  Non-native invasive Spartina (cordgrass) would be eradicated 
from existing tidal marsh areas before site grading.  Predators, such as feral 
cats and red fox would be trapped to allow wildlife to gain ground and 
reestablish territory.   
 
Two trails would be built across the project site to allow public access.  The 
Main Trail, which would serve as a section of the Bay Trail, would run from 
the parking lot located in the south of the site, across a new bridge over 
Rheem Creek, to the east of the existing paved trail, run inland to the 
property boundary, and run parallel to the railroad tracks north to connect 
with existing trails.  The Main Trail would be paved and would cross slough 
and wetland areas by a variety of bridges and boardwalk segments. 
  
The Spit Trail would diverge from the Main Trail to connect to the existing 
fishing spit.  Although the Main Trail would be for bicycle and pedestrian 
access, the Spit Trail would be pedestrian only.  A picnic area and rest area 
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would be built by the side of the Main Trail and appropriate interpretative 
signs would be located at intervals along the trail.   
 
3. Required Permits and Approvals 
It is estimated that permits and/or approvals would be required from nine 
separate agencies.  These are: 
 
a. Federal Agencies 
U.S. Fish and Wildlife Service – Consultation/Biological Opinion under 
Section 7 of Federal Endangered Species Act 
U.S. Army Corps of Engineers – Permits for filling wetlands under Section 
404 of the Clean Water Act; and Section 408 of the Rivers and Harbors Act 
for construction/restoration of Rheem Creek and bridge construction 
U.S. Coast Guard – Bridge Construction 
 
b. State Agencies 
State Lands Commission – Public Trust Lands and Leases for construction of 
segment of Bay Trail in Giant Marsh 
Department of Fish and Game – Section 1601 Streambed Alteration 
Agreement; and Section 2081 Agreement 
 
c. County and Regional Agencies 
San Francisco Bay Regional Water Quality Control Board (RWQCB) – 
Water Quality Certification under Section 401 of the Clean Water Act for 
wetland restoration 
Bay Area Conservation and Development Commission (BCDC) – Permit for 
work in wetland areas and conformance with climate change policies 
Contra Costa County Flood Control and Water Conservation District - 
Encroachment Permit for Rheem Creek bridge 
 
d. Local Agencies 
City of Richmond – Demolition, Grading, and Building Permits 
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In addition, small easements may be acquired from Shell Pipeline, Pacific Gas 
& Electric Company (PG&E), and Union Pacific Railroad in order to 
construct the Bay Trail along the chosen alignments.  
 
 
B. Areas of Controversy  

Public comments were received at the EIR scoping meeting held at Parchester 
Village Community Center on July 14, 2011.  Issues raised that were 
pertinent to the scope of the EIR (and not to the project merits), and requests 
for information to be included in the EIR were as follows: 
 
1. Hydrology/Flooding 
♦ Flooding impacts on Parchester Village, the Carr property, pipelines, and 

sewer manholes. 
♦ Effects of sea level rise on all resources. 
♦ Inclusion of parcel map and watershed boundary map with all drainage 

shown. 
♦ Quantification of runoff and impacts to existing drainage facilities and 

drainage problems in the downstream area. 
♦ Flooding impacts from modification of Rheem Creek channel. 
 

2. Hazards/Contamination 
♦ Proximity of buried pipelines. 
♦ Contamination on the Carr property and public availability of 

information. 
♦ Lead contamination in the former Rheem Creek drainage. 
♦ Possible migration of contaminated groundwater onto the project site. 
 

3. Land Use 
♦ Access to the Carr property, and utilities during and after construction. 
♦ Inclusion of a wetland delineation for the project site.  
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♦ Possible conflicts with development of the Carr property that is zoned as 
office/flex.1 

♦ Project impacts to the possibility of constructing a second bridge across 
the Creek for the Carr property. 

♦ State Lands Jurisdiction over parts of the project site. 
 

4. Recreation 
♦ Access to Bay Trail after dark to allow commuting. 
♦ Impacts to recreational resources (short-term and long-term). 
 

5. Biological Resources 
♦ Impacts to existing wetlands, wildlife habitat, and special-status species. 
♦ Disturbance to birds during construction; bird populations on the 

transitional habitat. 
♦ Sensitive species occurrence; invasive species; construction noise and 

wildlife impacts. 
♦ Rules on off-leash dogs and potential dog and human intrusion into 

marsh habitat with impacts to wildlife. 
♦ Long-term preservation and restoration of native habitat. 
♦ Possible impacts to wildlife, particularly rafting birds, from water users 

in small boats. 
♦ Areas of existing coastal prairie that will be lost. 
 

6. Cultural Resources 
♦ Shellmound occurrences and impacts. 
 

7. Air Quality 
♦ Dust and fumes from project construction. 
♦ Air Quality impacts from removal of the contaminated soil. 
 

8. Greenhouse Gases 
♦ Greenhouse gas emissions from project construction and operation. 

                                                           
1 The City of Richmond has proposed to redesignate this land as Open Space as part of 
the pending General Plan update. However, this is currently in dispute.  
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C. Significant Impacts and Mitigation Measures 

Significant Impacts and Mitigation Measures are summarized in Table 2-1.  
 
  
D. Unavoidable Significant Impacts 

Section 15126.2(b) of the CEQA Guidelines requires that an EIR identify any 
significant impacts that cannot be avoided, even with the implementation of 
feasible mitigation measures.  No Significant and Unavoidable Impacts were 
found. 
 
E. Alternatives to the Project 

This CEQA review analyzes the following alternatives to the Proposed 
Project: 
 
1. No Project Alternative 
Under the No Project Alternative, the site would remain in its existing 
condition.  There would continue to be no official public access, and signs 
and derelict fences would discourage, but not prevent, casual hikers, 
dogwalkers, birdwatchers, and fishers from using the site.  The existing trail 
would provide a route as far as the debris mound east of the spit and to the 
spit itself.  There would continue to be no through-route for bicycles on the 
Bay Trail from Richmond Parkway south of the site to Point Pinole.  
 
The model airplane structures and runway would remain, although the 
BARCS lease, which will end in June 2012, would not be renewed.  The 
debris mounds, contaminated soil, old fences, and scattered concrete blocks 
would remain.  Through time, with sea level rise, the existing habitats close to 
the Bay would flood.  Low marsh (cordgrass) would migrate to where high 
marsh (pickleweed) is found now.  Tidal marsh habitat would replace today’s 
transitional habitat and transitional habitat would be found in areas that are 
upland today.  The man-made topographic features, such as the mounds that 
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were originally building pads, and some of the drainage ditches, would 
become scattered islands and canals as a result of sea level rise.  
 
2. Additional Tidal Marsh Acreage Alternative 
The public access component of the Additional Tidal Habitat Alternative 
would be the same as the Proposed Project.  A Bay Trail route and a smaller 
pedestrian-only spur to the spit would still be provided in a site cleared of 
debris and contamination.  However, the restoration component of the 
project would differ in that, west of the trail in the south of the site, the site 
would be excavated to a greater depth, with a steeper slope than the Project.  
Both the Project and Additional Tidal Habitat Alternative would require the 
removal of a small amount of contaminated soil, concrete, fill, and the import 
of some aggregate base for the parking area and trails.  With these exceptions, 
there would be a zero balance of sediment, with no net import or export 
from the site for both the Additional Tidal Habitat Alternative and the 
Proposed Project.  
 
Under the Additional Tidal Habitat Alternative there would be larger areas of 
tidally connected wetlands, instead of transitional habitat and uplands with 
seasonal wetlands.  On project completion, there would therefore be a 
reduced area of transitional habitat and seasonal wetlands, but an increased 
area of tidal wetlands compared to the Proposed Project. With sea level rise, 
the area of tidal wetland would increase at the expense of some transition 
zone habitat.  Although on project construction the Additional Tidal Habitat 
Alternative would have more acres of tidal marsh than the Proposed Project, 
the Proposed Project would add acres at a faster rate until eventually the 
Additional Tidal Marsh Habitat Alternative would have fewer acres of tidal 
marsh than the Proposed Project. 
 
3. Environmentally Superior Alternative 
In the long term, over the next century, the Proposed Project would prove to 
be the Environmentally Superior Alternative.  
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This chapter describes the proposed Breuner Marsh Restoration and Public 
Access Project that is analyzed in this Draft EIR. 
 
 
A. Location, Ownership, and Surrounding Land Uses 

The 150-acre Breuner Marsh project area is the focus of the Restoration and 
Public Access Project (Proposed Project).  It is located in the northwest part 
of the City of Richmond on the San Francisco Bay shoreline (see Figure 3-1).  
Breuner Marsh is bordered by Rheem Creek to the south and merges with 
Giant Marsh to the north, and is part of the East Bay Regional Park District 
(EBRPD) Point Pinole Regional Shoreline.  Approximately 120 acres of the 
Breuner Marsh property, 30 acres of Giant Marsh and some additional upland 
areas of Point Pinole Peninsula, are the subject of the Proposed Project.  The 
geographic context of the site is shown in more detail in Figure 3-2. 
 
Union Pacific (UP) railroad tracks run along the eastern boundary of the 
property.  The residential community of Parchester Village lies east of the 
railroad tracks.  The Carr property, which is a separate parcel of 20 acres un-
der private ownership, abuts the project area in the southeast corner.  The 
shallow offshore area and two man-made spits within the boundaries of the 
Breuner property are owned by the State Lands Commission and are man-
aged by EBRPD.   
 
 
B. Site Access 

Access to Breuner Marsh is provided via Goodrick Avenue from the Rich-
mond Parkway.  Goodrick Avenue crosses Rheem Creek on an existing con-
crete bridge.  The closest BART station is Richmond, at the northern termi-
nus of the Richmond line.  Three AC Transit bus routes equipped with bike 
racks (71, 76, and 376) provide service to within 1.5 miles of the project site. 
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C. Site History 

The earliest maps of San Pablo Bay are from the 1850s and show the northern 
part of the project area was historically tidal marshland connected to Giant 
Marsh to the north.1  Early aerial photographs2 and a 1939 U.S. Department 
of Agriculture soil survey show that freshwater seasonal wetlands existed in 
the southwest corner and upland grasslands were found in the southeast cor-
ner.  
 
The project area has a long history of use and disturbance, with automobile 
access to the site via Goodrick Avenue beginning around 1915.  Prior to the 
late 1970s, when the Breuner family purchased 238 acres of the property; it 
was used primarily for cattle grazing.  The Breuner family, owners of the 
Breuner Furniture store chain, purchased the property as two separate parcels 
in 1975 and 1979 and began the transformation of the land from agricultural 
to light industrial uses, including boat and automobile storage and repair, and 
warehousing.  Several buildings, including residential buildings, can be seen 
on aerial photographs of the site from the 1970s to early 2000.  
 
From the 1950s to 1980s, much of the northern tidal marsh was filled, 
bermed, blocked from tidal flooding, and partially drained.  In the 1950s, a 
new channel for Rheem Creek which previously existed as a small tidal 
slough, was constructed by Southern Pacific Railroad, in part to drain areas to 
the east that were partially blocked by their elevated railroad embankment.  
The remains of this channel, which crosses the site from ESE to WNW, is 
still visible as a scar in the aerial photo, Figure 3-2, and is outlined on Figure 
3-3.  Fill was also placed along a narrow linear strip parallel to the Bay shore, 
possibly for construction of a runway, as the Breuner family intended to use 
the property as a small commercial airport.  A review of historic aerial pho 

                                                           
1 Nichols and Wright, U.S. Geological Survey (USGS), 1971.  Historic Mar-

gins of Marshlands of the San Francisco Bay, California. 
2 Environmental Data Resources, Inc..  Aerial Photo Decade Package for 

3800 Goodrick Ave., Richmond, CA 94801.  Includes photos from 1939, 1946, 1958, 
1965, 1982, 1993, and 1998.  October 30, 2006.   
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tographs shows that from 1939 to the late 1990s, around two-thirds of the site 
was significantly disturbed by off-road vehicles, scraping and grading, and fill 
placement.  
 
In the early 1960s, Rheem Creek was relocated again, this time to its current 
location south of the site, and channelized as a part of a US Army Corps of 
Engineers (Corps) Flood Control Project.  Contra Costa County Flood Con-
trol and Water Conservation District now operates this flood control facility 
under an agreement with the Corps. 
 
In 1999, Don and Lonnie Carr and Bay Area Wetlands LLC (BAW LLC) 
purchased the 238-acre property from the Breuner family.  In 2000 all of the 
buildings, wrecked automobiles, and much of the rubble were removed from 
the property.  The Carrs proposed a mixed commercial/office building and 
light industrial development (Technology Park) in 2002 that would have cov-
ered the eastern portions of the property.  BAW LLC proposed a formal wet-
lands mitigation bank for the western portion of the property; however, the 
application and review and approval process was terminated by the City of 
Richmond in 2005 due to public controversy.  In 2006, there was a proposal 
for a transit village on the property, but the application is no longer active.3    
 
EBRPD acquired 218 acres in 2011 from BAW LLC with the intent of pre-
serving it for open space and public access and restoring the property to tidal 
marsh, seasonal wetlands, and associated coastal prairie and scrub.  All of the 
remaining buildings were removed by the Carrs, except the existing Model 
Airplane Facility, which is operated by the Bay Area Radio Control Society 
(BARCS) under an annual lease from EBRPD, and located near the center of 
the property.  The southeast corner of the property (zoned Office/Industrial 
Flex), approximately 20 acres in size, was retained by the Carrs.   
 
 

                                                           
3 Email from Bryan Grunwald representing Don Carr and Bay Area Wet-

lands, to Brad Olson, EBRPD, July 13, 2011. 
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D. Existing Conditions 

The site is generally flat and bordered by Rheem Creek to the south, the rail-
road tracks on a low embankment to the east, and by the Point Pinole Penin-
sula, which rises to higher land to the north.  There are a few trees and some 
mounds of fill and debris on the site as well.  The model airplane facility has 
various structures including a runway, parking area, and storage and shade 
structures.  Several pipelines and utilities cross the edges of the project site.  
 
1. Existing Site Features 
Photographs of the project site are presented in Figures 3-4 to 3-7 in this chap-
ter, 4.1-4.9 in Section 4.1 Aesthetics, and 4.4-1 to 4.4-2 in Section 4.4 Cultural 
Resources.   
 
a. Goodrick Avenue 
Goodrick Avenue is used for access to the Rod and Gun Club and to the ac-
cess easement on the south side of Rheem Creek.  There is a locked, metal  
swing gate at the property line next to the Rod and Gun Club entrance where 
there is also space to park two to three cars at the side of the road (Figure 3-
4a).  The property line and access gate are approximately 540 feet south of the 
Rheem Creek bridge.   
 
b. Rheem Creek Bridge 
There is an existing concrete box culvert bridge over Rheem Creek, sur-
rounded by chain link fencing (Figure 3-4b). The double box culvert structure 
has two approximately 5 feet by 7 feet openings, a total of 10 feet in width 
and 20 feet in length.  Underneath, Rheem Creek has concrete embankments 
with curved walls.  The structure dates from the 1960s.4  It provides vehicle 
access to the site.   
 

                                                           
4 GANDA, 2011.  Cultural Resources Inventory and Evaluation for the 

Breuner Marsh Restoration and Public Access Project.  
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c. Rheem Creek Channel 
Rheem Creek runs in a straight channel, lined with boulders and bordered by 
grassy-covered banks a few feet high that extend to within 10 to 15 feet of the 
Creek mouth (Figure 3-4c and d).  Although there are some flap gates in the 
Creek at the Carr property that might have served as outfall to the Creek, 
they are not connected to any storm drain system, nor do they appear to have 
been used for drainage.  
 
d. Model Airplane Facility 
The model airplane facility occupies an asphalted area with shade structures, a 
small office, a storage container, benches, and fences, and the runway near the 
south of the site (Figure 3-5a).     
 
e. Concrete Pipeline Footings 
Concrete pipeline footings run northeast-southwest (offshore) within San 
Pablo Bay from the former marina at the Rod and Gun Club. 5  The footings 
are two to three feet above the water line at low tide.  The exposed concrete 
and wood posts make a prominent feature across the areas of shallow water 
(Figure 3-5d) and provide bird perches.  
 
Four large concrete footings are found in the saltwater marsh at the south-
western corner of the project site.  These are approximately 8 feet tall by 5 
feet wide and 10 feet long, and consist of rebar, steel beams, with pieces of 
wood board extending from the top.  The pipeline footings were probably 
installed during the early 20th century.  These are described in greater detail in 
Section 4.4, Cultural Resources.  
 
f. Existing Trails 
A decaying, paved trail extends from Goodrick Avenue to the model airplane 
facility and onwards to the spit and provides vehicle access (Figure 4.1-1).  
Trails from Point Pinole terminate at the southern edge of Point Pinole Pen-
insula with signs discouraging entry.   
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g. Constructed Wetlands 
In the northern portion of the project site, just south of the area known as 
Giant Marsh, there is a 2-acre depression surrounded by berms.  This wetland 
area was constructed in 2003 as a wetland mitigation site for impacts to wet-
lands incurred from developing a Target store.6  Historically this area was 
tidal marsh that had been filled.   
 
h. Railroad Channel 
A channel enters the project site in the southeastern portion of the property 
from a culvert under the UP railroad berm opposite Morton Avenue in the 
Parchester Village neighborhood and runs along the base of the UP railroad 
berm near the eastern site boundary.  The current alignment is man-made and 
leads to a constructed channel that passes through Giant Marsh to San Pablo 
Bay.  Multiple smaller artificial channels are tributary to this channel where 
the feature turns away from the railroad and drains toward the Bay. Howev-
er, historically, this was a natural drainage that crossed the project site to the 
northwest and drained into the historic tidal marshes.7,8   
 
i. Areas of Fill 
The depth of fill varies greatly over the site, from 1 to 2 feet to 12 feet or 
more, and is concentrated in the central-west part of the site.  The total 
amount of fill on the site is estimated at 222,000 cubic yards.  There are sever-
al larger mounds, some of which have elevated levels of soil contaminants 

                                                           
5 GANDA, 2011.  Cultural Resources Inventory and Evaluation for the 

Breuner Marsh Restoration and Public Access Project.  
6 Declaration of Covenants and Restrictions, Grant of Options, and Memo-

randum of Contract for Transfer of Mitigation Rights, and Performance of Mitigation 
Services and Irrevocable Escrow Instructions.  March 7, 2006.   

7 Environmental Data Resources, Inc.  Aerial Photo Decade Package for 
3800 Goodrick Ave., Richmond, CA 94801.  Includes photos from 1939, 1946, 1958, 
1965, 1982, 1993, and 1998.  October 30, 2006. 

8 U.S. Geological Survey, 1947.  Richmond quadrangle.  7.5-minute topo-
graphic map. 
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including petroleum hydrocarbons, arsenic, lead, and other heavy metals.  
One of these fill areas is shown on Figure 3-5b.  They include: 

♦ Mound with square outline immediately west of the model airplane run-
way that was probably intended as a building pad.  

♦ Mound with semi-circular outline, east of the spit. 

♦ Three elevated strips in the southern part of the site.  Fill from the previ-
ous Rheem Creek channel composes the most northerly of these strips. 

 
j. Shoreline Rubble and Debris 
Concrete rubble makes up the fill in the western part of the site and is prom-
inent along the shoreline (Figure 3-5c).  There are also old tires, fence posts, 
and pieces of metal in the water.  (As it is difficult to access these places with-
out crossing and damaging wetland areas, most of the debris would remain.) 
 
k. Spit 
The rubble extends offshore in a duck-neck-shaped spit that allows access to 
the open water for fishing, wildlife viewing, and hiking.  (The water is still 
only a few feet deep in these locations.)   
 
l. Other General Debris 
Miscellaneous debris including pieces of metal and old fence is found 
throughout the site.   
 
m. Monitoring Wells 
There are several monitoring wells on the site installed to measure potential 
migration of plumes of contaminated groundwater from the Whitco proper-
ties on the eastern side of the UP railroad corridor.  EBRPD will contact the 
company that installed the wells and ask them to abandon them by removing 
the casing and plugging them with concrete.   
 
n. Invasive Weeds 
As shown on Figure 4.1-3, of the Aesthetics chapter, thickets and clumps of 
Spartina (cordgrass) can be found along most of the shoreline, but is thickest 
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in the south of the site and around the spit (Figure 4.1-5).  The Spartina is a 
non-native species that has replaced native Spartina and is therefore described 
as invasive.  There are several uplands weeds, notably Lepidium latifolium, 
that would also be removed.  
 
2. Pipelines, Utility Corridors and Easements 
Several existing utilities run along the eastern side of the project site, either 
just inside the property line, or within easements in the UP railroad corridor.  
These are shown on Figure 3-8. 
 
a. Union Pacific Railroad and Right-of-Way 
The UP Railroad runs on a 10- to 15-foot-high embankment along the east 
side of the site (Figure 3-6a).  The embankment has some low bushes and 
some marsh areas at the base and culverts, or pipes that run through it and 
allow drainage from Parchester Village.  The railroad occupies a right-of-way 
that is approximately 100 feet wide.  The Proposed Project would be built 
either just within, or just outside, this right-of-way, over Giant Marsh.  The 
railroad crosses Rheem Creek on a trestle bridge supported by wooden piers 
and with wooden railing, a few feet from the southeast corner of the site 
(Figure 3-7a).  Water flows relatively freely in the Creek under the bridge 
although trash collects in the Creek at the bridge.9  A fiber optic cable and 
two Kinder Morgan high pressure gas pipelines (see below) run within the UP 
railroad right-of-way, generally buried within the railroad embankment fill.  
 
b. Flood Control Easement and Rheem Creek Access Road 
A gravel road runs parallel to Rheem Creek bank on the south side, just with-
in the southern boundary of the project site.  The road provides access to the 
Creek, sewer line, UP railroad bridge over the Creek, and to various pipelines 
and electricity transmission lines that traverse the area.  The access road and 
Creek are within an easement on either side of the Creek, owned by Contra 
Costa County Flood Control and Water Conservation District 
(CCCFCWCD).  
                                                           

9 Other than the bridge itself, there are no obvious constrictions to water 
flow in the Creek at this point such as flood control gates or flap gates.   
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c. Carr Property Access Easement 
A 60-foot-wide floating access easement is provided across the project site to 
the Carr property.  While the Carr property remains undeveloped, access to 
the easement is allowed by EBRPD on the existing bridge, or through a 
shared use agreement, on the new bridge.  If the Carr Property is developed, a 
new bridge would have to be built by the project applicant.  Neither devel-
opment of a road across the Carr Property easement nor a second bridge is 
part of the Proposed Project.   
 
d. PG&E Electricity Transmission Lines and Easement 
High-voltage (250-kW) Pacific Gas and Electric (PG&E) electricity lines run 
overhead on metal pylons from Goodrick Avenue parallel to and south of 
Rheem Creek and south of the property line and turn northwards through 
the Carr property (Figure 3-6b).  PG&E owns some of the land south of the 
project site where these transmission lines are located. 
 
The high voltage lines terminate next to the Carr property with a metal 
transmission tower and two wooden poles at a step-down station.10  A lower 
voltage line (60 kV) on wooden poles connects from this location to run both 
north, parallel to the UP railroad lines, and across the UP railroad tracks.11  
North of the Carr property, through Giant Marsh, this lower voltage line is 
generally within the project site, but on a PG&E easement until it reaches the 
Point Pinole Peninsula.   
 
This transmission line, and the petroleum pipelines (see below), place con-
straints on possible placement of fill in the project site.  In addition, one of 
the transmission towers is located at the gentle bend in Rheem Creek, 400 feet 
south of the existing bridge, near where the new bridge would be sited.   

                                                           
10 An informal road runs from Goodrick Avenue at the end of the model 

airplane runway across the project site to this location.  It is presumably used by 
PG&E to access its transmission towers. However, PG&E has no recorded access 
easement. 

11 PG&E has indicated to EBRPD that it plans on replacing some of these 
wooden poles in the near future.   
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e. Shell Petroleum Pipeline 
A high pressure petroleum pipeline, owned by Shell Oil and/or it subsidiar-
ies, runs along the eastern side of the site, approximately 100 feet inside the 
property line until the point where it bends north-northeast and crosses un-
der the UP railroad tracks.  The property line deflects westwards at the loca-
tion of the bend in the pipe and Shell Oil (now) owns this area.  In the south, 
the pipeline runs through the Carr Property and probably through the “leg” 
of the project site before continuing southwards.   
 
f. Chevron High-Pressure Gas Pipelines  
Two Chevron high pressure gas pipelines run parallel to Goodrick Avenue 
on the east side and turn east at a right angle to run south of the Rheem 
Creek access road, south of the project site boundary.  The pipelines are 
marked by rectangular signs divided into red and white triangles and by some 
yellow-capped posts through the tall vegetation (Figure 3-7a).  They then turn 
north to run just within the Breuner site (across the narrow southeastern 
“leg” of the project site), cross the Carr property, then bend at a right angle to 
run east under the UP railroad.  
 
g. Kinder Morgan Gas Pipelines 
Two high pressure gas pipelines owned by Kinder Morgan run along the rail-
road tracks inside the railroad right-of-way and railroad embankment.  A 
12-inch pipeline runs west of the tracks, crosses under the railroad at Morton 
Avenue and continues north along the eastern side of the tracks.  Another 
8-inch line runs east of the tracks and turns 90 degrees to run parallel to the 
north side of Morton Avenue.   
 
h. Sewer Pipeline and Easement 
A 34-inch sanitary sewer line owned by the West County Wastewater District 
(WCWD) crosses under Rheem Creek and runs north-south across the “leg” 
of the project site within a 10-foot-wide easement.  It then bends at 90 degrees 
and runs east through the Carr property and under the railroad.  It is proba-
bly buried at a depth of 10 to 15 feet.  There are several vertical tubes on the 
Carr Property that connect to manholes and allow sewer access (Figure 3-7b).    
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i.  Water line 
A 1-inch water line runs from its point of connection at the East Bay Munici-
pal Water District (EBMUD) along Richmond Parkway along Goodrick Av-
enue, where it terminates at the Rod & Gun Club.  There is no known do-
mestic water service to the project site, and if built as part of the Proposed 
Project, a new water line would have to be installed under Goodrick Avenue, 
beginning near the Richmond Parkway.  
 
j. Unknown Utility Lines 
There could be unknown, abandoned utility lines that connected to the aban-
doned buildings, now removed from the project site.  These buildings includ-
ed a residence and some shop buildings in the center of the property near to 
the rubble mound.  It is possible that old utility lines could be uncovered dur-
ing site grading.   
 
3. Existing Site Use 
The site is not currently open to the public, although there is unrestricted 
pedestrian access past the locked gate over Rheem Creek bridge, and on the 
paved track into the site.  Some people cross the fenced railroad tracks from 
Parchester Village.  A few local people walk dogs, fish, or ride bicycles or 
horses across the site.  The model airplane field operated by BARCS receives 
some visitors who unlock the gate and drive their cars to the BARCS facility.  
There are some encampments by homeless people in the southeast corner of 
the Carr Property site under the clumps of willow trees and debris boxes.  
 
 
E. Project Need and Purpose 

The Proposed Project has been conceived with three goals in mind:  

1. To restore a part of the San Pablo Bay shoreline to a healthy, biologically 
diverse community where native plant and wildlife species will flourish 
and can be protected for the foreseeable future; 

2. To encourage public access into this attractive, and valuable stretch of the 
Bay shore; and 
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3. To facilitate pedestrian and bicycle passage around the Bay by filling a 
gap in the San Francisco Bay Trail.   

 
The area is currently degraded by patches of construction debris, concrete 
blocks, old fences, and areas of artificial fill, some of it contaminated;  its sur-
face has been artificially modified by imported fill; and there are widespread 
invasive weeds providing poor-quality wildlife habitat.   
 
Although degraded, the land is scenically attractive, and provides a large ex-
panse of Bay margin open space close to urban Richmond.  It is immediately 
south of the Point Pinole Peninsula.  Public trail access through the site 
would close one of the major gaps in the San Francisco Bay Trail and allow 
transit on foot and bicycle from north Richmond and adjoining communities, 
to urban areas to the south.   
 
The Proposed Project would remove much of the debris and other develop-
ment remnants.  Weeds would be cleared and the site re-shaped to resemble a 
more natural topography.  Some areas would be lowered and channels dug to 
connect them to the Bay and to tidal action.  Soil from the excavations would 
be used to create upland areas with gradual sloping sides that would be transi-
tional habitats today, but would become new tidal marsh habitat with pre-
dicted sea level rise.   
 
Amenities such as a parking lot, restrooms, picnic areas and signs would in-
vite public access into this environment and extend the trail connections 
around the Bay margins.   
 
1. Objectives 
General Objectives 
1. Balance habitat enhancement and public access in the context of a multi-

purpose, net-beneficial project. 
2. Result in a mosaic of sustainable habitats that do not require future hu-

man intervention but which will evolve naturally with changing climate 
and sea level rise. 
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3. Create 30 acres of tidal marsh and seasonal wetland habitat that can serve 
as mitigation for the Castro Cove Trustees12 and provide critical project 
funding. 

4. Locate trails where they do not fragment or disrupt existing and planned 
habitats. 

 
Public Access Objectives 
5. Provide new recreational opportunities and complete a gap in the San 

Francisco Bay Trail. 
6. Allow continued fishing access as long as shoreline conditions allow safe 

use. 
7. Educate visitors about natural and cultural resources, with special focus 

on endangered species, global climate change, and the cultural history of 
the area. 

 
Restoration Objectives 
8. Increase the area of wetland habitats on the project site in the near term. 
9. Improve the quality of wetland habitats, especially special-status species 

habitats. 
10. Offset the trend of high marsh conversion to low marsh with rising sea 

level by providing or preserving transitional habitat that will later con-
vert to high marsh. 

 

                                                           
12  Castro Cove is part of the San Pablo Bay in Richmond, California.  Inves-

tigation in the late 1990s uncovered chronic, long-term release of wastewater discharge 
into the Cove, primarily from the nearby Chevron refinery. A March 18, 2010 Con-
sent Decree ordered Chevron refinery to pay a $2,850,000 settlement to a fund man-
aged by the Castro Cove Trustees.  According to the Consent Decree, funds may be 
awarded to natural resource restoration projects which will result in restoration, reha-
bilitation or replacement of San Pablo Bay habitats similar to the damaged Castro 
Cove habitat. To receive funding, projects must comply with all applicable laws, the 
2010 Consent Decree, a Trustee-prepared Restoration Plan, and any relevant memo-
randa of understanding. 
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F. Proposed Project 

The Proposed Project would involve the removal of existing site structures, 
debris, and a small amount of hazardous materials, clearing existing, mostly 
non-native, vegetation, and re-grading of much of the southern portion of the 
site.  Existing wetland areas would be enhanced by excavating new channels 
to connect them to the Bay and allow tidal flooding.  Seasonal wetlands that 
trap rainfall and local runoff would also be created and enhanced.  A schemat-
ic site plan with habitat shown based on elevation, and with new public access 
features, is shown in Figure 3-9.13  Excavated soil removed from wetland areas 
would be used to build upland areas with gentle slopes and broad transitional 
zone habitat. The transitional zone would become future tidal marsh as sea 
level rises in line with predictions.   
 
The mouth of Rheem Creek would be restored by removing the north bank 
levee and lowering an area adjacent to the channel to allow overbank flood 
flows and tidal flooding.  However, this remains an optional part of the Pro-
posed Project, depending on cost, permitting, and feasibility.  
 
Following mass grading, areas would be re-vegetated with appropriate native 
plants, and weeded and irrigated as necessary to ensure that the plants become 
established.  The Proposed Project would establish native grasses and scrub 
within approximately 70 plus acres of uplands that will be disturbed by grad-
ing.  EBRPD would perform weed abatement and reseed this native 
grass/scrub area for 5 years to promote the successful establishment of native 
vegetation within this area.   
 

                                                           
13 The pictorial representation in Figure 3-9 is obtained by adding colors to 

intervals of the final site topography.  It differs slightly from the schematic shown in 
the Notice of Preparation, in that it is based on a slightly modified grading plan and 
lacks the additional features (such as the riparian/screening plants and stormwater 
treatment wetland) that were added for illustrative purposes.  
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Non-native predators would be trapped to allow native wildlife to gain 
ground and reestablish territory.  These maintenance activities would gradual-
ly diminish in scope from approximately the fourth year of the Project.   
 
Two trails would be built across the project site to allow public access.  The 
Main Trail, which would serve as a new section of the San Francisco Bay 
Trail, would run from the parking lot located in the south of the site, across a 
new bridge over Rheem Creek to the east of the existing paved trail, running 
inland to the property boundary and parallel to the railroad tracks north to 
connect with trails on the Point Pinole Peninsula.  The Main Trail would be 
paved and would cross slough and wetland areas by a variety of bridges and 
boardwalk segments.  It would be designed for bicycle and pedestrian use.  
 
The pedestrian-only Spit Trail would diverge from the Main Trail to connect 
to the existing spit.  There would be an improved, paved section of the Spit 
Trail from the Main Trail, as far as the waterfront, and then an unimproved 
section extending out to the Bay, accessible through a gate. A picnic area and 
rest area would be built at the junction of the Main Trail and Spit Trail and 
interpretative signs would be located at intervals along both trails.   
 
The Proposed Project components are described in more detail below. 
 
1. Demolition and Disposal 
Several existing structures and facilities on the site would be demolished and 
the debris buried on-site or transported off-site for disposal.  The structures to 
be demolished include: 

♦ Goodrick Avenue Bridge at Rheem Creek – concrete box culvert bridge 
structure, wing walls, and abutments. 

♦ Goodrick Avenue Extension through southwestern edge of property – 
road surface including asphalt and some existing aggregate base rock. 

♦ Miscellaneous rubble, debris, and fencing – several long, narrow strips of 
concrete and asphalt rubble and debris, and some fencing along the pe-
rimeter. 
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♦   Model airplane area – shade structure, cargo storage containers, asphalt 
parking areas, and runway. 

 
Most of the concrete from the demolition would be reused onsite as rubble 
for the base of fill areas.  Asphalt-containing concrete, from the model air-
plane runway and from Goodrick Avenue, could be crushed onsite and be 
used as trail and parking lot base material if cost-effective.  Demolition mate-
rial that contains rebar, metal, asphalt, and concrete that cannot be recycled, 
would be removed to a landfill.  The destination of the demolition material is 
not known at this time, but it would most likely go to the West County 
Landfill, located less than 2 miles from the Breuner property off Richmond 
Parkway.  
 
2. Model Airplane Facility 
The model airplane facility is operated through an annual lease from EBRPD.  
Model airplane use is considered incompatible with the proposed restoration 
and public access improvements.  The BARCS lease will terminate in 2012 
and, as part of the Proposed Project, the facility would be demolished and not 
be replaced.  
 
3. Hazardous Materials 
The site has been thoroughly investigated for the presence of hazardous mate-
rials and only a small amount of hazardous materials, associated with historic 
uses of the property, has been found.  This consists of approximately 1,000 
cubic yards of arsenic-contaminated soils that would be excavated, stockpiled, 
tested, removed from this area, and transported to a Class II Special Category 
waste disposal facility such as Altamont Pass Landfill near Livermore, in ac-
cordance with applicable regulatory standards.14   
 
4. Ecological Restoration 
Areas of existing habitat, habitat for restoration and enhancement, and habi-
tat that will be created are summarized in Table 3-1.  The habitats described 

                                                           
14 As is common practice, it is likely the area would be over-excavated to en-

sure that all contaminated material is removed.   
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TABLE 3-1 HABITAT ACREAGES BY ELEVATION FOR PROJECT AND EX-

ISTING CONDITIONS 

Habitat 

Existing  
Conditions 

(2011)a 
Project  
(2014)a 

Low Marsh, Cordgrass-Dominated 6.9 7.9 

High Marsh, Pickleweed-Dominated 28.6 53.5 

Transition Zone 27.4 22.3 

Upland 94.8 73.7 

Adjacent San Pablo Bay/Mudflat 47.8 48.1 

Totalb 205.5 205.5 

Tidal Wetlandsc 35.5 61.4 

Seasonal Wetlandsc N/A 7.0 

Notes:  Giant Marsh acreage is not included.  The table does not indicate the quality of the exist-
ing habitat.   
a  Existing Conditions habitat acreages and Proposed Project acreages are based on a generalized 
habitat-by-elevation analysis.  Detailed habitat mapping of the site is presented in Section 4.3 
Biological Resources. Source:  WRA, 2011. 
b The analysis area included the project boundary and adjacent mudflats and open water within 
San Pablo Bay. 
c Acreages of tidal and seasonal wetlands are part of the total of 205.6 acres. Source:  WRA, 2011. 

in this table and elsewhere in this EIR are plant communities in zones that 
depend primarily upon the amount of tidal influence and their elevation with 
respect to sea level.  The following terms are used: 

♦ Tidal sloughs are fully connected tidal channels that contain water except 
at the very lowest tides.  Their salinity fluctuates depending on the 
amount of rainwater flowing from the land.  These tidal channels typical-
ly have mud bottoms and may be vegetated with cordgrass and pickle-
weed at the upper edges of the channel banks. 
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Tidal Marsh, or Tidal Wetlands, are the terms used for the entire zone be-
tween the lowest and highest tidal levels.  In the area of the project site 
there is a height difference of 7.4 feet between the High Tide Line and the 
Mean Lower Low Water level.  This zone is subdivided into low marsh 
and high marsh. 

♦ Low Marsh is typically inundated twice per day with each high tide and 
often remains inundated during some portion of the daily low tides.  The 
low marsh is dominated by cordgrass, (Spartina spp.).  Low marsh pro-
vides critical habitat for clapper rails and other species of marsh birds.   

♦ High Marsh is typically not inundated at low tide but is inundated during 
the higher of the daily high tides.  The high marsh is dominated by pick-
leweed (Sarcocornia spp., formerly known as Salicornia) and other species 
such as salt grass and alkali heath.  High marsh provides critical habitat 
for the salt marsh harvest mouse.   

♦ Transition Zone refers to the area between high marsh and upland areas. 
Although above the zone of daily tidal inundation, portions of these are-
as are occasionally flooded by higher tides.  This area is dominated by-
gumweed, salt grass, and coyote brush.  It is important to the Proposed 
Project because it provides upland refugia for wildlife species such as the 
salt marsh harvest mouse and clapper rail.  As sea level rises through 
time, it will become high marsh. 

♦ Uplands are regarded as land above approximately 8 feet that are not 
submerged by the tide and dominated by grasses and other non-wetland 
species.  

♦ Seasonal Wetlands are found in areas where standing water or saturated 
soils persist during the rainy season.  Typically these areas will dry out 
during the summer.  Seasonal wetlands are dominated by plant species 
that are adapted to tolerate extended periods of standing water and/or 
saturated soils.  These species also have the ability to become dormant 
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 during the summer when there is no fresh water in the wetlands.  These 
areas receive their water from the rain, either directly or indirectly from 
runoff from higher areas or from groundwater when the soil is saturated 
and water ponds on the surface.15  

♦ Wetlands are both tidal wetlands and seasonal wetlands.  The U.S. Army 
Corps of Engineers has a precise definition for wetlands that can be con-
sidered “Waters of the State.”  More information on this definition is 
provided in Section 4.3, Biological Resources.  

 
a. Vegetation Removal 
Vegetation would be removed from the project site prior to regrading using a 
combination of motor-powered and hand-powered mowing and cutting ma-
chines.  A biological monitor would inspect the area shortly before the area is 
cleared, to relocate wildlife.  After the vegetation has been removed, exclusion 
fencing would be installed around cleared areas to prevent wildlife re-entry.16   
 
b. Grading 
A grading plan has been prepared for the Proposed Project that shows areas 
of the site that would be restored by removing imported fill and debris.  Ap-
proximately 110,000 cubic yards of material occupying approximately 90 
acres would be moved around on the site.Areas for restoration and creation 
would be cleared and grubbed of vegetation, and then excavated.  Up to 2.5 
feet of soil would be removed to create suitable elevations for tidal flooding 
and marsh restoration.  Approximately 24 acres of saltmarsh would be creat-

                                                           
15 Some of the seasonal wetlands occur in areas of historic tidal marsh that 

have been removed from regular tidal influence. Because of the high soil salinity, some 
of these areas also support plans that are salt tolerant.  

16 The area is listed by the Invasive Spartina Project as one that would benefit 
from its removal in order to promote clapper rail and other bird habitat.  Its removal 
was described in a programmatic CEQA document that included the project site.  
Although some invasive Spartina would be eradicated from the existing tidal marsh 
areas prior to site regrading, complete removal from the project site is not part of the 
project as proposed. 
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ed.  Three new tidal sloughs would also be excavated to facilitate tidal flood-
ing of these areas.  A further 4.7 acres of new seasonal wetlands would be cre-
ated, 2.6 acres of seasonal wetlands would be enhanced and restored, and 
drainage swales would be constructed.  Transition zone habitat would be cre-
ated that, with expected sea level rise would become salt marsh in the future.  
The increase in tidal wetlands would be approximately 26 acres, and of sea-
sonal wetlands 7.0 acres, making a total increase in wetlands of 33 acres.  
 
Upland areas used for soil disposal would be created in the southeast and 
south-central portions of the site.  These areas would be restricted in height to 
avoid blocking Bay views, and the proposed Bay Trail would be located along 
the low ridge line that would be created by the fill placement.  The Proposed 
Project has been designed to balance cut-and-fill with about 105,500 cubic 
yards of total earthwork.  Off-haul of rubble and unsuitable soil is estimated 
to total about 4,500 cubic yards.   
 
c. Habitat Restoration 
After vegetation removal and grading, areas to be restored would be seeded 
and planted with native wetland transition zone and upland plant materials.  
Areas of tidal marsh would mainly be left to natural marsh plant re-
colonization. 
 
Soil conditions in the restoration areas would be tested to ensure that they are 
suitable for plant establishment.  In some areas, soils may need to be prepared 
prior to planting by mechanically loosening the soil and, where needed, add-
ing soil amendments.  Small quantities of topsoil from areas with a good cov-
er of native grassland plants may also be salvaged and stored for use as a top-
dressing and seedbank of native grass seed.  
 
d. Irrigation 
An irrigation system would be installed in some areas for summer and fall 
irrigation of plant materials to assist in native plant establishment.  The irriga-
tion would last for about three years with the precise duration, frequency, 
and amount of water used dependent upon annual precipitation and tempera-
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tures.  At an expected irrigation application rate of about 2 acre-feet17 of water 
per acre per year, the 1 to 2 acres of restoration plantings that would be irri-
gated would use about 4 acre-feet of water per year.  Irrigation water may 
either be brought to the site via lines from the existing main to the areas need-
ing irrigation; lines from the existing main to the trailhead and then trucked 
to the areas needing irrigation; or trucked directly from the existing main to 
the areas needing irrigation.  There are no plans to install a groundwater well 
at the site as the water below the site is considered too brackish for effective 
irrigation.  After the plants are established, no more water would be required.  
 
The restored areas would be monitored for success in achieving approved 
vegetative performance criteria for five years.  These areas would be main-
tained, weeded and reseeded or replanted as necessary to meet required per-
formance criteria.  
  
5. Rheem Creek Restoration 
As an optional part of the Proposed Project (but which will be analyzed here 
for CEQA purposes), dependent upon the economics, permit requirements, 
and funding availability, the lower 500 feet of Rheem Creek would be en-
hanced as part of the Proposed Project.  This would involve lowering the 
north levee, or berm, by 2 to 3 feet, and grading the northern bank of the 
creek to support brackish marsh habitat within the channel.   
 
6. Public Access Construction  
Elements of the public access component of the Proposed Project are de-
scribed below and in Table 3-2.  
 
a. Goodrick Avenue Entrance and Parking Area   
A 29,000-square-foot parking lot with 27 spaces, two of which would be re-
served for disabled drivers, would be built at the site’s southern entrance, in 
the place of the staging area.  A gate would close the parking lot to vehicle use 
after the park is closed.  There would be sufficient room in the parking area 

                                                           
17 An acre-foot is the amount of water that would cover an acre of land to a 

depth of 1 foot.  
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to allow emergency vehicles to turn around.  A 10-foot high, permanent pre-
fabricated restroom with two vault toilets would be installed.  It is possible 
that these would later be connected to a public water supply and converted to 
flush toilets.  If that occurs, a drinking fountain could also be installed.  A 
parking fee collection device may be included.  An information panel kiosk 
may also be built close to the site entrance.  
 
b. Rheem Creek Bridge 
A new bridge would be built across Rheem Creek.  This bridge would be a 
16-foot-wide by 60-foot-long steel truss structure located about 500 feet up-
stream from the existing concrete box bridge structure.  The new bridge 
would allow 3 feet of clearance over the 100-year flood water surface eleva-
tion of 12 feet (NAVD88 datum) for the bottom cord of the bridge.  
 
c. Northern Site Access 
Site access would be available as present, at Point Pinole at the northern end 
of the Bay Trail (see below) crossing the UP railroad tracks on Badger Bridge.  
Parking is available in the existing Point Pinole main parking lot and the 
smaller parking lot close to Parchester Village (see Section A Site Access).18   
The Proposed Project would not include a new crossing of the UP railroad 
tracks.19  Such a crossing could be provided as part of a future project. 

                                                           
18 A new entrance at Atlas Road is currently planned slightly north of this as 

described in Section 4.0 Environmental Evaluation. 
19 A bridge connecting Parchester Village directly to the project site was not 

included in the Plan because of the very high cost of such a bridge compared to the 
cost of the project overall. In addition, EBRPD does not own the land east of the rail-
road tracks and substantial land would have to be acquired so that the slope of the 
bridge did not exceed the maximum 30:1 slope stipulated by the Americans with Disa-
bilities Act.  Any new crossing would also require approval by the California Public 
Utilities Commission and UP railroad, both of which are generally not in favor of 
new crossings. A tunnel under the tracks would be infeasible due to several reasons 
including safety due to the proximity of the petroleum pipeline and very high cost. 
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TABLE 3-2 PUBLIC ACCESS CONSTRUCTION COMPONENTS 

Feature Design Characteristics 

Entrance 

Entrance Road 

Length:  ~250 feet from Richmond Rod & Gun 
Club gate to new parking lot (approximately 
6,000 square feet) 
Area: 30,000 square feet, 0.7 acres 
Width: 24 feet 
Bordered by vegetated swales to protect water 
quality 

Property line fence 

6-foot-tall, chain link fence on eastern boundary 
adjacent to UP railroad. Other fences 4-foot high, 
wire mesh, barbed wire, or similar. At least 10 
wire or pipe gates on boundary fencing. 

Lockable gate to parking lot 
Gate including “dragon’s teeth” mechanism for 
one-way travel 

Staging/Parking Area 

Area Area: 21,270 square feet, 0.5 acres 

Parking 

25 unrestricted vehicle spaces 
2 ADA van-accessible spaces 
Bus turnaround and parking 
Turnaround for emergency vehicles, 40 feet in 
length 
Onsite stormwater treatment features  

Restroom 
Prefabricated permanent vault toilet unit with 
two toilet stalls 

Drinking fountain (possible 
component) 

Water fountain 

Use and regulatory signs 
Standard EBRPD signs 
Bay Trail signs 

Main Trail 

Main Trail 
Parking lot to Pt. Pinole 6,037 
feet; 
Switchbacks at Pt. Pinole 1,931 
feet; 
Total 7,968 feet (~1.5 miles) 

At-grade trail length: 6,350 feet 
Width: 12 feet with two, 2-foot shoulders at grade 
Bridge length: 160 feet; width 16 feet between 
railings 
Boardwalk/causeway length: 1,350 feet; width 12 
feet between railings 
Road surface: asphalt 
Bridge/boardwalk/causeway surface: concrete 
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Feature Design Characteristics 

Access control gates (2) 
One between Main Trail and Spit Trail, and one 
between Spit Trail and end of the Spit 

Habitat access control fencing 

Continuous 4-foot black vinyl-clad chain-link, 
probably on wood posts along the west/Bay side 
of the Main Trail 
Livestock fencing, 48 inches high, wire with 
metal posts 

Picnic areas 

South Area: 3,790 square feet, 0.1 acre 
North Area: 11,590 square feet, 0.3 acre 
Picnic tables 
(An additional picnic area may be provided when 
site plans are developed.) 
Access control fencing: 4-foot fence on three sides 
Livestock fencing (recommended)  
Landscape plantings 

Vista points/interpretive 
overlooks (4) 

Interpretive panels at each site 
Standard EBRPD and Bay Trail signs 
 

Spit Trail (improved) 

Overlook to gate 1,418 feet 

At-grade trail length: 1,230 feet; width 6 to 8 feet 
Bridge length: 160 feet; width 8 feet between 
railings 
At grade trail surface: asphalt  
Bridge surface: concrete 

Gate Lockable 

Habitat access control fencing 
On both sides to spit, except in bridge and 
boardwalk areas, and around overlook  

Vista points/interpretive 
overlooks (2) 

Interpretive panel at each of the sites 
Benches and/or seat walls 
Standard EBRPD and Bay Trail signs 

Water Access Trail (unimproved) 

Gate to spit 771 feet Existing footpath: length 1,100 feet; width 3 feet 

Gate Lockable 

Habitat access control fencing None 

Source:  EBRPD, 2011. 
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d. San Francisco Bay Main Trail and Spit Trail 
i. Main Trail  
Approximately 1½ miles of paved multi-use trail would be built from the 
Goodrick Avenue Staging Area north to the existing trails at Point Pinole.  
Although the Main Trail would be an EBRPD trail built to EBRPD stand-
ards, it would serve as a segment of the San Francisco Bay Trail (Bay Trail) 
and fill in one of the current gaps in the trail system in this area.20  (Please 
refer to Section 4.11, Recreation, for a description of the Bay Trail Plan.)  The 
Main Trail, including all bridges and boardwalks would be accessible to small 
patrol and emergency response vehicles (pick-up truck rated) in addition to 
bicycles and pedestrians.  One picnic area and additional benches would be 
provided along the Main Trail.  Schematic drawings of the trail design are 
shown in Figures 3-10 through 3-13. 
 
From the southern site entrance, the Main Trail route would run north, 300 
to 400 feet inland from the existing trail route, and turn inland at the start of 
the Spit Trail (see below) to follow a route along the railroad, approximately 
100 to 200 feet from the tracks. The northernmost section would cross the 
drainage ditch and run parallel to the tracks, at or near the base of the railroad 
embankment, on a boardwalk, until reaching the existing Bay View Trail at  
Point Pinole. The trail would be located just inside, or just outside, the UP 
railroad right-of-way.  The southern termination of the Bay View trail would 
be altered by adding switchbacks to reduce the grade and ensure that it is 
ADA accessible.    
 
ii. Spit Trail 
The Spit Trail21 would divide from the Main Trail, with an access control gate 
allowing access to pedestrians only, and run to an overlook point near the  
 
                                                           

20 There is no legal requirement that the new trail comply with Bay Trail 
standards, if those are different from EBRPD standards.  

21 This is referred to as a Spur Trail in the Bay Trail Plan.  See more infor-
mation in Section 4.11, Recreation.  
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open-water edge of the Giant Marsh.22  The improved, 1,230-foot-long, north- 
south section of the trail would be 6 feet wide and probably be gravel-
covered.  Light weight all-terrain vehicles (ATVs) or golf-cart-sized mainte-
nance vehicles could gain access to the Spit Trail through the gates.  A locka-
ble gate would be located between the improved section of the Spit Trail and 
an unimproved, 771-foot-long, 4-foot-wide section of trail out to the end of 
the spit.  This water-access section of the trail is currently eroding and cannot 
be maintained.  It could be closed to all users for safety at times of very high 
water, and permanently when sea level rise or trail failure necessitates.   
 
e. Bridges and Boardwalks  
A series of bicycle and pedestrian bridges and boardwalks will be installed as a 
part of the Proposed Project to traverse over creek and slough drainages and 
wetlands, including existing wetland areas and new wetlands and slough 
channels that will be created as a part of the restoration project.  The bridges 
will be painted, pre-engineered steel truss structures with concrete decks, 
while the boardwalks will be concrete with painted steel handrails, designed 
to keep trail users on the trail and preclude access to the adjacent wetland are-
as.  The bridges and boardwalks will likely rest on 12-inch to 18-inch diame-
ter concrete piers or piles, depending on the design load and size of the struc-
ture, total span, and underlying soil conditions.  The Main Trail will have a 
minimum design elevation of 12 feet (NAVD88 datum), while the bridges and  
boardwalks will be elevated such that the bottom cord or member of these 
structures will be at a minimum design elevation of 12 feet.  Using a 2-foot- 
thick beam, plus an 8-inch thick deck, the bridges and boardwalks would have 
minimum deck surface elevations of approximately 15 feet.  
 
The following is a listing of proposed bridges and boardwalks that would be 
constructed as a part of the Proposed Project:  
 
  

                                                           
22 A bike rack could be located at the start of the Spit Trail.  
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i. Boardwalk over Southeast Wetland 
The proposed Boardwalk crossing of the new wetland area in the southeast 
corner will be 12 feet wide by 160 feet long.  The boardwalk will have a con-
crete deck and painted steel handrails, 54 inches high.  Included in the 160-
foot-long structure will be a 50-foot-long painted steel truss bridge structure 
spanning the flat bottomed center section of the wetlands.  
 
ii. Bridge and Boardwalk to Spit 
One proposed bridge and boardwalk would consist of a 200-foot-long section 
of bridge and boardwalk spanning the tidal slough near the overlook with 
access to the existing fishing access jetty, or spit.  The 8-foot-wide boardwalk 
will have a concrete deck and painted steel handrails 42 to 48 inches high.  An 
8-foot-wide by 50-foot-long painted steel truss bridge will span the new tidal 
slough channel and adjacent pickleweed tidal marsh, centered on the channel.  
 
iii. Giant Marsh Boardwalk to Pt. Pinole 
The Giant Marsh boardwalk structure will be approximately 1,700-lineal-feet 
long and 12 feet wide.  It will include a 300-foot-long elevated structure con-
necting to Point Pinole on the north, a 500-foot-long section with a 3- to 
3½-foot-high concrete retaining wall on the west (Bay) side resting on existing 
upland soils, a 400-foot-long concrete boardwalk section to the south of this, 
and a 450-foot-long concrete boardwalk section connecting to the at-grade 
Bay Trail on the south.     
 
f. Infrastructure Extension 
There are several options for providing water for irrigation (i.e. infrastructure 
extension):  

♦ Lines from main to irrigated areas.  A 1½- or 2-inch water line may be 
extended from the existing main, located within Goodrick Avenue near 
the Richmond Parkway, to the proposed parking lot and staging area.  
Any irrigation lines into the site would run across the new Rheem Creek 
bridge and under the Trail, where they would be abandoned in place after 
the vegetation is established.  They would probably be used to fill on-site 
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tanks, and hoses would run from the tanks to feed a gravity-driven drip 
and/or spray irrigation system.   

♦ Lines from main to trail head.  With this option, water would then need 
to be transported (e.g. via truck) from the trail head to areas needing irri-
gation.  

♦ No lines.  Water would be transported (e.g. via truck) from the existing 
Goodrick Avenue main to areas needing irrigation. 

 
Extending water lines, either to irrigated areas or to just to the staging area, 
could also facilitate installation of a drinking fountain and restroom in the 
staging area.  If the toilets are later converted to flush toilets, the sanitary sew-
er would need to be extended to the staging area with additional trenching 
along Goodrick Avenue.  Electricity would also need to be provided for a 
sewer lift station.   
 
g. Fencing, Open Space Buffers, and Signs 
The public would be restricted from intruding into wetland habitats by fenc-
ing, railings, boardwalks, vegetative barriers, and open space buffers.  They 
would also be prevented from entering the railroad right-of-way for security 
reasons.  
 
A 6-foot-high chain-link security fence would be installed along the eastern 
edge of the property, where it abuts the UP railroad.23  A 4-foot-high chain 
link fence would be placed on either side of the trail where it parallels the 
railroad ditch.  Where the fences cross the buried pipelines, fence posts would 
be spaced at 10-foot intervals to allow for pipeline maintenance and/or re-
placement.    
A 4-foot-high, vinyl-clad chain-link fence, or similar, would run along the 
west side of the Main Trail, both sides of the Spit Trail, and around the over-
look except in the bridge and boardwalk areas, to prevent human intrusion 

                                                           
23 In the northernmost parts through Giant Marsh, the fence may be at the 

foot of the railroad embankment east of the boardwalk, and may have a slightly differ-
ent design, depending on the outcome of consultation with UP railroad.  



E A S T  B A Y  R E G I O N A L  P A R K S  D I S T R I C T  

B R E U N E R  M A R S H  R E S T O R A T I O N   

A N D  P U B L I C  A C C E S S  P R O J E C T  D R A F T  E I R  

P R O J E C T  D E S C R I P T I O N  

3-42 

 
 

into wetlands.  Fencing would be designed with a gap of at least 6 to 8 inches 
at the base to allow wildlife movement underneath.  The parking/staging area 
would be similarly fenced on the Bay (west) side and the central picnic area, 
where necessary to protect public safety and to prevent development of “so-
cial trails.” Where feasible, the fencing would be set back from the edge of the 
trail to allow users to experience unobstructed views.  Screening vegetation 
would be strategically planted along the trail system to provide a visual and 
sound buffer for wildlife in high value habitat, provide additional wildlife 
habitat, and help erosion control.  
 
In wetland areas, sections of boardwalk and bridges would have railings to 
prevent public entry into sensitive wildlife areas.  Signs would be posted at 
regular intervals on rails, fences, and posts, stating: “Resource Protection Ar-
ea” with additional messages such as: “Keep Out,” “Dogs on Leash,” or “Stay 
on Trail.”24 
 
With the exception of bridges and boardwalks that cross wetland areas, an 
open space buffer would separate the trail from the tidal wetland area.  Sea-
sonal wetlands and extended drainage channels would present additional 
physical barriers to discourage human intrusion into sensitive areas.   
 
7. Construction Phasing and Scheduling   
The Proposed Project is scheduled to commence grading in the late Spring of 
2013.  Some tasks, such as demolition, removal of hazardous materials and 
inorganic debris, installation of fencing, and construction of a new bridge 
across Rheem Creek, could occur in Fall 2012.  Some grading near tidal wet-
lands would probably continue into 2014 due to seasonal permit restrictions.  
In the Fall to Winter of 2014 seasonal wetland, transitional habitats, and up-
land areas would be planted and seeded with site native vegetation.  Construc-
tion of additional bridges, trails, and boardwalk would follow in late Spring 
of 2015, followed by construction of lower Rheem Creek restoration, staging 

                                                           
24 These are EBRPD signs E-37, E-38, and F-26.  Other signs may also be ap-

plicable.  
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(parking) area, restrooms, picnic facilities, and other public access improve-
ments in the Fall of 2015.  
 
Assuming this schedule, seasonal wetlands would begin collecting precipita-
tion in the Fall of 2013, portions of the tidal marsh would be subject to tidal 
inundation in late 2013, followed by the remainder in 2014, and restored por-
tions of Rheem Creek would be inundated in the Fall of 2015.  The construc-
tion schedule is directly dependent upon the availability of funding, pro-
cessing time and conditions of permits, contractors’ construction phasing, and 
site conditions (especially annual precipitation volume and duration).  
 
8. Construction Equipment and Hours of Operation 
A variety of bulldozers, backhoes, and scrapers would be needed for the mass 
grading phase of the Proposed Project and the precise type of equipment 
would vary according to the solidity of the substrate, and the availability of 
suitable construction equipment.25  For example, larger earth-moving equip-
ment could be used in the upland areas to grade faster and more efficiently.  
This equipment would also be used to create the seasonal wetlands because 
their construction depends on grading and on-site disposal of excavated fill 
materials.  Construction in tidal and former tidal areas would be slower and 
would require smaller pieces of equipment on construction mats, and low-
pressure tire or tracked vehicles to prevent vehicles from becoming stuck in 
the mud.  For construction of the new Rheem Creek bridge, it is unlikely pile 
drivers would be required. Pile driving may be needed to build the Spit 
Bridge, depending on the sub-soil conditions.  
 
Construction would take place between the hours of 7 a.m. to 7 p.m. week-
days. Some quieter activities such as planting, mowing, and irrigation (and 
not involving heavy construction equipment), may occur if necessary be-
tween 9 a.m. and 8 p.m. on weekends. To minimize the annoyance to 
Parchester Village residents, EBRPD would notify neighbors in Parchester 

                                                           
25 Details of equipment anticipated as used in the modeling for air quality 

and greenhouse gas emissions are presented in Appendix E. 
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Village in advance of pile installation in the Giant Marsh area.  These activi-
ties would be restricted to weekdays between 9 a.m. and 5 p.m.   
 
9. Use Expectations and Visitor Use Projections 
Users of the Breuner Marsh site are expected to be walkers, hikers, bicyclists, 
birdwatchers, and other wildlife observers out to enjoy the restored wetlands.  
There would also be small groups of casual picnickers.  Some would visit both 
the north and south of the site in the same visit.  School groups could arrive 
in buses to the Badger Bridge parking lot and walk south through Giant 
Marsh.  Many of the project site visitors are expected to be Bay Trail users 
either emanating from entrances on the Point Pinole Peninsula, or biking 
through from points to the north or south.  Some of the visitors may also be 
local residents who want to complete a short hike to the Point Pinole Penin-
sula and back (or vice versa). 
 
There are several methods for estimating the number of future visitors.  One 
method, which considers the likely number of bicycle users on a new 1½-mile 
off-street bicycle trail, estimates the number of visitors at 60 per day.26  This 
method assumes that many of these users would start their trips at the (exist-
ing) Point Pinole facility; while others would be bike users coming from the 
south on the Bay Trail.  When other gaps in the Bay Trail are filled, the 
number of users in this category is expected to increase and some would be 
bicycle commuters.  More information on this is provided in Section 4.11, 
Recreation.  
 
Another method, which considers the likely number of vehicle users given 
the amount of useable open space, estimates the number of visitors at 47 per 
day.27  However, this methodology, when compared to actual park users at 
the existing Point Pinole park, overestimates vehicle users.  A more realistic 

                                                           
26 Calculated using the Federal Highway Administration Benefit Cost Anal-

ysis of Bicycle Facilities online model, available at: http://www.bicyclinginfo.org/ 
bikecost/index.cfm.  

27 Institute of Traffic Engineers (ITE), 2009. Traffic Engineering Handbook, 
6th Edition.  

http://www.bicyclinginfo.org/%0bbikecost/index.cfm
http://www.bicyclinginfo.org/%0bbikecost/index.cfm
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average would be 24 vehicle users per day, or 9,000 to 10,000 per year is prob-
ably more realistic.  More information on visitor use calculations is included 
in Section 4.12, Traffic and Transportation. 
 
Use is expected to be highest on weekends, and seasonal, with twice as many 
users during spring and summer than in late fall and winter.  In addition, 
there are likely to be some groups, although most would not be larger than 25 
people.  
 
10. Hours of Operation and Trail Rules 
As with other facilities operated by the EBRPD, the site day-use facilities 
would be open from sunrise to sunset every day of the year, including holi-
days.  However, the proposed staging area and/or trails may be closed period-
ically to protect public safety or to perform major maintenance activities, 
such as to repair storm damage or repave the trails.  A locked gate would pre-
vent vehicular access outside these times.  A pipe gate on the south side of 
Rheem Creek would allow only approved maintenance and emergency re-
sponse vehicles and easement holders on the main part of the project site.  
Although the park would be officially closed, the Bay Trail would be accessi-
ble to bicycles and pedestrians from 5 a.m. to 10 p.m., in line with EBRPD’s 
hours for regional trails.28  Dogs would be allowed on leash on the Main Trail 
only.  No lighting would be provided in either the parking area or along the 
trail or overlook points.  Trail rules, as listed on signs at park entry points, 
are listed in Appendix C.  
 
11. Maintenance and Ongoing Management 
a. Plant and Wildlife Maintenance and Control 
As the plants are being established during the first three years, some mainte-
nance work would be required.  This would consist of irrigation and re-
placement, as necessary, weeding (primarily to remove non-native cordgrass 
and perennial pepperweed), and control of non-native predators by trapping 
(mainly red fox and feral cats), in addition to maintenance of fences, gates, 

                                                           
28 There would be sufficient gaps for bikes between the bollards, even after 

the park is closed.   
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and signs.  Maintenance would continue in Year 4 and beyond, but be consid-
erably reduced in scale.  It is expected that by the end of Year 10, it would no 
longer be necessary to maintain the native plants.  Weed control would be 
performed periodically by park volunteers, Park District staff, and potentially 
by periodic grazing of uplands by cattle, goats or sheep.29  Non-native preda-
tor control would be addressed through public education and periodic moni-
toring.  
  
b. Site Management 
The site is already part of Point Pinole Regional Shoreline Park and would be 
managed as part of ongoing operations.  Site boundaries would be continually 
secured against trespassing by maintenance of fences and signs, and the site 
would be protected from vandalism, dumping, establishment of homeless 
encampments,30 hunting, and fishing.  Duck hunting from boats would pre-
sumably still occur in San Francisco Bay, but the hunters would not have 
access to the Bay from EBRPD property.  All garbage, recycling, and com-
posting will be kept in closed containers and latched or locked to prevent 
wildlife from using the waste as a food source.  Contents would be collected 
regularly.  Rangers would patrol regularly during park opening hours to pro-
vide security and to collect trash, litter, and debris.31  There would be periodic 
shoreline clean-up events.  
 
G. Avoidance and Minimization Measures  

The following measures are incorporated into the project description to avoid 
and minimize possible environmental impacts.  Additional measures have 

                                                           
29 Selection of the appropriate animal depends on management goals, availa-

ble funding, and practicality in an area adjacent to urban development. 
30 Under EBRPD Ordinance 38, homeless encampments are not allowed.  
31 EBPRD rangers provide routine security.  EBRPD Police would be re-

quired for enforcement and criminal investigation.  It is possible that Richmond City 
police might be first to respond to a crime, but typically they would hand over man-
agement to EPRPD police upon their arrival.  Almost all EBRPD police calls are for 
injuries, infractions or misdemeanors, usually referred by the park rangers.  
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been included in Chapter 4 as mitigation measures.  Further measures may be 
added if required as terms and conditions of permits issued for the project.  
All these measures will be made a part of the project’s construction docu-
ments and contractor work requirements.   
 
1. During Construction  
a. Biological Monitoring 
A qualified biological monitor shall be present on-site during all work activi-
ties to inspect work areas and halt work if necessary.  At the start of the pro-
ject, vegetation shall be cleared from work areas with a walk-behind mower 
and hand tools, with the operator closely following the biological monitor 
who will inspect the area in advance and scare away or relocate any listed or 
protected species. 

 
b. Contractor Education 
Contractor employees shall be educated and trained to be aware of the wild-
life and plants with which they are working and to take suitable precautions 
for the protection of wetlands and listed plant and animal species. 
 
c. Exclusion Fencing 
Exclusion fencing and other structures shall be installed to keep listed species 
out of cleared work areas.  All work areas shall be inspected daily and any 
wildlife found to be present shall be relocated. 
 
d. Seasonal Work Restrictions 
Work in wetlands and listed species habitat shall only occur during the 
months of August through October.  Work could occur from April to early 
December depending on weather conditions, and provided that all erosion 
control and stormwater management measures are in place and fully func-
tional.  
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e. Use of Newer Construction Equipment32 
The construction contractors shall use construction equipment rated by the 
United States Environmental Protection Agency as having Tier 3 or higher 
exhaust emission limits for equipment over 50 horsepower.  Tier 3 engines 
between 50 and 750 horsepower are available for 2006 to 2008 model years.  
A list of construction equipment by type and model year shall be maintained 
by the construction contractor onsite. The construction contractor shall en-
sure that all construction equipment is properly serviced and maintained to 
the manufacturer’s standards to reduce operational emissions.  The construc-
tion contractor shall limit nonessential idling of construction equipment to 
no more than five consecutive minutes. 
 
f. Limits on Number of Truck Trips per Day 
The construction contractors shall limit offsite disposal hauling of hazardous 
materials and inorganic debris to the landfill to no more than 13 truck trips 
per day. 
 
g. Drilled Piers/Piles 
Pile driving shall not be used to install piers for the boardwalk segments over 
wetlands that are within 700 feet of the residences of Parchester Village.  In-
stead a quieter method such as drilled, cast-in-place, auger-cast, torque-down, 
or helical piers or piles shall be used.  
 
h. Pipeline Avoidance 
Fill placement within a zone 10 feet on either side of a known pipeline loca-
tion, or excavation within 25 feet, shall be avoided if possible.  If field condi-
tions dictate a reduced distance in certain locations, the absolute minimum 
distance for excavation would be 5 feet from any high risk utility pipeline.  

                                                           
32 This is also included as Mitigation Measures in Section 4.2 Air Quality.  

However, its inclusion in the Project Description is assumed for the purpose of the 
greenhouse gas analysis. 
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No more than 1-foot of additional fill shall be placed on top of a pipeline.  
Existing markers shall be relocated as needed. 33 
 
i. Contaminated Soil 
Soil excavated from the Upland Strip area investigated by Fugro West in the 
Phase I Environmental Site Assessment (ESA) and shown on Figure 4.7-1 in 
the Draft EIR, shall be excavated for offsite disposal and will be tested prior 
to off-haul to confirm the waste classification.  Soil from the excavation mar-
gins shall also be tested to confirm that contaminated soil that exceeds regula-
tory levels has been removed.  
 
Soil excavated from the Rubble Mound area investigated in the Phase I ESA, 
and shown on Draft EIR Figure 4.7-1, shall be only be reused onsite if placed 
in an upland setting, capped with clean soil, and placed above the groundwa-
ter table. 
 
Soil from the Parking Lot area investigated in the Phase I ESA, and shown on 
Draft EIR Figure 4.7-1, shall not be used as wetland fill. 
 
2. Post-Construction Restoration Monitoring and Management Actions 
a. Habitat Mitigation and Monitoring Plan 
A Habitat Mitigation and Monitoring Plan (Restoration Planting Plan), sub-
ject to review and approval by regulatory agencies having jurisdiction over 
the project, shall be prepared at the end of project construction.  The Plan 
shall include detailed planting, irrigation, maintenance, and plant establish-
ment monitoring instructions, specific vegetative performance criteria, scien-
tific monitoring and reporting protocols and requirements, and a list of ac-
tions that will be taken for the management and control of non-native inva-
sive plants, especially those that may be found in the tidal marsh areas.    
 

                                                           
33 This measure is based on California DOT, 1999.  Policy on High and Low 

Risk Underground Facilities within Highway Rights-of-Way. 
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b. Annual Monitoring Reports 
Annual monitoring reports shall be prepared for five years and thereafter un-
til the performance criteria have been shown to have been met.34  The reports 
will be submitted to the regulatory agencies that have jurisdiction over the 
project.  The annual reports will document:  

♦ Results of monitoring activities. 

♦ Remedial or management measures conducted to assist in meeting vegeta-
tive performance criteria. 

♦ Recommendations for future actions, such as re-planting and re-seeding, 
and invasive plant control measures. 

 
3. Adaptive Management Actions  
The following management actions will also be employed: 

♦ Use monitoring as a secondary management technique to help ameliorate 
the problem of pathways providing predator access routes. 

♦ Predator control as a secondary management technique to help amelio-
rate the problem of pathways providing predator access routes. 

 
 
H. Required Permits and Approvals 

It is estimated that permits and/or approvals would be required from nine 
separate agencies.  These are: 
 
a. Federal Agencies 

• U.S. Fish & Wildlife Service – Consultation/Biological Opinion un-
der Section 7 of Federal Endangered Species Act 

• U.S. Army Corps of Engineers – Permits for work in wetland areas 
under Section 404 of the Clean Water Act; and Section 408 of the 

                                                           
34 Monitoring is only required for mitigation of impacts as defined by this 

Draft EIR.  Additional monitoring may be carried out by EBRPD as considered use-
ful. 
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Rivers and Harbors Act of 1899 (as amended in 1985) for bridge con-
struction and restoration of lower Rheem Creek.  

• U.S. Coast Guard – Bridge Construction 
 
b. State Agencies 

• State Lands Commission – Public Trust Lands and Leases for con-
struction of the Bay Trail segment in Giant Marsh 

• Department of Fish and Game – Section 1601 Streambed Alteration 
Agreement; and Section 2081 Agreement 

• San Francisco Bay Regional Water Quality Control Board 
(RWQCB) – Water Quality Certification under Section 401 of the 
Clean Water Act for wetland restoration 

• San Francisco Bay Conservation and Development Commission 
(BCDC) – Permit for work in wetland areas and conformance with 
climate change policies 

 
c. County and Local Agencies 

• Contra Costa County Flood Control and Water Conservation Dis-
trict - Encroachment Permit 

• City of Richmond – Demolition, Grading, and Building Permits 
 
In addition, easements would be acquired from Shell Pipeline, PG&E, and 
UP railroad in order to construct the Bay Trail along the chosen alignments.  
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A. Purpose of the Environmental Impact Report 
 
This document and the Draft Environmental Impact Report (EIR) together 
comprise the Final EIR for the Breuner Marsh Restoration and Public Access 
Project.   
   
The Draft EIR described the Proposed Project, identified the environmental 
impacts associated with the Project, and identified mitigation measures that 
could reduce those impacts.  The Draft EIR evaluated two alternatives to the 
Project: the No Project Alternative, and the Additional Tidal Habitat 
Alternative.    
 
This document responds to comments received during the public review 
period on the Draft EIR and makes revisions to the Draft EIR, as necessary, 
in response to these comments.  The revisions are limited to correcting errors, 
omissions, or misinterpretations. 
 
This document, together with the Draft EIR, will be presented to the East 
Bay Regional Park District (EBRPD) Board of Directors at a public meeting 
to certify as a complete and adequate analysis of the environmental effects of 
the Project, under the California Environmental Quality Act (CEQA), prior 
to taking action to approve the Project.  The EBRPD Board must consider 
the conclusions of the EIR and make findings regarding that information as 
part of any approval.  
 
 
B. Environmental Review Process 
 
1. Notice of Completion of Draft EIR and Review Period 
A Notice of Completion of the Draft EIR (NOC) was filed with the 
Governor’s Office of Planning and Research (OPR).  The public review 
period began on March 12, 2012, and ended on April 27, 2012.   
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2. Draft EIR Availability for Public Review 
The Draft EIR was made available for downloading from the EBRPD website 
at www.ebparks.org.  Copies were also available at the Main Branch of 
Richmond Public Library at 325 Civic Center Plaza, Richmond; and at the 
San Pablo Library at 2300 El Portal Drive # D, San Pablo; and the Parchester 
Village Community Center, 900 Williams Street, Richmond.   
 
The public was advised of the availability of the Draft EIR through posting 
on and off the site in the project vicinity, and through a Notice of 
Availability mailed to owners and occupants of property within 300 feet of 
the site, as required by law.   
 
3. Agency Review 
According to CEQA, lead agencies are required to consult with public 
agencies having jurisdiction over a proposed project, and to provide the 
general public with an opportunity to comment on the environmental impact 
analysis that is prepared for a project.  Several federal, State, and local agencies 
were contacted by EBRPD or through the Governor’s Office of Planning and 
Research and sent a copy of the Draft EIR summary and/or a compact disk 
with the entire Draft EIR.  
 
4. Community Meeting on Draft EIR 
A community meeting on the Draft EIR was held on Thursday, March 22, at 
7 p.m. at Parchester Village Community Center in Richmond.  Additional 
verbal comments were received and recorded for inclusion in the Draft EIR.  
Responses to questions were provided at the meeting.  Responses to 
comments are included in Chapter 5 of this Final EIR.  
 
5. Public Hearing on Final EIR, Certification, and Project Adoption 
A Public Hearing will be held at an EBRPD Board meeting following 
publication of this Final EIR.  Certification of the EIR and adoption of the 
project will be considered at that meeting.  Comments that concern the 
project description and project merits will be addressed through the staff 
report that will be made available at least three days prior to that meeting.  

http://www.ebparks.org/
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Notice of the meeting will be sent to the same parties that were notified of 
the publication of the Draft EIR and any additional parties that request 
notification.  
 
 
C. Document Organization 
 
This document is organized into the following chapters: 

¨ Chapter 1: Introduction.  This chapter discusses the use and 
organization of this Final EIR. 

¨ Chapter 2:  Draft EIR Summary.  This chapter is a summary of the 
findings of the Draft EIR including corrections to the text of the Draft 
EIR.  Underline text represents language that has been added to the EIR; 
text with strikethrough has been deleted from the EIR. 

¨ Chapter 3:  Revisions to the Draft EIR.  Additional corrections to the 
text and graphics of the Draft EIR are contained in this chapter.  
Underline text represents language that has been added to the EIR; text 
with strikethrough has been deleted from the EIR. 

¨ Chapter 4:  List of Commenters.  Names of organizations and 
individuals who commented on the Draft EIR are included in this 
chapter. 

¨ Chapter 5:  Comments and Responses.  This chapter contains a tabular 
listing of each comment and responses to them; master responses to 
commonly-made comments; reproductions of the letters received from 
organizations and individuals on the Draft EIR; and transcripts of the 
public hearing.  
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This summary presents an overview of the analysis contained in the Draft 
EIR as originally presented in the Chapter 2 of that document, with 
corrections incorporated.  The corrections are included in Chapter 3 in 
underline and strikethrough text.   
 
This summary presents an overview of the analysis contained in this Draft 
EIR.  The chapter summarizes the following:  1) the Project under review, 
2) areas of controversy, 3) significant impacts and mitigation measures, 4) 
unavoidable significant impacts, and 5) alternatives to the Project.  Additional 
detail on the proposed Project is provided in Chapter 3.  Additional detail on 
the environmental impacts is provided in Chapter 4.  Alternatives are 
described and evaluated in Chapter 5. 
 
 
A. Project Under Review 

1. Location and Setting 
The 150-acre Breuner Marsh project area is the focus of the restoration and 
public access Project.  It is located at Point Pinole, in the northwest part of 
the City of Richmond on the San Francisco Bay shoreline (see Figure 3-1).  
Breuner Marsh is bordered by Rheem Creek to the south and merges with 
Giant Marsh to the north.  Approximately 120 acres of the recently 
purchased Breuner property, 30 acres of Giant Marsh and some additional 
upland areas of Point Pinole Peninsula, are the subject of the Proposed 
Project.  Together they form an enlarged Point Pinole Regional Shoreline 
Park.  This geographic context of the site is shown in more detail in Figure 3-
2. 
 
Union Pacific railroad tracks run along the eastern boundary of the property.  
East of the railroad tracks lies the residential community of Parchester 
Village.  The Carr property, which is a separate parcel of 20 acres under 
private ownership, abuts the project area in the southeast corner.  The 
shallow offshore area and two man-made spits within the boundaries of the 
Breuner property are owned by the State Lands Commission and are 
managed by EBRPD.   
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A Shell Oil petroleum pipeline, Pacific Gas & Electricity transmission lines, 
and a West County Sanitary District sanitary sewer force main cross parts of 
the project site on easements.  Rheem Creek, a federal flood control channel, 
operated and maintained by the Contra Costa County Flood Control and 
Water Conservation District, under agreement with the U.S. Army Corps of 
Engineers, runs along the southern site margin.  
 
2. Project Characteristics 
The Proposed Project would involve the removal of the existing site 
structures, debris, and hazardous materials, and existing non-native 
vegetation, and re-grading of much of the southern portion of the site.  
Existing wetland areas would be enhanced by excavating new channels to 
connect them to the Bay and allow tidal flooding.  Material removed from 
wetland areas would be used to build upland areas with gentle slopes and to 
create broad transitional zone habitat.  The transitional zone would become a 
future tidal marsh as sea level rises in line with predictions.  Restoration of 
the mouth of Rheem Creek by lowering the level of the north bank to allow 
tidal flooding of the lower reaches would be a highly desirable project 
component.  This remains an optional part of the Proposed Project, subject to 
cost and feasibility; however, it is evaluated in this EIR. 
 
Following mass grading, areas would be re-vegetated with appropriate native 
plants, and weeded and irrigated as necessary to ensure that the plants become 
established.  Non-native invasive Spartina (cordgrass) would be eradicated 
from existing tidal marsh areas before site grading.  Predators, such as feral 
cats and red fox would be trapped to allow wildlife to gain ground and 
reestablish territory.   
 
Two trails would be built across the project site to allow public access.  The 
Main Trail, which would serve as a section of the Bay Trail, would run from 
the parking lot located in the south of the site, across a new bridge over 
Rheem Creek, to the east of the existing paved trail, run inland to the 
property boundary, and run parallel to the railroad tracks north to connect 
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with existing trails.  The Main Trail would be paved and would cross slough 
and wetland areas by a variety of bridges and boardwalk segments. 
  
The Spit Trail would diverge from the Main Trail to connect to the existing 
fishing spit.  Although the Main Trail would be for bicycle and pedestrian 
access, the Spit Trail would be pedestrian only.  A picnic area and rest area 
would be built by the side of the Main Trail and appropriate interpretative 
signs would be located at intervals along the trail.   
 
3. Required Permits and Approvals 
It is estimated that permits and/or approvals would be required from nine 
separate agencies.  These are: 
 
a. Federal Agencies 
U.S. Fish and Wildlife Service – Consultation/Biological Opinion under 
Section 7 of Federal Endangered Species Act 
 
U.S. Army Corps of Engineers – Permits for filling wetlands under Section 
404 of the Clean Water Act; and Section 408 of the Rivers and Harbors Act 
for construction/restoration of Rheem Creek and bridge construction 
 
U.S. Coast Guard – Bridge Construction 
 
b. State Agencies 
State Lands Commission – Public Trust Lands and Leases for construction of 
segment of Bay Trail in Giant Marsh 
 
Department of Fish and Game – Section 1601 Streambed Alteration 
Agreement; and Section 2081 Agreement 
 
c. County and Regional Agencies 
San Francisco Bay Regional Water Quality Control Board (RWQCB) – 
Water Quality Certification under Section 401 of the Clean Water Act for 
wetland restoration 
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Bay Area Conservation and Development Commission (BCDC) – Permit for 
work in wetland areas and conformance with climate change policies 
 
Contra Costa County Flood Control and Water Conservation District - 
Encroachment Permit for Rheem Creek bridge 
 
d. Local Agencies 
City of Richmond – Demolition, Grading, and Building Permits 
 
In addition, small easements may be acquired from Shell Pipeline, Pacific Gas 
& Electric Company (PG&E), and Union Pacific Railroad in order to 
construct the Bay Trail along the chosen alignments.  
 
 
B. Areas of Controversy  

Public comments were received at the EIR scoping meeting held at Parchester 
Village Community Center on July 14, 2011.  Issues raised that were 
pertinent to the scope of the EIR (and not to the project merits), and requests 
for information to be included in the EIR were as follows: 
 
1. Hydrology/Flooding 

¨ Flooding impacts on Parchester Village, the Carr property, pipelines, and 
sewer manholes. 

¨ Effects of sea level rise on all resources. 

¨ Inclusion of parcel map and watershed boundary map with all drainage 
shown. 

¨ Quantification of runoff and impacts to existing drainage facilities and 
drainage problems in the downstream area. 

¨ Flooding impacts from modification of Rheem Creek channel. 
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2. Hazards/Contamination 

¨ Proximity of buried pipelines. 

¨ Contamination on the Carr property and public availability of 
information. 

¨ Lead contamination in the former Rheem Creek drainage. 

¨ Possible migration of contaminated groundwater onto the project site. 
 

3. Land Use 

¨ Access to the Carr property, and utilities during and after construction. 

¨ Inclusion of a wetland delineation for the project site.  

¨ Possible conflicts with development of the Carr property that is zoned as 
office/flex.1 

¨ Project impacts to the possibility of constructing a second bridge across 
the Creek for the Carr property. 

¨ State Lands Jurisdiction over parts of the project site. 
 

4. Recreation 
¨ Access to Bay Trail after dark to allow commuting. 
¨ Impacts to recreational resources (short-term and long-term). 
 

5. Biological Resources 

¨ Impacts to existing wetlands, wildlife habitat, and special-status species. 

¨ Disturbance to birds during construction; bird populations on the 
transitional habitat. 

¨ Sensitive species occurrence; invasive species; construction noise and 
wildlife impacts. 

                                                           
1 The City of Richmond has proposed to redesignate redesignated this land as 

Open Space Low Intensity Business/Light Industrial as part of the pending General 
Plan update.  However, this is currently in dispute.  
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¨ Rules on off-leash dogs and potential dog and human intrusion into 
marsh habitat with impacts to wildlife. 

¨ Long-term preservation and restoration of native habitat. 

¨ Possible impacts to wildlife, particularly rafting birds, from water users 
in small boats. 

¨ Areas of existing coastal prairie that will be lost. 
 

6. Cultural Resources 
¨ Shellmound occurrences and impacts. 
 

7. Air Quality 
¨ Dust and fumes from project construction. 
¨ Air Quality impacts from removal of the contaminated soil. 
 

8. Greenhouse Gases 
¨ Greenhouse gas emissions from project construction and operation. 

 
 
C. Significant Impacts and Mitigation Measures 

Significant Impacts and Mitigation Measures are summarized in Table 2-1.  
 
  
D. Unavoidable Significant Impacts 

Section 15126.2(b) of the CEQA Guidelines requires that an EIR identify any 
significant impacts that cannot be avoided, even with the implementation of 
feasible mitigation measures.  No Significant and Unavoidable Impacts were 
found. 
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E. Alternatives to the Project 

This CEQA review analyzes the following alternatives to the Proposed 
Project: 
 
1. No Project Alternative 
Under the No Project Alternative, the site would remain in its existing 
condition.  There would continue to be no official public access, and signs 
and derelict fences would discourage, but not prevent, casual hikers, 
dogwalkers, birdwatchers, and fishers from using the site.  The existing trail 
would provide a route as far as the debris mound east of the spit and to the 
spit itself.  There would continue to be no through-route for bicycles on the 
Bay Trail from Richmond Parkway south of the site to Point Pinole.  
 
The model airplane structures and runway would remain, although the 
BARCS lease, which will end in June 2012, would not be renewed.  The 
debris mounds, contaminated soil, old fences, and scattered concrete blocks 
would remain.  Through time, with sea level rise, the existing habitats close to 
the Bay would flood.  Low marsh (cordgrass) would migrate to where high 
marsh (pickleweed) is found now.  Tidal marsh habitat would replace today’s 
transitional habitat and transitional habitat would be found in areas that are 
upland today.  The man-made topographic features, such as the mounds that 
were originally building pads, and some of the drainage ditches, would 
become scattered islands and canals as a result of sea level rise.  
 
2. Additional Tidal Marsh Acreage Alternative 
The public access component of the Additional Tidal Habitat Alternative 
would be the same as the Proposed Project.  A Bay Trail route and a smaller 
pedestrian-only spur to the spit would still be provided in a site cleared of 
debris and contamination.  However, the restoration component of the 
project would differ in that, west of the trail in the south of the site, the site 
would be excavated to a greater depth, with a steeper slope than the Project.  
Both the Project and Additional Tidal Habitat Alternative would require the 
removal of a small amount of contaminated soil, concrete, fill, and the import 
of some aggregate base for the parking area and trails.  With these exceptions, 
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there would be a zero balance of sediment, with no net import or export 
from the site for both the Additional Tidal Habitat Alternative and the 
Proposed Project.  
 
Under the Additional Tidal Habitat Alternative there would be larger areas of 
tidally connected wetlands, instead of transitional habitat and uplands with 
seasonal wetlands.  On project completion, there would therefore be a 
reduced area of transitional habitat and seasonal wetlands, but an increased 
area of tidal wetlands compared to the Proposed Project.  With sea level rise, 
the area of tidal wetland would increase at the expense of some transition 
zone habitat.  Although on project construction the Additional Tidal Habitat 
Alternative would have more acres of tidal marsh than the Proposed Project, 
the Proposed Project would add acres at a faster rate until eventually the 
Additional Tidal Marsh Habitat Alternative would have fewer acres of tidal 
marsh than the Proposed Project. 
 
3. Environmentally Superior Alternative 
In the long term, over the next century, the Proposed Project would prove to 
be the Environmentally Superior Alternative.  
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Note on the Initial Distribution System Evaluation Guidance Manual for
the Final Stage 2 Disinfectants and Disinfection Byproducts Rule

Purpose:

The purpose of this guidance manual is solely to provide technical information for water
systems and states to assist them in complying with the Initial Distribution System Evaluation
(IDSE), a component of the Stage 2 Disinfectants and Disinfection Byproducts Rule (Stage 2
DBPR).  This guidance is not a substitute for applicable legal requirements, nor is it a regulation
itself.  Thus, it does not impose legally-binding requirements on any party, including EPA,
states, or the regulated community.  Interested parties are free to raise questions and objections
to the guidance and the appropriateness of using it in a particular situation.  Although this
manual describes many methods for complying with IDSE requirements, the guidance presented
here  may not be appropriate for all situations, and alternative approaches may provide
satisfactory performance.  The mention of trade names or commercial products does not
constitute endorsement or recommendation for use.

Authorship:

This manual was developed under the direction of EPA’s Office of Water, and was
prepared by The Cadmus Group, Inc. and Malcolm Pirnie, Inc.  Questions concerning this
document should be addressed to:

Elin Warn Betanzo and Thomas Grubbs 
U.S. Environmental Protection Agency
Mail Code 4607M
1200 Pennsylvania Avenue NW
Washington, DC 20460-0001
Tel: (202) 564-1807 (Elin Warn Betanzo)
(202) 564-5262 (Thomas Grubbs)
Fax: (202) 564-3767
Email: Betanzo.Elin@epamail.epa.gov and  Grubbs.Thomas@epamail.epa.gov
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Definitions

Aquifer: a geological formation composed of rock, gravel, sand, or other porous material that
yields water to wells or springs.

Biodegradation: a biological process where HAA5s are broken down into smaller compounds by
microbes.

Booster disinfection: the practice of adding disinfectant in the distribution system to maintain
disinfectant residual concentration throughout the distribution system.

Combined distribution system: the interconnected distribution system consisting of the
distribution systems of wholesale systems and of the consecutive systems that receive finished
water.  40 CFR 141.2

Community water system: a public water system which serves at least 15 service connections
used by year-round residents or regularly serves at least 25 year-round residents.  40 CFR 141.2

Consecutive system: a public water system that receives some or all of its finished water from
one or more wholesale systems.  Delivery may be through a direct connection or through the
distribution system of one or more consecutive systems.  40 CFR 141.2

Disinfectant: any oxidant, including but not limited to chlorine, chlorine dioxide, chloramines,
and ozone added to water in any part of the treatment or distribution process, that is intended to
kill or inactivate pathogenic microorganisms.  40 CFR 141.2

Disinfectant residual concentration: the concentration of disinfectant that is maintained in a
distribution system. Disinfectant could be free chlorine (the sum of the concentrations of
hypochlorous acid (HOCl) and hypochlorite (OCl-)) or combined chlorine (chloramines).  It is
used in Surface Water Treatment Rule as a measure for determining CT. 

Disinfection: a process which inactivates pathogenic organisms in water by chemical oxidants or
equivalent agents.  40 CFR 141.2

Disinfection byproduct (DBP): compound formed from the reaction of a disinfectant with
organic and inorganic compounds in the source or treated water during disinfection and
distribution.

Dual Sample set: a set of two samples collected at the same time and same location, with one
sample analyzed for TTHM and the other sample analyzed for HAA5.  Dual sample sets are
collected for the purpose of conducting an IDSE under subpart U and determining compliance
with the TTHM and HAA5 MCLs under subpart V.  40 CFR 141.2

Entry Point: the point(s) where finished water first enters the distribution system from one or
more sources.  Samples taken at these points represent minimum residence time in the
distribution system.
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Finished Water: water that is introduced into the distribution system of a public water system
and is intended for distribution and consumption without further treatment, except as treatment 
necessary to maintain water quality in the distribution system (e.g., booster disinfection, addition
of corrosion control chemicals).  40 CFR 141.2 

GAC10: granular activated carbon filter beds with an empty-bed contact time of 10 minutes
based on average daily flow and a carbon reactivation frequency of every 180 days, except that
the reactivation frequency for GAC10 used as a best available technology for compliance with
subpart V MCLs under §141.64(b)(2) shall be 120 days.  40 CFR 141.2 

GAC20: granular activated carbon filter beds with an empty-bed contact time of 20 minutes
based on average daily flow and a carbon reactivation frequency of every 240 days.  40 CFR
141.2 

Ground water system: public water systems that use ground water only or purchase ground water
from other systems (40 CFR 141.2).  For the purposes this guidance manual, ground water
systems refers to the subset of systems that disinfect their water, or purchase disinfected ground
water, even if they do not apply any additional treatment.

Ground water under the direct influence of surface water (GWUDI): any water beneath the
surface of the ground with significant occurrence of insects or other macroorganisms, algae, or
large-diameter pathogens such as Giardia lamblia, or Cryptosporidium, or significant and
relative rapid shifts in water characteristics such as turbidity, temperature, conductivity, or pH
which closely correlate to climatological or surface water conditions.  Direct influence must be
determined for individual sources in accordance with criteria established by the State.  The State
determination of direct influence may be based on site-specific measurements of water quality
and/or documentation of well construction characteristics and geology with field evaluation.  40
CFR 141.2

Haloacetic acid (HAA): one of the family of organic compounds named as a derivative of acetic
acid, wherein one to three hydrogen atoms in the methyl group in acetic acid are each substituted
by a halogen atom (namely, chlorine and bromine) in the molecular structure.

Haloacetic acids (five) (HAA5): the sum of the concentrations in milligrams per liter of the
haloacetic acid compounds (monochloroacetic acid, dichloroacetic acid, trichloroacetic acid,
monobromoacetic acid, and dibromoacetic acid), rounded to two significant figures after
addition.  40 CFR 141.2

Heterotrophic plate count (HPC): a procedure for estimating the number of heterotrophic
bacteria in water, measured as the number of colony forming units per 100 mL.   

Information Processing and Management Center (IPMC): a receiving, processing, and mailing
facility with a web-based data management system that allows EPA and states to access, track,
and respond to IDSE submissions.
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Influence zone: the portions of the distribution system supplied with water from a particular
source of supply.

Locational running annual average (LRAA): the average of sample results taken at a particular
monitoring location during the previous four calendar quarters.  40 CFR 141.2 

Maximum contaminant level (MCL): the maximum permissible level of a contaminant in water
which is delivered to any user of a public water system.  40 CFR 141.2

Maximum contaminant level goal (MCLG): the maximum level of a contaminant in drinking
water at which no known or anticipated adverse effect on the health of persons would occur, and
which allows an adequate margin of safety.  Maximum contaminant level goals are
nonenforceable health goals.  40 CFR 141.2

Mixing Zone: an area in the distribution system where water flowing from two or more different
sources blend.

Monitoring site: the location where samples are collected.

Non-community water system: a public water system that is not a community water system.  A
non-community water system is either a “transient non-community water system (TNCWS)” or a
“non-transient non-community water system (NTNCWS)  40 CFR 141.2

Non-transient non-community water system (NTNCWS): a public water system that is not a
community water system and that regularly serves at least 25 of the same persons over 6 months
per year.  40 CFR 141.2

Population served: the retail number of people served by a water system.  Systems typically
work with their State to determine population served for compliance purposes.  Note that IDSE
and Stage 2 compliance monitoring requirements (e.g., number of samples and sampling
frequency) are based on the population served by the water system.  IDSE and Stage 2
compliance monitoring schedules, however, are based on the largest population served by
systems in the combined distribution system.  If you do not know the population of your system,
ask your state.

Public water system (PWS): a system for the provision to the public of water for human
consumption through pipes or, after August 5, 1998, other constructed conveyances, if such
system has at least fifteen service connections or regularly serves an average of at least twenty-
five individuals daily at least 60 days out of the year. Such term includes: any collection,
treatment, storage, and distribution facilities under control of the operator of such system and
used primarily in connection with such system; and any collection or pretreatment storage
facilities not under such control which are used primarily in connection with such system. Such
term does not include any “special irrigation district.” A public water system is either a
“community water system” or a “noncommunity water system.  40 CFR 141.2
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Residence time: the time period lasting from when the water is treated to a particular point in the
distribution system.  Also referred to as water age. 

Residual disinfection: also referred to as “secondary disinfection.” The process whereby a
disinfectant (typically Chlorine or Chloramines) is added to finished water in order to maintain a
disinfection residual in the distribution system. 

State: the agency of the State or Tribal government which has jurisdiction over public water
systems.  During any period when a State or Tribal government does not have primary
enforcement responsibility pursuant to Section 1413 of the Safe Drinking Water Act, the term
“State” means the Regional Administrator, U.S. Environmental Protection Agency.  40 CFR
141.2

Subpart H systems: public water systems using surface water or ground water under the direct
influence of surface water as a source that are subject to the requirements of 40 CFR 141.2 (H).
40 CFR 141.2

Surface water: all water which is open to the atmosphere and subject to surface runoff.  40 CFR
141.2

Total chlorine residual: the sum of combined chlorine (chloramine) and free available chlorine
residual.

Total trihalomethanes (TTHM): the sum of the concentration in milligrams per liter of the
trihalomethane compounds (trichloromethane [chloroform], dibromochloromethane,
bromodichloromethane, and tribromomethane [bromoform]), rounded to two significant figures. 
40 CFR 141.2

Tracer study: a procedure for estimating hydraulic properties of the distribution system, such as
residence time.  Where more than one water source feeds the distribution system, tracer studies
can be used to determine the zone of influence of each source.

Transient Non-Community Water System (TNCWS): a non-community water system that does
not regularly serve at least 25 of the same persons over six months per year. 40 CFR 141.2

Trihalomethane (THM): one of the family of organic compounds named as derivatives of
methane, wherein three of the four hydrogen atoms in methane are each substituted by a halogen
atom in the molecular structure.  40 CFR 141.2

Water distribution system model: a computer program that can simulate the hydraulic, and in
some cases, water quality behavior of water in a distribution system.  

Wholesale system: a public water system that treats source water as necessary to produce
finished water and then delivers some or all of that finished water to another public water
system.   Delivery may be through a direct connection or through the distribution system of one
or more consecutive systems.  40 CFR 141.2
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This chapter covers:

1.1 Getting Started (Read this Section First)
1.2 Overview of IDSE Options
1.3 IDSE Schedule 
1.4 Early Implementation Process
1.5 Changes to IDSE Requirements Since the Proposed Stage 2 DBPR

Read this Section First

1.0  Introduction

The Administrator of the EPA signed the Stage 2 Disinfectants and Disinfection
Byproducts Rule (DBPR) on December 15, 2005, and it was published in the Federal Register on
January 4, 2006 (71 FR 388).  This rule applies to all community and non-transient
noncommunity water systems that provide disinfected water (other than water disinfected only
by Ultraviolet [UV] light) to their customers.  The rule has two primary sections.  Subpart U is
referred to as the Initial Distribution System Evaluation (IDSE) section.  The requirements of
this part of the rule are discussed in this manual.  Subpart V, the Stage 2 Disinfection Byproducts
Requirements, is referred to as Stage 2 Compliance Monitoring in this guidance manual.  Stage 2
Compliance Monitoring Requirements are an extension of the Stage 1 DBPR.  Note that systems
that are exempt from the IDSE portion of the rule may not be exempt from the Stage 2
Compliance Monitoring section.

EPA developed this Initial Distribution System Evaluation Guidance Manual to help
systems meet the IDSE requirements of the Stage 2 DBPR.  System personnel should start by
reading Section 1.1 to answer basic questions about the IDSE, select the appropriate guidance
materials to meet IDSE requirements, and get instructions on how to use this manual.

1.1 Getting Started  

1.1.1 What is the IDSE?  What is its purpose?

IDSEs are an important part of the Stage 2 DBPR.  They are one-time studies conducted
by water systems to identify distribution system locations with high concentrations of
trihalomethanes (THMs) and haloacetic acids (HAAs).  Water systems will use results from the
IDSE, in conjunction with their Stage 1 DBPR compliance monitoring data, to select compliance
monitoring locations for the Stage 2 DBPR.
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1.1.2 Do I have to conduct an IDSE?

You are subject to the IDSE requirements of the Stage 2 DBPR if you meet the following
criteria:

• You use a primary or residual disinfectant other than ultraviolet light (UV), or you
are a consecutive system that delivers water that has been treated with a primary or
residual disinfectant other than UV.

AND

• You are a community water system (CWS) of any size, or you are a non-transient
non-community water system (NTNCWS) that serves > 10,000 people.

IDSE requirements do not apply to NTNCWSs serving fewer than 10,000 people, although these
systems have other requirements under the Stage 2 DBPR.  Transient non-community water
systems (TNCWSs) are not subject to any part of the Stage 2 DBPR. 

There are four options systems can use to comply with the IDSE requirements of the
Stage 2 DBPR:

• Qualify for a Very Small System (VSS) Waiver
• Meet 40/30 Certification requirements
• Conduct a System Specific Study (SSS) using existing monitoring results or a

distribution system hydraulic model
• Conduct Standard Monitoring

The four options are described briefly in Section 1.2 of this chapter, with further details provided
in the remainder of this guidance manual. 

1.1.3 What guidance materials are available for the IDSE?

EPA has developed two guidance manuals and an on-line tool to help you comply with
the IDSE requirement.  This manual is comprehensive and includes IDSE requirements and
technical guidance for all system sizes and types and all IDSE options, designed for easy access
to specific modules.  The second manual, entitled the Initial Distribution System Evaluation
Guide for Systems Serving < 10,000 People, is targeted to smaller systems and focuses on
information they are most likely to use.  It provides examples to help smaller systems as they
proceed with satisfying IDSE requirements.  It does not, however, discuss the IDSE SSS options.

EPA has also developed the IDSE Tool, available on-line at
http://www.epa.gov/safewater/disinfection/stage2 and on CD.  The  IDSE tool walks systems
through the entire IDSE process, and it can be used in place of the IDSE guidance manuals.  It
contains a Wizard you can use to determine your requirements and select the best IDSE option
for your system.   The tool then creates Custom Forms for your system size and type that can be
submitted electronically for EPA or state review.  See Section 1.4 for more information.  Exhibit
1.1 shows the IDSE Tool home page. 
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Exhibit 1.1  IDSE Tool Home Page

The IDSE Guidance Manual, the IDSE Guide for Systems Serving < 10,000 People, and
the IDSE Tool address only IDSE requirements and DO NOT cover other provisions of the Stage
2 DBPR.  For additional guidance on implementing the Stage 2 DBPR, you can refer to the
following EPA materials:

• The Stage 2 DBPR Quick Reference Guide

• Stage 2 Disinfectant and Disinfection Byproducts Rule: Small Entity Compliance Guide – 
One of the Simple Tools for Effective Performance (STEP) Guide Series (draft version)

EPA will be releasing draft versions of additional Stage 2 DBPR guidance manuals soon,
including The Consecutive Systems Guidance Manual, The Simultaneous Compliance Guidance
Manual, and The Operational Evaluation Guidance Manual.  Your state may have additional,
state-specific materials to assist you in complying with the Stage 2 DBPR.
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IDSE Tool

1.1.4 How can I get copies of EPA guidance materials?

• You can download guidance manuals and fact sheets from EPA’s Web site at
http://www.epa.gov/safewater/disinfection/stage2.

• You can call the Safe Drinking Water Hotline at 1-800-426-4791

• You can call the National Service Center for Environmental Publications at 1-800-
490-9198 or visit their Web site at http://www.epa.gov/ncepihom.

Also, you may wish to contact your state drinking water program office for additional guidance.

1.1.5 How do I use this guidance manual?

To help you find information quickly, EPA has designed this manual in a modular
format.  While Chapters 1 and 2 contain information for all systems, Chapters 3, 4, 5, 6 and 7
each contain comprehensive requirements for a specific IDSE option.  Appendices are organized
similarly.  The first three appendices include general information for all systems.  Appendix D
addresses consecutive and wholesale system issues.  Appendices E through H provide examples
for specific IDSE options.  Exhibit 1.2 shows which chapters and appendices you should use for
the different IDSE options.

EPA recommends that once you have read the introductory materials in Chapter 1, you
use the flowchart in Chapter 2 to determine the best IDSE option for your system.  Then you
can go to the chapter and appendices addressing your IDSE option and skip the rest of the
manual.  If you are accessing this guidance manual electronically, you can download only those
chapters and appendices that you need to build a custom manual for your system.   

Remember that the IDSE Tool does these steps for you.  The IDSE Tool
Wizard asks questions about your system and, based on your answers, extracts
the appropriate requirements summary sheet and guidance manual material.  

Chapter 2 contains requirements summary sheets for each IDSE option and compliance
schedule.  These sheets contain compliance deadlines for IDSE submissions and other important
information.  EPA recommends that you make a copy of your requirements summary sheets (or
if you are accessing the manual electronically, print them out) and keep them handy throughout
the IDSE process.  
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Exhibit 1.2a  IDSE Guidance Manual Chapters and Appendices

Chapters

1  Introduction

2  Determining Your IDSE Schedule and Option

3* Very Small System Waiver

4* 40/30 Certification

5* System Specific Study Using Existing Monitoring Results

6* System Specific Study Using a Distribution System Hydraulic Model

7* Standard Monitoring

Appendices

A Factors Affecting DBP Formation

B Stage 2 DBPR and LT2ESWTR Compliance Schedule

C TTHM and HAA5 Sampling Protocol

D Consecutive and Wholesale System Issues

E Example System Specific Study using Existing Monitoring Results for a Surface Water
System Serving 40,000 People

F Example System Specific Study Using a Hydraulic Model for a Surface Water System
Serving 55,000 People

G Complex Modeling Analysis Example for a System with Multiple Sources

H Example IDSE Standard Monitoring Plan and Report for a Surface Water System
Serving 160,000 People

I Example IDSE Standard Monitoring Plan and Report for a Ground Water System
Serving 200,000 People

* You need one of these Chapters for the IDSE
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Chapter 1
Chapter 2
Appendix A
Appendix B

PLUS

Systems qualifying for the VSS Waiver

Systems qualifying for 40/30 Certification

Systems conducting an SSS using existing
monitoring results

Systems conducting an SSS using a model

Systems conducting standard monitoring

Chapter 3

Chapter 4

Chapter 5
Appendix E

Chapter 6
Appendix C
Appendix F
Appendix G

Chapter 7
Appendix C
Appendix H
Appendix I

PLUS

Consecutive and wholesale systems only Appendix D

All Systems

Chapter 1
Chapter 2
Appendix A
Appendix B

PLUS

Systems qualifying for the VSS Waiver

Systems qualifying for 40/30 Certification

Systems conducting an SSS using existing
monitoring results

Systems conducting an SSS using a model

Systems conducting standard monitoring

Chapter 3

Chapter 4

Chapter 5
Appendix E

Chapter 6
Appendix C
Appendix F
Appendix G

Chapter 7
Appendix C
Appendix H
Appendix I

PLUS

Consecutive and wholesale systems only Appendix D

All Systems

Exhibit 1.2b  Building a Custom IDSE Guidance Manual for Your System
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1.1.6 Whom do I call with questions?

Because compliance activities begin soon after the Stage 2 DBPR is
finalized, EPA and states will be working together to implement the IDSE.   In
some cases, EPA will be your main point of contact during the first phases of the
IDSE.  In other cases, your state will be your main point of contact.   

To identify your point of contact for the IDSE, visit EPA’s website at
http://www.epa.gov/safewater/disinfection/stage2.  The website contains a list of contact
numbers for the IDSE by state.  You can also call the EPA SDWA hotline at 1-800-426-4791 for
this information.  Refer to Section 1.4 of this chapter for more information on how the IDSE will
be implemented. 

1.2 Overview of IDSE Options

There are four options available to systems to meet IDSE requirements.  Your option will
depend on your technical resources, existing monitoring results, size, and preference.  The four
options are described briefly below, with further details provided in the remainder of this
guidance manual. 

• Very Small System (VSS) Waiver.  Systems serving fewer than 500 people that
have TTHM and HAA5 data automatically receive the VSS waiver unless they are
notified by EPA or their state that they must conduct an IDSE.  Systems receiving the
VSS waiver have no further IDSE requirements.

•  40/30 Certification.  Systems can fulfill the IDSE requirements by certifying that all
individual TTHM and HAA5 monitoring results for compliance with the Stage 1
DBPR are less than or equal to 0.040 mg/L for TTHM and 0.030 mg/L for HAA5
during a prescribed 2-year time period.  In addition, the system must not have had any
Stage 1 DBPR monitoring violations for TTHM and HAA5 during the same period. 
The system must submit the required 40/30 certification and, unless told otherwise by
EPA or their state, they have no further requirements under the IDSE.

• System Specific Study (SSS).  Systems can meet IDSE requirements using existing
monitoring results or a distribution system hydraulic model if their data or model
meet certain minimum criteria.  Systems conducting an SSS must prepare an SSS
plan and IDSE report.  Existing monitoring requirements were developed to be
equivalent to standard monitoring.

• Standard Monitoring.  Any system can choose to conduct standard monitoring, even
if they receive a VSS, qualify for the 40/30 certification, or have enough data to
conduct an SSS.  Standard monitoring entails 1 year of distribution system
monitoring at multiple locations (in addition to Stage 1 DBPR monitoring).  The
required sampling frequency and minimum number of sample locations depend on
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population served and source water type.  Systems conducting standard monitoring
must prepare a standard monitoring plan and IDSE report.

1.3 IDSE Schedule

IDSE activities begin soon after the Stage 2 DBPR is finalized.  Appendix B provides the
overall schedule for the Stage 2 DBPR and Long Term 2 Enhanced Surface Water Treatment
Rule (LT2ESWTR) to show how the IDSE fits into the overall compliance schedule for both
rules.  Exhibit 1.3 shows a more detailed schedule for IDSE activities only.  Note that the
schedule is staggered by system size, and that the schedule for consecutive and wholesale
systems is based on the population served by the largest system in the combined distribution
system.  Guidance for determining your schedule is in Chapter 2. 

1.4 Early Implementation Process

Because IDSE activities begin soon after the Stage 2 DBPR is finalized, EPA and states
will be working together to implement the IDSE.  To facilitate review and processing of IDSE
submissions, EPA has created the Information Processing and Management Center (IPMC). 
The IPMC is both a receiving facility and a web-based data management system that allows EPA
and states to access, track, and respond to IDSE submissions.  

The IPMC is password protected and accessible only by EPA and state drinking water
representatives.  IDSE submissions will not, however, be considered confidential business
information (CBI) and are subject to the Freedom of Information Act (FOIA).  Therefore, your
IDSE submissions should not contain information that poses a security risk to your system.  
Chapters 5, 6, and 7 of this manual provide guidelines on the kinds of information you may want
to exclude from your distribution system schematic for security reasons.

One advantage of the IPMC is that it provides a one-stop location for IDSE submissions. 
Regardless of whether EPA or your state is reviewing your IDSE materials, all submissions go to
the same address.  See Exhibit 1.4 on page 1-10 for ways in which you can submit IDSE
materials to the IPMC.  EPA and/or your state will review your IDSE plan and report.  If they
have concerns regarding your submission, they will work with you to resolve those issues during
the one year review period.  

If you have questions during the IDSE, you should visit EPA’s website at
http://www.epa.gov/safewater/disinfection/stage2 to determine the contact name and phone
number for the IDSE for your state.  You can also call the Safe Drinking Water Hotline at 1-800-
426-4791 for this information.
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Schedule  1
Systems
serving

 >100,000 1

Schedule  2
Systems
serving

50,000-99,999  1

Schedule  3
Systems
serving

 10,000-49,999 1

1 For consecutive and wholesale systems, the schedule is based on the population served by the largest system in a combined distribution system.
2 Communication with the system is included in the EPA/state review period.

Schedule  4
Systems
serving

 <10,000 1

2006 2007 2008 2009 2010

IDSE plans and
certifications due

IDSE plans and
certifications due

IDSE plans and
certifications due

IDSE plans and
certifications due

IDSE reports
due

IDSE reports
due

IDSE reports
due

IDSE reports
due

J F MAM J J A S O ND J F MA M J J A S O ND J F MA M J J A SO ND J F MA M J J A SO ND J F MA M J J A S ON D

EPA/state
reviews  plans 2

EPA/state
reviews  reports

EPA/state
reviews  reports

EPA/state
reviews  reports

EPA/state
reviews  reports

EPA/state
reviews  plans 2

EPA/state
reviews  plans 2

EPA/state
reviews  plans 2

IDSE  Monitoring
(Recommended)

IDSE  Monitoring
(Recommended)

IDSE  Monitoring
(Recommended)

IDSE  Monitoring
(Recommended)

2006 2007 2008 2009 2010
J F MAM J J A S O ND J F MA M J J A S O ND J F MA M J J A SO ND J F MA M J J A SO ND J F MA M J J A S ON D

Exhibit 1.3  Staggered Schedule for the IDSE
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Exhibit 1.4  Options for Submitting IDSE Material to EPA and States Through the
IPMC 1

Option 1 Option 2 Option 3 

Use the IDSE Tool
to submit completed
certifications, plans

and reports
electronically

Mail paper copies of 
submissions to:

E-mail electronic submissions
as attachments to:

            STAGE 2 DBPR
            US EPA-IPMC
          P O Box 98
          Dayton, OH  45401-0098

stage2mdbp@epa.gov

Notes:
1.  You can use one of these three options to submit IDSE materials to the IPMC. 

The IPMC accepts a variety of electronic formats:

• Adobe PDF file (*.pdf)
• Microsoft Word (*.doc)
• WordPerfect (*.wpd)
• Image files (*.gif, *.bmp, *.jpg, *.jpeg)
• Microsoft Excel (*.xls)
• Text file (*.txt)

1.5 Changes to IDSE Requirements Since the Proposed Stage 2 DBPR

Several changes have been made to the IDSE requirements since the publication of the
proposed Stage 2 DBPR on August 18, 2003.  Many of these changes are in response to public
comment received on the proposed rule and are intended to facilitate implementation.  These
changes, which are discussed in more detail below, include:

• Change from plant-based to population-based monitoring for all systems
• Change in definition of consecutive systems 
• Staggered IDSE schedule
• Changes to VSS waivers
• Change in 40/30 requirements
• Clarification to the IDSE SSS option
• Elimination of Stage 2A

Change from plant-based to population-based monitoring for all systems

The Stage 2 DBPR proposal included population-based monitoring requirements for
consecutive systems that purchase all of their water.  For all other systems, plant-based
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monitoring requirements were proposed.  The plant-based approach, consistent with Stage 1
DBPR compliance monitoring requirements, is grounded in the assumption that larger systems
have more treatment plants and thus greater system complexity.  While this is generally true, the
plant-based approach created disproportionately burdensome monitoring requirements for some
systems where the number of plants did not correlate with system size, such as larger systems
with only a few very large plants or smaller systems with many disinfecting wells.  Moreover, a
plant-based approach can complicate monitoring of purchased water systems, particularly
complex ones with multiple connections.  

For these reasons, EPA has developed population-based compliance monitoring
requirements for all systems for the final Stage 2 DBPR.  EPA believes that the new
population-based approach makes monitoring requirements simpler and more equitable for
systems of the same size and type.

Change in definition of consecutive system

For the Stage 2 DBPR proposal, the definition for consecutive systems specified the
minimum length of time (60 days) a system must receive water from a wholesale system to be
considered a consecutive system.  EPA received public comments on this definition.  Several
commenters expressed concerns with including a time period of water delivery that defined
whether a system was a consecutive system or wholesale system.  This change was also made
due to the change to population based monitoring because it is no longer necessary to define
consecutive system entry points as it was under plant based monitoring.  EPA has dropped this
requirement from the final rule and has provided some flexibility for states to determine which
systems are part of a combined distribution system (without presenting a time criterion).

Staggered IDSE schedule

EPA has modified the proposed compliance schedule to stagger deadlines for CWSs and
NTNCWSs serving 10,000 to 99,999 people to allow for a more evenly distributed workload and
greater opportunity for EPA and state involvement.  The final compliance schedule includes a
formal review period for EPA and/or state review of IDSE plans and 40/30 certifications as well
as IDSE reports.  The staggered schedule also provides time for analytical laboratories to build
up capacity as necessary to accommodate the sample analysis needs of systems.  The new IDSE
plan and IDSE report submission dates are shown in Exhibit 1.3.  It is important to note that, as
in the proposal, smaller systems may have to comply on an earlier schedule than indicated for
their individual system size if they are part of a combined distribution system that includes a
large system.  This is discussed further in Chapter 2.

Changes to VSS waivers

The final rule grants a waiver from the IDSE requirements to community water systems
serving fewer than 500 people that have taken TTHM and HAA5 samples.  This provision was
changed from the proposal to reflect that most small systems have sampling locations that are
representative of both high TTHM and high HAA5 because they have small and simple
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distributions systems.  In addition, many very small systems are ground water systems which
typically have stable DBP levels (ground water systems tend to have lower DBP levels than
surface water systems).  EPA recognizes, however, that there may be some small systems with
extended or complex distribution systems that should be studied further to determine new
sampling locations.  For this reason, EPA or a state can contact a very small system and require
them to conduct an IDSE. 

Change in 40/30 requirements

The reporting requirements for the 40/30 certification option have been reduced from the
requirements in the proposed Stage 2 DBPR.  In the proposal, systems qualifying for the 40/30
certification were required to submit all qualifying data and provide recommendations for Stage
2 compliance monitoring locations.  The final rule requires systems to submit a certification that
their data meets all the requirements of the 40/30 certification and to include their Stage 2
compliance monitoring recommendations in their Stage 2 compliance monitoring plan. These
changes were made to reduce the reporting burden on systems that qualify for the 40/30
certification and to maintain consistency with monitoring plan requirements under the Stage 1
DBPR.  This approach also gives systems more time to select appropriate monitoring sites for
Stage 2 compliance monitoring.  EPA or the state may request systems to submit the data, a
distribution system schematic, and/or recommendations for Stage 2 compliance monitoring as
part of the 40/30 certification.

Clarification to the IDSE SSS option

The final rule includes more specific requirements than the proposal regarding how
systems can use distribution system hydraulic models and existing monitoring results for the
IDSE SSS.  This change was made to help systems better understand expectations under this
provision and lessen the chances of an SSS plan not being approved.  The new modeling
requirements reflect that distribution system hydraulic models can appropriately identify
monitoring locations by predicting water age in distribution systems if they meet certain
minimum requirements.  Existing monitoring results requirements are equivalent to Standard
Monitoring requirements, except they apply to data already collected.

Elimination of Stage 2A

The Stage 2 DBPR proposal included a phased-in approach to calculating compliance
with MCLs using a Locational Running Annual Average (LRAA), referred to as Stage 2A and
Stage 2B which coincided with the IDSE period.  EPA received public comments that found this
confusing, and this provision is no longer in the final rule.  What was referred to in the proposal
as Stage 2B compliance monitoring is now referred to as Stage 2 Compliance Monitoring.



PLEASE PRINT OR TYPE IN THE UNSHADED AREAS ONLY. You may report some or all of this information 
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EPA I.D. NUMBER (copy from Item 1 of Form 1)  

V. INTAKE AND EFFLUENT CHARACTERISTICS (continued from page 3 of Form 2-C)  
OUTFALL NO. 

PART A –You must provide the results of at least one analysis for every pollutant in this table. Complete one table for each outfall. See instructions for additional details. 

2. EFFLUENT 
3. UNITS  

(specify if blank) 
4. INTAKE  
(optional) 

a. MAXIMUM DAILY VALUE 
b. MAXIMUM 30 DAY VALUE 

(if available) 
c. LONG TERM AVRG. VALUE  

(if available) 
a. LONG TERM  

AVERAGE VALUE 

1. POLLUTANT 
(1) 

CONCENTRATION (2) MASS 
(1) 

CONCENTRATION (2) MASS (1) CONCENTRATION (2) MASS 

d. NO. OF 
ANALYSES 

a. CONCEN-
TRATION b. MASS 

(1) 
CONCENTRATION (2) MASS 

b. NO. OF 
ANALYSES 

a. Biochemical Oxygen 
Demand (BOD)             

b. Chemical Oxygen 
Demand (COD)             

c. Total Organic Carbon 
(TOC)             

d. Total Suspended 
Solids (TSS)             

e. Ammonia (as N) 
            

f. Flow 
VALUE VALUE VALUE 

   

VALUE 

 

g. Temperature  
(winter) 

VALUE VALUE VALUE 

 
°C 

VALUE 

 

h. Temperature 
(summer) 

VALUE VALUE VALUE 

 
°C 

VALUE 

 

i. pH 
MINIMUM MAXIMUM MINIMUM MAXIMUM 

  
STANDARD UNITS 

 

PART B – Mark “X” in column 2-a for each pollutant you know or have reason to believe is present. Mark “X” in column 2-b for each pollutant you believe to be absent. If you mark column 2a for any pollutant which is limited either 
directly, or indirectly but expressly, in an effluent limitations guideline, you must provide the results of at least one analysis for that pollutant. For other pollutants for which you mark column 2a, you must provide 
quantitative data or an explanation of their presence in your discharge. Complete one table for each outfall. See the instructions for additional details and requirements. 

2. MARK “X” 3. EFFLUENT 4. UNITS 5. INTAKE (optional) 

a. MAXIMUM DAILY VALUE 
b. MAXIMUM 30 DAY VALUE 

(if available) 
c. LONG TERM AVRG. VALUE 

(if available) 
a. LONG TERM AVERAGE 

VALUE 

1. POLLUTANT 
AND  

CAS NO. 
(if available) 

a. 
BELIEVED 
PRESENT 

b. 
BELIEVED 
ABSENT 

(1) 
CONCENTRATION (2) MASS 

(1) 
CONCENTRATION (2) MASS 

(1) 
CONCENTRATION (2) MASS 

d. NO. OF 
ANALYSES 

a. CONCEN-
TRATION b. MASS

(1) 
CONCENTRATION (2) MASS 

b. NO. OF 
ANALYSES 

a. Bromide 
(24959-67-9)               

b. Chlorine, Total 
Residual               

c. Color 
              

d. Fecal Coliform 
              

e. Fluoride 
(16984-48-8)               

f. Nitrate-Nitrite  
(as N)               

EPA Form 3510-2C (8-90) PAGE V-1 CONTINUE ON REVERSE 



ITEM V-B CONTINUED FROM FRONT 

2. MARK “X” 3. EFFLUENT 4. UNITS 5. INTAKE (optional) 

a. MAXIMUM DAILY VALUE 
b. MAXIMUM 30 DAY VALUE 

(if available) 
c. LONG TERM AVRG. VALUE 

(if available) 
a. LONG TERM 

AVERAGE VALUE 

1. POLLUTANT 
AND  

CAS NO. 
(if available) 

a. 
BELIEVED 
PRESENT 

b. 
BELIEVED 
ABSENT 

(1) 
CONCENTRATION (2) MASS 

(1) 
CONCENTRATION (2) MASS 

(1) 
CONCENTRATION (2) MASS 

d. NO. OF 
ANALYSES 

a. CONCEN-
TRATION b. MASS

(1) 
CONCENTRATION (2) MASS 

b. NO. OF 
ANALYSES 

g. Nitrogen, 
Total Organic (as 
N)               

h. Oil and 
Grease               

i. Phosphorus 
(as P), Total 
(7723-14-0)               

j. Radioactivity             

(1) Alpha, Total               

(2) Beta, Total               

(3) Radium, 
Total 

              

(4) Radium 226, 
Total 

              

k. Sulfate 
(as SO4)  

(14808-79-8) 

              

l. Sulfide 
 (as S) 

              

m. Sulfite  
(as SO3)  

(14265-45-3) 

              

n. Surfactants               

o. Aluminum, 
Total  
(7429-90-5) 

              

p. Barium, Total  
(7440-39-3) 

              

q. Boron, Total 
(7440-42-8) 

              

r. Cobalt, Total 
(7440-48-4) 

              

s. Iron, Total 
(7439-89-6) 

              

t. Magnesium, 
Total  
(7439-95-4) 

              

u. Molybdenum, 
Total  
(7439-98-7) 

              

v. Manganese, 
Total  
(7439-96-5) 

              

w. Tin, Total 
(7440-31-5) 

              

x. Titanium, 
Total  
(7440-32-6) 
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CONTINUED FROM PAGE 3 OF FORM 2-C 

EPA I.D. NUMBER (copy from Item 1 of Form 1) OUTFALL NUMBER 

 

PART C - If you are a primary industry and this outfall contains process wastewater, refer to Table 2c-2 in the instructions to determine which of the GC/MS fractions you must test for. Mark “X” in column 2-a for all such GC/MS 
fractions that apply to your industry and for ALL toxic metals, cyanides, and total phenols. If you are not required to mark column 2-a (secondary industries, nonprocess wastewater outfalls, and nonrequired GC/MS 
fractions), mark “X” in column 2-b for each pollutant you know or have reason to believe is present. Mark “X” in column 2-c for each pollutant you believe is absent. If you mark column 2a for any pollutant, you must 
provide the results of at least one analysis for that pollutant. If you mark column 2b for any pollutant, you must provide the results of at least one analysis for that pollutant if you know or have reason to believe it will be 
discharged in concentrations of 10 ppb or greater. If you mark column 2b for acrolein, acrylonitrile, 2,4 dinitrophenol, or 2-methyl-4, 6 dinitrophenol, you must provide the results of at least one analysis for each of these 
pollutants which you know or have reason to believe that you discharge in concentrations of 100 ppb or greater. Otherwise, for pollutants for which you mark column 2b, you must either submit at least one analysis or 
briefly describe the reasons the pollutant is expected to be discharged. Note that there are 7 pages to this part; please review each carefully. Complete one table (all 7 pages) for each outfall. See instructions for 
additional details and requirements. 

2. MARK “X” 3. EFFLUENT 4. UNITS 5. INTAKE (optional) 

a. MAXIMUM DAILY VALUE
b. MAXIMUM 30 DAY VALUE 

(if available) 
c. LONG TERM AVRG. 

VALUE (if available) 
a. LONG TERM 

AVERAGE VALUE 

1. POLLUTANT 
AND  

CAS NUMBER 
(if available) 

a. 
TESTING 

REQUIRED 

b. 
BELIEVED 
PRESENT 

c.  
BELIEVED 
ABSENT 

(1) 
CONCENTRATION (2) MASS 

(1) 
CONCENTRATION (2) MASS 

(1) 
CONCENTRATION (2) MASS 

d. NO. OF 
ANALYSES

a. CONCEN-
TRATION b. MASS 

(1) 
CONCENTRATION (2) MASS 

b. NO. OF 
ANALYSES 

METALS, CYANIDE, AND TOTAL PHENOLS 

1M. Antimony, Total  
(7440-36-0) 

               

2M. Arsenic, Total  
(7440-38-2) 

               

3M. Beryllium, Total  
(7440-41-7) 

               

4M. Cadmium, Total  
(7440-43-9) 

               

5M. Chromium, 
Total (7440-47-3) 

               

6M. Copper, Total  
(7440-50-8) 

               

7M. Lead, Total  
(7439-92-1) 

               

8M. Mercury, Total  
(7439-97-6) 

               

9M. Nickel, Total  
(7440-02-0) 

               

10M. Selenium, 
Total (7782-49-2) 

               

11M. Silver, Total  
(7440-22-4) 

               

12M. Thallium, 
Total (7440-28-0) 

               

13M. Zinc, Total  
(7440-66-6) 

               

14M. Cyanide, 
Total (57-12-5) 

               

15M. Phenols, 
Total 

               

DIOXIN 

2,3,7,8-Tetra-
chlorodibenzo-P-
Dioxin (1764-01-6) 

   
DESCRIBE RESULTS 

EPA Form 3510-2C (8-90) PAGE V-3 CONTINUE ON REVERSE 



CONTINUED FROM THE FRONT 

2. MARK “X” 3. EFFLUENT 4. UNITS 5. INTAKE (optional) 

a. MAXIMUM DAILY VALUE
b. MAXIMUM 30 DAY VALUE 

(if available) 
c. LONG TERM AVRG. 

VALUE (if available) 
a. LONG TERM 

AVERAGE VALUE 

1. POLLUTANT 
AND  

CAS NUMBER 
(if available) 

a. 
TESTING 

REQUIRED 

b. 
BELIEVED 
PRESENT 

c.  
BELIEVED 
ABSENT 

(1) 
CONCENTRATION (2) MASS 

(1) 
CONCENTRATION (2) MASS 

(1) 
CONCENTRATION (2) MASS 

d. NO. OF 
ANALYSES

a. CONCEN-
TRATION b. MASS 

(1) 
CONCENTRATION (2) MASS 

b. NO. OF 
ANALYSES 

GC/MS FRACTION – VOLATILE COMPOUNDS 

1V. Accrolein  
(107-02-8) 

               

2V. Acrylonitrile 
(107-13-1) 

               

3V. Benzene  
(71-43-2) 

               

4V. Bis (Chloro-
methyl) Ether  

(542-88-1) 
               

5V. Bromoform  
(75-25-2) 

               

6V. Carbon 
Tetrachloride  
(56-23-5) 

               

7V. Chlorobenzene 
(108-90-7) 

               

8V. Chlorodi-
bromomethane 
(124-48-1) 

               

9V. Chloroethane 
(75-00-3) 

               

10V. 2-Chloro-
ethylvinyl Ether  
(110-75-8) 

               

11V. Chloroform 
(67-66-3) 

               

12V. Dichloro-
bromomethane  
(75-27-4) 

               

13V. Dichloro-
difluoromethane 
(75-71-8) 

               

14V. 1,1-Dichloro-
ethane (75-34-3) 

               

15V. 1,2-Dichloro-
ethane (107-06-2) 

               

16V. 1,1-Dichloro-
ethylene (75-35-4) 

               

17V. 1,2-Dichloro-
propane (78-87-5) 

               

18V. 1,3-Dichloro-
propylene  
(542-75-6) 

               

19V. Ethylbenzene 
(100-41-4) 

               

20V. Methyl 
Bromide (74-83-9) 

               

21V. Methyl 
Chloride (74-87-3) 
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CONTINUED FROM PAGE V-4 

2. MARK “X” 3. EFFLUENT 4. UNITS 5. INTAKE (optional) 

a. MAXIMUM DAILY VALUE
b. MAXIMUM 30 DAY VALUE 

(if available) 
c. LONG TERM AVRG. 

VALUE (if available) 
a. LONG TERM 

AVERAGE VALUE 

1. POLLUTANT 
AND  

CAS NUMBER  
(if available) 

a. 
TESTING 

REQUIRED 

b. 
BELIEVED 
PRESENT 

c.  
BELIEVED 
ABSENT 

(1) 
CONCENTRATION (2) MASS 

(1) 
CONCENTRATION (2) MASS 

(1) 
CONCENTRATION (2) MASS 

d. NO. OF 
ANALYSES

a. CONCEN-
TRATION b. MASS 

(1) 
CONCENTRATION (2) MASS 

b. NO. OF 
ANALYSES 

GC/MS FRACTION – VOLATILE COMPOUNDS (continued) 
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EXECUTIVE SUMMARY  

A literature review was conducted to determine the availability and reliability of data to 
assess the effectiveness of low impact development (LID) practices for controlling 
stormwater runoff volume and reducing pollutant loadings to receiving waters.  

Background information concerning the uses, ownership and associated costs for LID 
measures was also compiled. In general LID measures are more cost effective and lower 
in maintenance than conventional, structural stormwater controls. Not all sites are 
suitable for LID. Considerations such as soil permeablility, depth of water table and slope 
must be considered, in addition to other factors. Further, the use of LID may not 
completely replace the need for conventional stormwater controls.  

Maintenance issues can be more complicated than for conventional stormwater controls 
because the LID measures reside on private property. In most instances, homeowners 
agree to only the first year of maintenance. Homeowner associations could be a 
mechanism for providing long-term maintenance to these areas. Generally, bioretention 
facilities require replacement of dead or diseased vegetation, remulching as needed, and 
replacement of soils after 5–10 years. Grass swales require periodic mowing and removal 
of sediments. Maintenance of permeable pavements requires annual high-powered 
vacuuming of the area to remove sediments. 

Several studies have been conducted to analyze the effectiveness of various LID practices 
based on hydrology and pollutant removal capabilities. Bioretention areas, grass swales, 
permeable pavements and vegetated roof tops were the most common practices studied. 
These techniques reduce the amount of Effective Impervious Area (EIA) in a watershed. 
EIA is the directly connected impervious area to the storm drain system and contributes 
to increased watershed volumes and runoff rates. There are documented case studies that 
conclusively link urbanization and increased watershed imperviousness to hydrologic 
impacts on streams. Existing reports and case studies provide strong evidence that 
urbanization negatively affects streams and results in water quality problems such as loss 
of habitat, increased temperatures, sedimentation and loss of fish populations (USEPA, 
1997)

In general bioretention areas were found to be effective in reducing runoff volume and in 
treating the first flush (first ½ inch) of stormwater. Results from three different studies 
indicate that removal efficiencies were quite good for both metals and nutrients. Removal 
rates for metals were more consistent than for nutrients. Removal rates for metals ranged 
from 70–97% for lead, 43–97% for copper and 64–98% for zinc. Nutrient removal was 
more variable and ranged from 0–87% for phosphorus, 37–80% for Total Kjeldahl 
Nitrogen, <0–92% for ammonium and for nitrate <0–26%. Effluent volumes were lower 
than influent volumes. These studies were conducted by means of simulated rainfall 
events. Analysis of actual long-term rainfall events would produce more reliable data. 

The effectiveness of grass swales was also quite good for both pollutant removal and 
runoff volume reduction. A study of three different sites in the United States reveal 
similar results despite the differences in location. In general, performance of swales is 
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dependant on not only channel length, but also longitudinal slope and the use of check 
dams to slow flows and allow for greater infiltration. Further, the removal of metals was 
found to be directly related to the removal rate of total suspended solids, and the removal 
rate of metals was greater than removal of nutrients.  

Reduction of impervious surfaces can greatly reduce the volume of runoff generated by 
rainfall. Several methods can be employed to reduce total impervious surface area. 
Permeable pavements and vegetated rooftops are two methods to accomplish this goal. 
Vegetated rooftops have been used extensively in Germany for more than 25 years and 
results show up to 50% reduction in annual runoff in temperate climates. Many 
opportunities exist to retrofit these systems into older highly urbanized areas of the 
United States. The Philadelphia project case study provides an example of this practice.  

Permeable pavements can also reduce impervious surfaces. However, they are more 
expensive to construct than traditional asphalt pavements. Costs of these systems may be 
off set by the reduction of traditional curb and gutter systems to convey stormwater. 
Benefits of these alternate pavement types include better infiltration, ground water 
recharge, reduction in runoff volume and treatment of stormwater for pollutants. The 
study conducted in Tampa, Florida outlines these benefits as well as the opportunity to 
retrofit permeable pavements into existing parking lots with little or no loss of parking 
space. Less than 20% of rainfall was converted to runoff when using permeable 
pavements. Study results from the University of Washington, compare several different 
treatments of varying permeablility. The study shows that the higher the amount of 
perviousness of the treatment, the greater the reduction of runoff volume and pollutant 
loadings.  

The use of LID is relatively new and not widespread. Most of the available data are from 
Prince George's County, Maryland, which pioneered the use of LID. The data available 
for bioretention analysis were from single simulated storm events in actual bioretention 
facilities or from laboratory constructed and tested bioretention systems. The data for 
grass swales were for only a few storm events, collected over a short period of time. The 
only available data for a long-term study came from the Aquarium parking lot in Tampa, 
Florida and the Washington permeable pavement project. More long-term analysis is 
required to more accurately assess the effectiveness of LID and to determine long term 
trends.
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1 LOW IMPACT DEVELOPMENT 

1.1 Introduction 

Low impact development (LID) is a relatively new concept in stormwater management. 
LID techniques were pioneered by Prince George’s County, Maryland, in the early 
1990's, and several projects have been implemented within the state. Some LID 
principles are now being applied in other parts of the country, however, the use of LID is 
infrequent and opportunities are often not investigated. The purpose of this report is to 
conduct a literature review to determine existing information about the application of LID 
in new development and existing urbanized areas, including ownership, operation and 
maintenance issues. A related objective was to locate relevant studies of LID projects, 
which would provide evidence of the effectiveness of LID in retaining predevelopment 
hydrology and as a mechanism for pollutant removal for stormwater. The data from the 
studies were analyzed for usefulness and validity and the findings are summarized.  

LID is a site design strategy with a goal of maintaining or replicating the pre-
development hydrologic regime through the use of design techniques to create a 
functionally equivalent hydrologic landscape. Hydrologic functions of storage, 
infiltration, and ground water recharge, as well as the volume and frequency of 
discharges are maintained through the use of integrated and distributed micro-scale 
stormwater retention and detention areas, reduction of impervious surfaces, and the 
lengthening of flow paths and runoff time (Coffman, 2000). Other strategies include the 
preservation/protection of environmentally sensitive site features such as riparian buffers, 
wetlands, steep slopes, valuable (mature) trees, flood plains, woodlands and highly 
permeable soils. 

LID principles are based on controlling stormwater at the source by the use of micro-
scale controls that are distributed throughout the site. This is unlike conventional 
approaches that typically convey and manage runoff in large facilities located at the base 
of drainage areas. These multifunctional site designs incorporate alternative stormwater 
management practices such as functional landscape that act as stormwater facilities, 
flatter grades, depression storage and open drainage swales. This system of controls can 
reduce or eliminate the need for a centralized best management practice (BMP) facility 
for the control of stormwater runoff. Although traditional stormwater control measures 
have been documented to effectively remove pollutants, the natural hydrology is still 
negatively affected (inadequate base flow, thermal fluxes or flashy hydrology), which can 
have detrimental effects on ecosystems, even when water quality is not compromised 
(Coffman, 2000). LID practices offer an additional benefit in that they can be integrated 
into the infrastructure and are more cost effective and aesthetically pleasing than 
traditional, structural stormwater conveyance systems.  

Conventional stormwater conveyance systems are designed to collect, convey and 
discharge runoff as efficiently as possible. The intent is to create a highly efficient 
drainage system, which will prevent on lot flooding, promote good drainage and quickly 
convey runoff to a BMP or stream. This runoff control system decreases groundwater 
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recharge, increases runoff volume and changes the timing, frequency and rate of 
discharge. These changes can cause flooding, water quality degradation, stream erosion 
and the need to construct end of pipe BMPs. Discharge rates using traditional BMPs may 
be set only to match the predevelopment peak rate for a specific design year. This 
approach only controls the rate of runoff allowing significant increases in runoff volume, 
frequency and duration of runoff from the predevelopment conditions and provides the 
mechanisms for further degradation of receiving waters (Figure 1). 

LID has often been compared to other innovative practices, such as Conservation Design, 
which uses similar approaches in reducing the impacts of development, such as reduction 
of impervious surfaces and conservation of natural features. Although the goals of 
Conservation Design protect natural flow paths and existing vegetative features, 
stormwater is not treated directly at the source. Conservation Design protects large areas 
adjacent to the development site and stormwater is directed to these common areas.  

Figure 1: Changes in Stormwater Hydrology as a Result of Urbanization 

Although this approach protects trees and does reduce runoff, there is still potentially a 
significant amount of connected impervious area and centralized stormwater facilities 
that may contribute to stream degradation through stormwater volume, frequency and 
thermal impacts. Therefore, the hydrologic and hydraulic impacts of this approach on 
receiving waters may still be significant, although the volume and flows will be less than 
without the conservation design. The stormwater control measures used in Conservation 
Design are off-site and therefore not the individual property owner's responsibility. 
However, maintenance is generally provided by the homeowners association and 
financed through association fees.  

1.2 Benefits and Limitations 

The use of LID practices offers both economical and environmental benefits. LID 
measures result in less disturbance of the development area, conservation of natural 
features and can be less cost intensive than traditional stormwater control mechanisms. 
Cost savings for control mechanisms are not only for construction, but also for long-term 

2  



maintenance and life cycle cost considerations. For example, an alternative LID 
stormwater control design for a new 270 unit apartment complex in Aberdeen, NC will 
save the developer approximately 72% or $175,000 of the stormwater construction costs. 
On this project, almost all of the subsurface collection systems associated with curb and 
gutter projects have been eliminated. Strategically located bioretention areas, compact 
weir outfalls, depressions, grass channels, wetland swales and specially designed storm 
water basins are some of the LID techniques used. These design features allow for longer 
flow paths, reduce the amount of polluted runoff and filter pollutants from stormwater 
runoff (Blue Land, Water and Infrastructure, 2000). 

Today many states are facing the issue of urban sprawl, a form of development that 
consumes green space, promotes auto dependency and widens urban fringes, which puts 
pressure on environmentally sensitive areas. "Smart growth" strategies are designed to 
reconfigure development in a more eco-efficient and community oriented style. LID 
addresses many of the environmental practices that are essential to smart growth 
strategies including the conservation of open green space. LID does not address the 
subject of availability of public transportation. 

LID provides many opportunities to retrofit existing highly urbanized areas with 
pollution controls, as well as address environmental issues in newly developed areas. LID 
techniques such as rooftop retention, permeable pavements, bioretention and 
disconnecting rooftop rain gutter spouts are valuable tools that can be used in urban 
areas. For example, stormwater flows can easily be directed into rain barrels, cisterns or 
across vegetated areas in high-density urban areas. Further, opportunities exist to 
implement bioretention systems in parking lots with little or no reduction in parking 
space. The use of vegetated rooftops and permeable pavements are 2 ways to reduce 
impervious surfaces in highly urbanized areas. 

LID techniques can be applied to a range of lot sizes. The use of LID, however, may 
necessitate the use of structural BMPs in conjunction with LID techniques in order to 
achieve watershed objectives. The appropriateness of LID practices is dependent on site 
conditions, and is not based strictly on spatial limitations. Evaluation of soil permeability, 
slope and water table depth must be considered in order to effectively use LID practices. 
Another obstacle is that many communities have development rules that may restrict 
innovative practices that would reduce impervious cover. These "rules" refer to a mix of 
subdivision codes, zoning regulations, parking and street standards and other local 
ordinances that determine how development happens (Center for Watershed Protection, 
1998). These rules are responsible for wide streets, expansive parking lots and large-lot 
subdivisions that reduce open space and natural features. These obstacles are often 
difficult to overcome. 

Additionally, community perception of LID may prevent its implementation. Many 
homeowners want large-lots and wide streets and view reduction of these features as 
undesirable and even unsafe. Furthermore, many people believe that without 
conventional controls, such as curbs and gutters and end of pipe BMPs, they will be 
required to contend with basement flooding and subsurface structural damage.  
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2 LOW IMPACT DEVELOPMENT PRACTICES 

LID measures provide a means to address both pollutant removal and the protection of 
predevelopment hydrological functions. Some basic LID principles include conservation 
of natural features, minimization of impervious surfaces, hydraulic disconnects, 
disbursement of runoff and phytoremediation. LID practices such as bioretention 
facilities or rain gardens, grass swales and channels, vegetated rooftops, rain barrels, 
cisterns, vegetated filter strips and permeable pavements perform both runoff volume 
reduction and pollutant filtering functions. 

2.1 Bioretention 

Bioretention systems are designed based on soil types, site conditions and land uses. A 
bioretention area can be composed of a mix of functional components, each performing 
different functions in the removal of pollutants and attenuation of stormwater runoff 
(Figure 2). 

Figure 2: Typical Bioretention System (Prince George's County Department of Environmental  
Resources, 1993) 
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Six typical components found in bioretention cells: 

−  Grass buffer strips reduce runoff velocity and filter particulate matter. 

−  Sand bed provides aeration and drainage of the planting soil and assists in the 
flushing of pollutants from soil materials.  

−  Ponding area provides storage of excess runoff and facilitates the settling of 
particulates and evaporation of excess water.  

−  Organic layer performs the function of decomposition of organic material by 
providing a medium for biological growth (such as microorganisms) to degrade 
petroleum-based pollutants. It also filters pollutants and prevents soil erosion.  

−  Planting soil provides the area for stormwater storage and nutrient uptake by 
plants. The planting soils contain some clays which adsorb pollutants such as 
hydrocarbons, heavy metals and nutrients.  

−  Vegetation (plants) functions in the removal of water through evapotranspiration 
and pollutant removal through nutrient cycling. 

Bioretention facilities are less cost intensive than traditional structural stormwater 
conveyance systems. Construction of a typical bioretention area in Prince George's 
County, Maryland is between $5,000 and $10,000 per acre drained, depending on soil 
type (Weinstein, 2000). Other sources estimate the costs for developing bioretention sites 
at between $3 and $15 per square foot of bioretention area. Design guidelines recommend 
that bioretention systems occupy 5-7% of the drainage basin. Additional savings can be 
realized in reduced construction costs for storm drainpipe. For example, bioretention 
practices reduced the amount of storm drain pipe at a Medical Office building in Prince 
George's County, Maryland from 800 to 230 feet, which resulted in a cost savings of 
$24,000 or 50% of the overall drainage cost for the site (Dept. of Env. Resources, 1993).  

Components of the bioretention area should meet required guidelines in order to provide 
the most productive system possible. The mulch layer should be approximately 2-3 
inches thick and replaced annually. Soil should be tested for several criteria before being 
used.

−  pH range 5.5–6.5

−  Organic matter 1.5–3.0% 

−  Magnesium (Mg) 35lbs/acre 

−  Phosphorus (P2O5) 100lbs/acre 

−  Potassium (K2O) 85lbs/acre 

−  Soluble salts < 500 ppm 
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Plant material should be obtained from certified nurseries that have been inspected by 
state or federal agencies (Dept. of Env. Resources, 1993). Native species should be used 
and selected according to their moisture regime, morphology, susceptibility to pests and 
diseases and tolerance to pollutants. Selection of plant species should be based on site 
conditions and ecological factors. A minimum of three species of trees and three species 
of shrubs should be selected to insure diversity, differing rates of transpiration and ensure 
a more constant rate of evapotransportation and nutrient and pollutant uptake throughout 
the growing season (Dept. of Env. Resources, 1993). Species that require regular 
maintenance should be avoided or restricted. Prince George's County recommends a 
warranty be established with the nursery as part of the plant installation, and should 
include care and 80% replacement of plants for the first year. 

Table 1: Example Maintenance Schedule for Bioretention Areas (Prince George’s County, 
Department of Environmental Resources, 1993) 
Description Method Frequency Time of Year 

Soil
Inspect and Repair Erosion Visual Monthly Monthly 

Organic Layer 
Remulch void areas By Hand As Needed As Needed 
Remove previous mulch 
layer before applying new 
layer (optional) 

By Hand Once a Year Spring 

Additional mulch added 
(optional) By Hand Once a Year Spring 

Plants 
Remove and replace all dead 
and diseased vegetation that 
cannot be treated 

See Planting 
Specifications Twice a Year Mar 15–Apr 30 and 

Oct 1–Nov 30 

Treat all diseased trees and 
shrubs

Mechanical or by 
Hand N/A 

Varies, depends on 
insect or disease 

infestation 
Water of plant materials, at 
the end of the day for 14 
consecutive days after 
planting

By Hand 
Immediately after 

Completion of 
Projects 

N/A 

Replace stakes after one 
year By Hand Once a Year Remove only in the 

Spring
Replace deficient stakes or 
wires By Hand N/A As Needed 

Annual maintenance is required for the overall success of bioretention systems. This 
includes maintenance of plant material, soil layer and the mulch layer. A maintenance 
schedule outlining methods, frequency and time of year for bioretention maintenance 
should be developed. Table 1 is a typical maintenance checklist. Plants will provide 
enhanced environmental benefit over time as root systems and leaf canopies increase in 
size and pollutant uptake and removal efficiencies. Soils, however, begin filtering 
pollutants immediately and can lose their ability to function in this capacity over time. 
Therefore, evaluation of soil fertility is important in maintaining an effective bioretention 
system. Substances in runoff such as nutrients and metals eventually disrupt normal soil 
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functions by lowering the cation exchange capacity (CEC) (Dept. of Env. Resources, 
1993). CEC is the soil's ability to adsorb pollutant particles through ion attraction and 
will decrease over time. It is recommended that soils be tested annually and replaced 
when soil fertility is lost. Depending on environmental factors, this usually occurs within 
5-10 years of construction. Replacement of soil can be accomplished in 1-2 days for 
approximately $1,000-$2,000 for a typical system which will drain one acre in the 
northeastern U.S. (Weinstein, 2000). 

2.2 Grass Swales 

Grass swales or channels are adaptable to a variety of site conditions, are flexible in 
design and layout, and are relatively inexpensive (USDOT, 1996). Generally open 
channel systems are most appropriate for smaller drainage areas with mildly sloping 
topography (Center for Watershed Protection, 1998). Their application is primarily along 
residential streets and highways. They function as a mechanism to reduce runoff velocity 
and as filtration/infiltration devices. Sedimentation is the primary pollutant removal 
mechanism, with additional secondary mechanisms of infiltration and adsorption. In 
general grass channels are most effective when the flow depth is minimized and detention 
time is maximized. The stability of the channel or overland flow is dependant on the 
erodibility of the soils in which the channel is constructed (USDOT, 1996). Decreasing 
the slope or providing dense cover will aid in both stability and pollutant removal 
effectiveness.  

Engineered swales are less costly than installing curb and gutter/storm drain inlet and 
storm drain pipe systems. The cost for traditional structural conveyance systems ranges 
from $40–$50 per running foot. This is two to three times more expensive than an 
engineered grass swale (Center for Watershed Protection, 1998). Concerns that open 
channels are potential nuisance problems, present maintenance problems, or impact 
pavement stability can be alleviated by proper design. Periodic removal of sediments and 
mowing are the most significant maintenance requirements. 

2.3 Vegetated Roof Covers 

Vegetative roof covers or green roofs are an effective means of reducing urban 
stormwater runoff by reducing the percentage of impervious surfaces in urban areas. 
They are especially effective in older urban areas with chronic combined sewer overflow 
(CSO) problems, due to the high level of imperviousness. The green roof is a 
multilayered constructed material consisting of a vegetative layer, media, a geotextile 
layer and a synthetic drain layer. Vegetated roof covers in urban areas offer a variety of 
benefits, such as extending the life of roofs, reducing energy costs and conserving 
valuable land that would otherwise be required for stormwater runoff controls. Green 
roofs have been used extensively in Europe to accomplish these objectives. Many 
opportunities are available to apply this LID measure in older U.S. cities with stormwater 
infrastructures that have reached their capacities. 
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Green roofs are highly effective in reducing total runoff volume. Simple vegetated roof 
covers, with approximately 3 inches of substrate can reduce annual runoff by more than 
50 percent in temperate climates (Miller, 2000). Research in Germany shows that the 3-
inch design offers the highest benefit to cost ratio. Properly designed systems not only 
reduce runoff flows, but also can be added to existing rooftops without additional 
reinforcement or structural design requirements. The value of green roofs for reducing 
runoff is directly linked to the design rainfall event considered. Design should be 
developed for the storm events that most significantly contribute to CSOs, hydraulic 
overloads and runoff problems for a given area.  

2.4 Permeable Pavements 

The use of permeable pavements is an effective means of reducing the percent of 
imperviousness in a drainage basin. More than thirty different studies have documented 
that stream, lake and wetland quality is reduced sharply when impervious cover in an 
upstream watershed is greater than 10%. Porous pavements are best suited for low traffic 
areas, such as parking lots and sidewalks. The most successful installations of alternative 
pavements are found in coastal areas with sandy soils and flatter slopes (Center for 
Watershed Protection, 1998). Permeable pavements allow stormwater to infiltrate into 
underlying soils promoting pollutant treatment and recharge, as opposed to producing 
large volumes of rainfall runoff requiring conveyance and treatment.  Costs for paving 
blocks and stones range from $2 to $4, whereas asphalt costs $0.50 to $1 (Center for 
Watershed Protection, 1998).   

2.5 Other LID Strategies 

Another strategy to minimize the impacts of development is the implementation of rain 
gutter disconnects. This practice involves redirecting rooftop runoff conveyed in rain 
gutters out of storm sewers, and into grass swales, bioretention systems and other 
functional landscape devices. Redirecting runoff from rooftops into functional landscape 
areas can significantly reduce runoff flow to surface waters and reduce the number of 
CSO events in urban areas. As long as the stormwater is transported well away from 
foundations, concerns of structural damage and basement flooding can be alleviated. As 
an alternative to redirection of stormwater to functional landscape, rain gutter flows can 
be directed into rain barrels or cisterns for later use in irrigating lawns and gardens. 
Disconnections of rain gutters can effectively be implemented on existing properties with 
little change to present site designs. 

Many strategies exist to reduce the amount of impervious surface in development areas. 
Designing residential streets for the minimum required width needed to support traffic, 
on-street parking and emergency service vehicles, can reduce imperviousness. Other 
practices include shared driveways and parking lots, alternative pavements for overflow 
parking areas, center islands in cul-de-sacs, alternative street designs rather than 
traditional grid patterns and reduced setbacks and frontages for homes.  
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3 EVALUATION OF LID EFFECTIVENESS 

3.1 Hydrological Measures 

Enhancements in site drainage from traditional stormwater control measures, such as 
curbs and gutters that eliminate potential on-site flooding, often result in an increase in 
surface runoff. These alterations can cause an increase in volume, frequency and velocity 
of runoff flows, resulting in flooding, high erosion and a reduction in groundwater 
infiltration, as well as a reduction in water quality and habitat degradation. Four 
hydrological functions should be considered when investigating the effectiveness of LID 
practices. The runoff curve number (CN), time of concentration, retention and detention. 
LID techniques and the hydrological design and analysis components are represented in 
(Table 2). 

Table 2: Low Impact Hydrologic Design and Analysis Components (Coffman, 2000) 

LID Practice 

Low Impact Hydrologic Design and Analysis Components 
Lower Post-
Development 

CN Increase Tc Retention Detention 
Flatten Slopes X
Increase Flow Path X
Increase Roughness X
Minimize Disturbances X
Flatten Slopes on Swale X X
Infiltration Swales X X
Vegetative Filter Strips X X X
Disconnected Impervious Areas X X
Reduce Curb and Gutter X X
Rain Barrels X X X
Rooftop Storage X X X
Bioretention X X X
Revegetation X X X
Vegetation Presentation X X X

The runoff potential for a site is characterized by the runoff curve number or CN. One 
method of measuring hydrological function on a developed site is to compare the pre and 
post developed curve number. The CN method is used extensively in the analysis of 
environmental impact and design rainfall-runoff hydrology. The curve number measures 
a watershed or subwatershed's hydrological response and is determined based on soil 
type, land cover and amount of impervious surfaces (Hawkins 1998). A detailed 
evaluation of both proposed and existing land cover is the basis for determining the low-
impact development CN, which is a calculation of the potential for runoff at a 
development site. One of the goals of LID is to design a system so that the post-
developed CN is as close as possible to the predevelopment CN for the site. Limiting the 
percent of imperviousness is one technique to accomplishing this. The runoff coefficient, 
which can be derived from the CN, calculates the percent of rainfall converted to runoff. 
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The time of concentration (Tc) refers to the amount of time it takes for water to travel 
from the most distant point to the watershed outlet. By retaining predevelopment Tc, 
negative impacts associated with development can be reduced. Retention and detention of 
rainfall are the key components of increases in Tc. As the amount of impervious surface 
increases within a site, altering drainage paths, the contribution of total land area to 
excess rainfall increases, causing the time for stormwater to reach downstream outlets to 
decrease. This decrease in Tc reduces the pollutant removal capabilities of the site as well 
as resulting in an increase in the peak runoff rate. Maintaining Tc can be achieved by: 

− Maintaining flow path lengths 

− Increasing surface roughness  

− Detaining flows  

− Minimizing disturbances at the site 

− Flattening grades in impact areas 

− Disconnecting impervious surfaces 

− Connecting pervious surfaces 

3.2 Pollutant Removal Measures 

Changes in site runoff characteristics can contribute to a reduction in water quality and 
degradation of aquatic and terrestrial habitats. LID practices provide a high level of water 
quality treatment controls due to runoff volume control of the "first flush" (first ½ inch) 
of runoff, which contains the highest pollutant loadings. Often LID practices control up 
to the first 2 inches of runoff and therefore treat a much greater volume of annual runoff 
(Coffman, 2000). By increasing the Tc and decreasing the flow velocity, LID practices 
result in a reduction in pollutant transport capacity and overall pollutant loading. Further, 
LID practices support pollution prevention by modifying human activities, which lower 
the introduction of pollutants into the environment. 

LID practices such as bioretention facilities or rain gardens can be used as a mechanism 
for infiltration and pollutant removal, which is performed through physical and biological 
treatment processes occurring in the plant and soil complex. These processes include 
filtration, decomposition, ion exchange, adsorption and volatilization (Dept. of Env. 
Resources, 1993). Pollutant loadings are concentrated in the "first flush" of runoff from 
impervious surfaces and contain grease and oil, nutrients (nitrogen and phosphorous), 
sediments and heavy metals. Pollutant loadings and water quality impacts from 
development have been well documented in numerous studies. Concentrations of 
pollutants are appropriate to look at bio affects, but pollutant loads are better for 
assessing impacts to downstream habitats when cumulative effects are considered 
(Rushton, 1999). Studies should consider investigating both total metals and dissolved 
metals, when analyzing LID practice's effectiveness. 
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4 CASE STUDIES 

The LID "functional landscape" is designed to mimic the predevelopment hydrological 
conditions through runoff volume control, peak runoff rate control, flow 
frequency/duration control and water quality control. Determining effectiveness of LID 
practices can be achieved by evaluating hydrological function and pollutant removal 
capabilities. Little investigation has been done to prove the actual effectiveness of LID in 
retaining predevelopment hydrology and preventing or reducing pollutant loadings 
caused by stormwater runoff on developed sites. LID is a relatively new concept in 
stormwater management and not widely implemented in all areas and climates in the 
United States. Limited research and analysis has been conducted on the various practices, 
due to this limited application. 

The following case studies, though limited, represent the best examples of projects that 
use LID concepts for stormwater management. Both hydrologic and pollutant removal 
effectiveness are investigated. The most significant source for data is Prince George's 
County, Maryland where many of the LID practices were developed and first 
implemented. The Low-Impact Development Center, also located in Maryland, has done 
significant work in design and planning of LID sites. First year data from a two-year 
study of a Tampa, Florida, retrofit parking lot and an on-going permeable pavement 
project in Washington state provide the only long term analysis for the effectiveness of 
LID concepts (permeable pavements and swales) currently available. 
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Restore	  fish	  passage	  for	  steelhead:	  

Restore	  anadromous	  fish	  passage,	  quantified	  as	  1.7	  miles	  
of	  spawning	  and	  rearing	  habitat	  that	  can	  support	  825-‐
1,811	  juvenile	  steelhead	  annually.	  

Monetized	  Benefit-‐
Cost	  Questionnaire	  

DEIR	  p.1	  
DEIR	  p.75	  

Corps	  DPR	  Appendix	  L	  p.10	  
IS/MND	  2002	  p.2	  

7	  
11	  

14-‐15	  
40	  

York	  Creek	  is	  one	  of	  the	  most	  significant	  spawning	  and	  
rearing	  streams	  for	  federally	  listed	  as	  threatened	  Central	  
California	  Coast	  steelhead	  within	  the	  Napa	  Basin.	  
Removing	  the	  reservoir	  will	  allow	  access	  to	  1.7	  miles	  of	  
aquatic	  habitat.	  The	  upper	  reaches	  of	  York	  Creek	  offer	  
high	  quality	  rearing	  and	  spawning	  habitat,	  and	  creating	  
access	  to	  these	  areas	  will	  benefit	  the	  Napa	  River	  
watershed	  steelhead	  population	  as	  a	  whole.	  

Monetized	  Benefit-‐
Cost	  Questionnaire	  
and	  Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

CDFG	  2005	   16-‐17	  

Restore	  sediment	  transport:	  

Restore	  sediment	  delivery	  to	  lower	  York	  Creek	  and	  Napa	  
River.	  Sediment	  accumulates	  in	  the	  reservoir	  at	  a	  rate	  of	  
1,000	  to	  5,000	  cubic	  yards	  per	  year	  depending	  on	  the	  
magnitude	  of	  winter	  storm	  events.	  UYCD	  traps	  all	  the	  
coarse	  sediment	  delivered	  from	  the	  watershed	  upstream	  
of	  the	  dam	  –	  63%	  of	  the	  watershed’s	  sediment	  source	  
area.	  Removal	  of	  UYCD	  will	  allow	  sediment	  produced	  in	  
the	  upper	  watershed	  to	  be	  transported	  through	  the	  lower	  
reaches	  to	  the	  Napa	  River.	  	  

Monetized	  Benefit-‐
Cost	  Questionnaire	  

DEIR	  p.1	  
DEIR	  p.	  134	  

Stillwater	  2002	  

7	  
13	  

18-‐19	  

Disruption	  of	  sediment	  transport	  by	  dams	  has	  been	  
shown	  to	  have	  significant	  geomorphic,	  ecological,	  and	  
economic	  impacts.	  

Economic	  Analysis	  
Key	  Assumptions	  
and	  Data	  Sources	  

Kondolf	  1997	   42-‐44	  

Dams	  intercept	  coarse	  sediment	  and,	  thereby,	  reduce	  
delivery	  to	  downstream	  reaches,	  which	  can	  cause	  bed	  
coarsening	  and	  channel	  incision.	  

Economic	  Analysis	  
Key	  Assumptions	  
and	  Data	  Sources	  

Stillwater	  2002	   18-‐19	  

Restore	  aquatic	  habitat:	  

Restore	  1.7	  miles	  of	  aquatic	  habitat,	  including	  0.30	  acres	  
of	  pool,	  0.33	  acres	  of	  flatwater,	  and	  0.85	  acres	  of	  riffle	  
habitat.	  Restoration	  area	  measurements	  were	  taken	  from	  
conceptual	  project	  plans.	  

Monetized	  Benefit-‐
Cost	  Questionnaire	  

DEIR	  p.1	  
DEIR	  p.86	  

Corps	  DPR	  2006	  Sheet	  5	  

7	  
12	  
41	  

Removal	  of	  Upper	  York	  Creek	  Dam	  will	  provide	  access	  to	  
an	  additional	  1.7	  miles	  of	  fish	  spawning	  and	  rearing	  
habitat	  for	  federally	  listed	  steelhead.	  

Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

DEIR	  p.1	   7	  

The	  restored	  spawning	  and	  rearing	  habitat	  in	  upper	  York	  
Creek	  has	  an	  estimated	  carrying	  capacity	  of	  825-‐1,811	  
juvenile	  steelhead	  annually	  

Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

Corps	  DPR	  Appendix	  L	  p.10	   14-‐15	  
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Ocean	  survival	  rates	  of	  Napa	  River	  steelhead	  smolt	  are	  
estimated	  to	  range	  between	  15-‐25%	  	  

Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

Koehler	  2012	  p.12	   45-‐46	  

Restore	  riparian	  habitat:	  

Restore	  2.0	  acres	  of	  riparian	  habitat,	  quantified	  as	  0.4	  
acres	  of	  streambank,	  0.5	  acres	  of	  terrace,	  and	  1.1	  acres	  of	  
riparian	  zone.	  Restoration	  area	  measurements	  were	  taken	  
from	  conceptual	  project	  plans.	  

Monetized	  Benefit-‐
Cost	  Questionnaire	  

DEIR	  p.86	  
Corps	  DPR	  2006	  Sheet	  5	  

12	  
41	  

Sequester	  carbon	  emissions:	  

Sequester	  280	  metric	  tons	  CO2	  by	  2100	  that	  would	  not	  
occur	  without	  project	  implementation	  due	  to	  on-‐going	  
disturbance	  to	  trees	  during	  maintenance.	  Carbon	  
sequestration	  was	  estimated	  using	  tables	  for	  Northwest,	  
West	  Alder/Maple	  forests.	  Only	  live	  tree	  sequestration	  
was	  included.	  

Monetized	  Benefit-‐
Cost	  Questionnaire	  

Smith	  2006	  	   20-‐22	  

Estimates	  of	  potential	  carbon	  sequestration	  were	  
developed	  using	  tables	  for	  Northwest,	  West	  Alder/Maple	  
forests	  from	  Smith	  et.	  al.	  2006.	  

Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

Smith	  2006	   20-‐22	  

The	  current	  social	  value	  of	  carbon	  sequestration	  in	  
California	  is	  estimated	  at	  $13	  per	  ton	  (Shaw,	  2009),	  
increasing	  at	  a	  real	  rate	  of	  2.5%	  per	  year	  (Nordhaus,	  
2008).	  

Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

Shaw	  2008	  

Nordhaus	  2008	  
23-‐31	  
32-‐33	  

Eliminate	  risk	  of	  future	  spills	  to	  protect	  downstream	  habitat:	  

Eliminate	  potential	  for	  future	  downstream	  habitat	  
degradation	  and	  fish	  kills.	  Downstream	  release	  of	  fine	  
sediments	  trapped	  behind	  Upper	  York	  Creek	  Dam	  pose	  
significant	  risk	  to	  aquatic	  species.	  

Monetized	  Benefit-‐
Cost	  Questionnaire	  
and	  Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

DEIR	  p.4	   9	  

Downstream	  release	  of	  fine	  sediments	  trapped	  behind	  
Upper	  York	  Creek	  Dam	  pose	  significant	  risk	  to	  aquatic	  
species.	  	  Prior	  to	  1993	  when	  annual	  maintenance	  and	  
periodic	  dredging	  were	  begun,	  there	  were	  four	  recorded	  
sediment	  releases	  (1965,	  1973,	  1975,	  1992),	  resulting	  in	  
significant	  downstream	  fish	  kills	  (Hunter	  1992).	  

Monetized	  Benefit-‐
Cost	  Questionnaire	  
and	  Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

CDFG	  1992	  p.1	   34-‐37	  

Eliminate	  annual	  costs	  of	  No	  Project	  Alternative:	  

Eliminate	  annual	  costs	  ($145,783)	  for	  dam	  maintenance	  
and	  annual	  NMFS	  assessment	  for	  blocking	  salmonid	  
migration.	  Dam	  maintenance	  costs	  average	  $125,783	  per	  
year,	  plus	  $20,000	  assessment	  from	  NMFS.	  

Monetized	  Benefit-‐
Cost	  Questionnaire	  
and	  Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

Costs	  Memo	  2013	   38	  
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Related	  information:	  

To	  avoid	  overestimating	  potential	  benefits	  and	  to	  account	  
for	  inherent	  uncertainty	  in	  both	  the	  expected	  increase	  in	  
the	  adult	  salmonid	  population	  and	  WTP	  estimates,	  a	  value	  
of	  $2,000	  per	  fish	  is	  used	  to	  value	  the	  restoration	  of	  fish	  
spawning	  and	  rearing	  habitat	  above	  Upper	  York	  Creek	  
Dam.	  

Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

ECON	  2009	   47-‐52	  

Economic	  values	  for	  restored	  riparian	  habitat	  vary	  widely	  
and	  depend	  on	  many	  factors.	  	  At	  the	  very	  low	  end	  of	  the	  
value	  range,	  Chiabai	  et	  al.	  (2009)	  report	  a	  value	  of	  
$128/acre/yr	  for	  restored	  riparian.	  

Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

Chiabai	  2009	   53-‐55	  

Woodward	  &	  Wui	  (2001)	  report	  values	  between	  $218	  and	  
$2,256/acre/yr	  for	  freshwater	  wetland	  

Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

Woodward	  2001	   56-‐58	  

	  



Prunuske Chatham, Inc

Design and Construction Cost Estimate

Summary Sheet

1/25/2013

Cost Element Cost
Prime Contractor Labor $1,354,472 
Prime Contractor Equipment $264,439 
Prime Contractor Materials $440,741 
Subcontractors $2,056,527 
Construction Subtotal $4,116,179 
Design $240,000 
Permits $50,000 
Contractor Procurement $10,000 
Construction Mngmnt Special Inspection $120,000 
Design Permit CM Subtotal $420,000 
Total $4,536,179 

Notes

Stream flow at April 15 is 5cfs or less
Round trip to SMV is 0.5 hours
A 10 Wheel dump truck can enter and exit the site every 5 minutes for 9 hours per day for about 2.5 months

Upper York Creek Dam Removal

Cost Estimate

Channel Bed material is supplied 30% from on-site material and 70% trucked in from a quarry
Spring Mountain Road Repair has a WAG for budget, see subcontractor work sheet
Erosion control blanket installation assumes a maximum use of blanket
10 woody debris structures assumed, complexity of each structure assumed to be medium
There are no toxic waste materials

Project provides spoil pile management at SMV
Need to confirm feasibility of SMV accepting all soil (approximately 30,000 to 40,000 yards)
Landslide stabilization design is conceptual and assumed 22 ISAs 50'-100' deep
Channel bed design is conceptual

All spoils are accepted by Spring Mountain Vineyard (SMV), no spoils go to LYCD or to Clover Flat
SMV prepares stockpile site at no cost to project
SMV handles its own erosion control at stockpile
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the incised current level of the mainstem Napa River.  In some cases, smaller tributaries cutting 
across the valley floor have not fully adjusted to the lowered level of the mainstem and are 
elevated at their confluence with the mainstem, forming potential barriers to upstream fish 
migration referred to as “hanging tributaries.” 
 
Based on field reconnaissance of Napa River tributaries, we conclude that pools appear to be less 
frequent than would be expected under historical conditions, where large woody debris loading 
would have created obstructions and forced deep pools to form. Our field observations in several 
tributaries, particularly those on the west side, indicate that large woody debris loading (amount 
per length of channel) is much lower than would be typical of streams in unmanaged mixed 
evergreen forests.  Although the history of wood removal from the Napa River and its tributaries 
is poorly known (there are some records of stream clearing projects in the 1960s and 1970s), 
large woody debris has likely been reduced by direct removal from many or most streams for a 
variety of reasons. The reduction in large woody debris loading has likely increased the mobility 
of spawning gravels and reduced the diversity of in-channel habitats in Napa River tributaries.  
Additionally, loss of large woody debris has likely reduced cover for juvenile steelhead rearing in 
tributaries.  A channel lacking sufficient deep-water refugia would likely increase exposure of 
fish to higher temperatures and greater predation pressure by terrestrial predators such as birds, 
snakes, and mammals. Large woody debris may also be reduced because of increases in the 
magnitude and duration of peak flows capable of dislodging debris jams, possibly as a result of 
land use changes. 
 
Several large dams were built between 1924 and 1959 on major eastside tributaries (Conn, 
Rector, Milliken, and Bell dams) and the northern headwaters of the Napa River (Kimball Dam). 
In addition, many smaller dams can be found throughout the basin. Many of these dams intercept 
coarse sediment supply, and thereby reduce delivery to downstream reaches, which can cause bed 
coarsening and channel incision (although incision may be limited by bedrock and bed 
coarsening).  
 
6.2 Sediment-Related Impacts on Salmonid Habitat 
 
We examined sediment-related impacts on salmonid habitat in the Napa River watershed by 
examining factors that are: (1) known to affect salmonid reproductive success directly, (2) 
targeted by proposed habitat rehabilitation efforts, and (3) cost-effective and efficient given the 
size of the study area.  Sediment-related factors evaluated during Phase I included:  
 

• Turbidity (which can affect salmonid feeding efficiency, growth, and survival);  
• Spawning gravel permeability in the mainstem and the tributaries (which affects survival-

to-emergence of steelhead and Chinook salmon eggs);  
• Bed mobility in the mainstem (which also affects survival-to-emergence for steelhead 

and Chinook); and  
• Filling of pools in the tributaries (which reduces the quality and quantity of juvenile 

rearing habitat). 
 
6.2.1 Turbidity and Juvenile Feeding and Growth 
 
High turbidity and suspended sediment concentrations can have detrimental effects on aquatic 
biota in river systems (e.g., Bisson and Bilby 1982, Berg and Northcote 1985, Newcombe and 
Jensen 1996).  While very high turbidity levels may cause acute physiological stress and tissue 
damage to some aquatic organisms during peak flows, fish tend to survive high turbidity levels 



	  

	  

	  

2013	  IRWMP	  	  

St.	  Helena	  Upper	  York	  Creek	  Dam	  Removal	  

and	  Ecosystem	  Restoration	  Project	  

	  

Selected	  Reference	  Materials	  
	  



	  

The	  “Original	  Location”	  references	  include:	  

Acronym	  Used	  Below	   Full	  Citation	  

CDFG	  1992	  
California	  Department	  of	  Fish	  and	  Game.	  1992.	  Brian	  Hunter	  Letter	  to	  City	  of	  St.	  Helena,	  July	  30,	  
1992.	  

CDFG	  2005	   California	  Department	  of	  Fish	  and	  Game.	  2005.	  Central	  Napa	  River	  Watershed	  Project,	  Salmonid	  
Habitat	  Form	  and	  Function.	  Prepared	  by	  Napa	  County	  Resource	  Conservation	  District.	  

Chiabai	  2009	  	  
Chiabai,	  A.,	  C.	  Travisi,	  H.	  Ding,	  et	  al.	  Economic	  Valuation	  of	  Forest	  Ecosystem	  Services'	  
Methodology	  and	  Monetary	  Estimates.	  Fondazione	  Eni	  Enrico	  Mattei	  Working	  Paper	  No.	  2009.	  
12.	  

Corps	  DPR	  2006	  
U.S.	  Army	  Corps	  of	  Engineers	  (Corps).	  2006.	  Draft	  Detailed	  Project	  Report:	  Upper	  York	  Creek	  
Ecosystem	  Restoration	  Project,	  Napa	  County,	  California	  (DPR).	  U.S.	  Army	  Corps	  of	  Engineers,	  San	  
Francisco	  District,	  South	  Pacific	  Division.	  December	  15,	  2006.	  	  	  

Costs	  Memo	  2013	   Prunuske	  Chatham,	  Inc.	  2013.	  Memo	  to	  File:	  Upper	  York	  Creek	  Dam	  Annual	  No	  Project	  
Alternative	  Costs.	  January	  24,	  2013.	  

DEIR	  2007	   City	  of	  St.	  Helena.	  2007a.	  Draft	  Environmental	  Impact	  Report,	  Upper	  York	  Creek	  Ecosystem	  
Restoration	  Project,	  Napa	  County,	  California.	  April	  20,	  2007.	  	  

ECON	  2009	   ECONorthwest.	  2009.	  The	  Economic	  Values	  of	  Rogue	  River	  Salmon.	  January	  2009.	  

H&H	  2007	   City	  of	  St.	  Helena.	  2007b.	  Lower	  York	  Creek	  Hydrologic	  and	  Hydraulic	  Assessment	  Summary	  
Report.	  July	  5,	  2007.	  	  

IS/MND	  2002	   City	  of	  St.	  Helena.	  2002.	  Initial	  Study/Proposed	  Mitigated	  Negative	  Declaration	  For	  the	  York	  Creek	  
Dam	  Removal	  and	  Stream	  Restoration	  Project,	  Napa	  County,	  California.	  

Koehler	  2012	   Koehler,	  J.,	  &	  Blank,	  P.	  (2012).	  Napa	  River	  Steelhead	  and	  Salmon	  Monitoring	  Program:	  2011-‐2012	  
Season.	  Napa,	  California:	  Napa	  County	  Resource	  Conservation	  District.	  

Kondolf	  1997	   Kondolf,	  G.	  1997.	  Hungry	  Water:	  Effects	  of	  Dams	  and	  Gravel	  Mining	  on	  River	  Channels.	  
Environmental	  Management	  Vol.	  21,	  No.	  4,	  pp.	  533–551	  

Nordhaus	  2008	   Nordhaus,	  W.	  2008.	  A	  Question	  of	  Balance:	  Weighing	  the	  Options	  on	  Global	  Warming	  Policies.	  
New	  Haven:	  Yale	  University	  Press.	  

Shaw	  2008	   Shaw,	  M.,	  L.	  Pendleton,	  D.	  Cameron,	  et	  al.	  2009.	  The	  Impact	  of	  Climate	  Change	  on	  California's	  
Ecosystem	  Services.	  California	  Climate	  Change	  Center.	  CEC-‐500-‐2009-‐025-‐F.	  

Smith	  2006	  

Smith,	  James	  E.,	  Linda	  S.	  Heath,	  Kenneth	  E.	  Skog,	  Richard	  A.	  Birdsey.	  2006.	  Methods	  for	  
Calculating	  Forest	  Ecosystem	  and	  Harvested	  Carbon	  with	  Standard	  Estimates	  for	  Forest	  Types	  of	  
the	  United	  States.	  United	  States	  Department	  of	  Agriculture,	  Forest	  Service,	  Northeastern	  
Research	  Station.	  General	  Technical	  Report	  NE-‐343.	  Appendix	  A,	  Table	  B21.	  

Stillwater	  2002	   Stillwater	  Sciences	  and	  William	  Dietrich.	  2002.	  Napa	  River	  Basin	  Limiting	  Factors	  Analysis	  Final	  
Technical	  Report.	  June	  14,	  2002	  

Woodward	  2001	   Woodward,	  W.	  and	  Y.	  Wui.	  2001.	  "Economic	  Value	  of	  Wetland	  Services:	  A	  Meta-‐Analysis."	  
Ecological	  Economics	  37:	  257-‐270.	  

	  
	   	  



	  

Benefit/Background	  
Location	  in	  
Application	  	  

Original	  Reference	  
Page	  
Herein	  

Restore	  fish	  passage	  for	  steelhead:	  

Restore	  anadromous	  fish	  passage,	  quantified	  as	  1.7	  miles	  
of	  spawning	  and	  rearing	  habitat	  that	  can	  support	  825-‐
1,811	  juvenile	  steelhead	  annually.	  

Monetized	  Benefit-‐
Cost	  Questionnaire	  

DEIR	  p.1	  
DEIR	  p.75	  

Corps	  DPR	  Appendix	  L	  p.10	  
IS/MND	  2002	  p.2	  

7	  
11	  

14-‐15	  
40	  

York	  Creek	  is	  one	  of	  the	  most	  significant	  spawning	  and	  
rearing	  streams	  for	  federally	  listed	  as	  threatened	  Central	  
California	  Coast	  steelhead	  within	  the	  Napa	  Basin.	  
Removing	  the	  reservoir	  will	  allow	  access	  to	  1.7	  miles	  of	  
aquatic	  habitat.	  The	  upper	  reaches	  of	  York	  Creek	  offer	  
high	  quality	  rearing	  and	  spawning	  habitat,	  and	  creating	  
access	  to	  these	  areas	  will	  benefit	  the	  Napa	  River	  
watershed	  steelhead	  population	  as	  a	  whole.	  

Monetized	  Benefit-‐
Cost	  Questionnaire	  
and	  Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

CDFG	  2005	   16-‐17	  

Restore	  sediment	  transport:	  

Restore	  sediment	  delivery	  to	  lower	  York	  Creek	  and	  Napa	  
River.	  Sediment	  accumulates	  in	  the	  reservoir	  at	  a	  rate	  of	  
1,000	  to	  5,000	  cubic	  yards	  per	  year	  depending	  on	  the	  
magnitude	  of	  winter	  storm	  events.	  UYCD	  traps	  all	  the	  
coarse	  sediment	  delivered	  from	  the	  watershed	  upstream	  
of	  the	  dam	  –	  63%	  of	  the	  watershed’s	  sediment	  source	  
area.	  Removal	  of	  UYCD	  will	  allow	  sediment	  produced	  in	  
the	  upper	  watershed	  to	  be	  transported	  through	  the	  lower	  
reaches	  to	  the	  Napa	  River.	  	  

Monetized	  Benefit-‐
Cost	  Questionnaire	  

DEIR	  p.1	  
DEIR	  p.	  134	  

Stillwater	  2002	  

7	  
13	  

18-‐19	  

Disruption	  of	  sediment	  transport	  by	  dams	  has	  been	  
shown	  to	  have	  significant	  geomorphic,	  ecological,	  and	  
economic	  impacts.	  

Economic	  Analysis	  
Key	  Assumptions	  
and	  Data	  Sources	  

Kondolf	  1997	   42-‐44	  

Dams	  intercept	  coarse	  sediment	  and,	  thereby,	  reduce	  
delivery	  to	  downstream	  reaches,	  which	  can	  cause	  bed	  
coarsening	  and	  channel	  incision.	  

Economic	  Analysis	  
Key	  Assumptions	  
and	  Data	  Sources	  

Stillwater	  2002	   18-‐19	  

Restore	  aquatic	  habitat:	  

Restore	  1.7	  miles	  of	  aquatic	  habitat,	  including	  0.30	  acres	  
of	  pool,	  0.33	  acres	  of	  flatwater,	  and	  0.85	  acres	  of	  riffle	  
habitat.	  Restoration	  area	  measurements	  were	  taken	  from	  
conceptual	  project	  plans.	  

Monetized	  Benefit-‐
Cost	  Questionnaire	  

DEIR	  p.1	  
DEIR	  p.86	  

Corps	  DPR	  2006	  Sheet	  5	  

7	  
12	  
41	  

Removal	  of	  Upper	  York	  Creek	  Dam	  will	  provide	  access	  to	  
an	  additional	  1.7	  miles	  of	  fish	  spawning	  and	  rearing	  
habitat	  for	  federally	  listed	  steelhead.	  

Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

DEIR	  p.1	   7	  

The	  restored	  spawning	  and	  rearing	  habitat	  in	  upper	  York	  
Creek	  has	  an	  estimated	  carrying	  capacity	  of	  825-‐1,811	  
juvenile	  steelhead	  annually	  

Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

Corps	  DPR	  Appendix	  L	  p.10	   14-‐15	  
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Ocean	  survival	  rates	  of	  Napa	  River	  steelhead	  smolt	  are	  
estimated	  to	  range	  between	  15-‐25%	  	  

Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

Koehler	  2012	  p.12	   45-‐46	  

Restore	  riparian	  habitat:	  

Restore	  2.0	  acres	  of	  riparian	  habitat,	  quantified	  as	  0.4	  
acres	  of	  streambank,	  0.5	  acres	  of	  terrace,	  and	  1.1	  acres	  of	  
riparian	  zone.	  Restoration	  area	  measurements	  were	  taken	  
from	  conceptual	  project	  plans.	  

Monetized	  Benefit-‐
Cost	  Questionnaire	  

DEIR	  p.86	  
Corps	  DPR	  2006	  Sheet	  5	  

12	  
41	  

Sequester	  carbon	  emissions:	  

Sequester	  280	  metric	  tons	  CO2	  by	  2100	  that	  would	  not	  
occur	  without	  project	  implementation	  due	  to	  on-‐going	  
disturbance	  to	  trees	  during	  maintenance.	  Carbon	  
sequestration	  was	  estimated	  using	  tables	  for	  Northwest,	  
West	  Alder/Maple	  forests.	  Only	  live	  tree	  sequestration	  
was	  included.	  

Monetized	  Benefit-‐
Cost	  Questionnaire	  

Smith	  2006	  	   20-‐22	  

Estimates	  of	  potential	  carbon	  sequestration	  were	  
developed	  using	  tables	  for	  Northwest,	  West	  Alder/Maple	  
forests	  from	  Smith	  et.	  al.	  2006.	  

Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

Smith	  2006	   20-‐22	  

The	  current	  social	  value	  of	  carbon	  sequestration	  in	  
California	  is	  estimated	  at	  $13	  per	  ton	  (Shaw,	  2009),	  
increasing	  at	  a	  real	  rate	  of	  2.5%	  per	  year	  (Nordhaus,	  
2008).	  

Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

Shaw	  2008	  

Nordhaus	  2008	  
23-‐31	  
32-‐33	  

Eliminate	  risk	  of	  future	  spills	  to	  protect	  downstream	  habitat:	  

Eliminate	  potential	  for	  future	  downstream	  habitat	  
degradation	  and	  fish	  kills.	  Downstream	  release	  of	  fine	  
sediments	  trapped	  behind	  Upper	  York	  Creek	  Dam	  pose	  
significant	  risk	  to	  aquatic	  species.	  

Monetized	  Benefit-‐
Cost	  Questionnaire	  
and	  Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

DEIR	  p.4	   9	  

Downstream	  release	  of	  fine	  sediments	  trapped	  behind	  
Upper	  York	  Creek	  Dam	  pose	  significant	  risk	  to	  aquatic	  
species.	  	  Prior	  to	  1993	  when	  annual	  maintenance	  and	  
periodic	  dredging	  were	  begun,	  there	  were	  four	  recorded	  
sediment	  releases	  (1965,	  1973,	  1975,	  1992),	  resulting	  in	  
significant	  downstream	  fish	  kills	  (Hunter	  1992).	  

Monetized	  Benefit-‐
Cost	  Questionnaire	  
and	  Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

CDFG	  1992	  p.1	   34-‐37	  

Eliminate	  annual	  costs	  of	  No	  Project	  Alternative:	  

Eliminate	  annual	  costs	  ($145,783)	  for	  dam	  maintenance	  
and	  annual	  NMFS	  assessment	  for	  blocking	  salmonid	  
migration.	  Dam	  maintenance	  costs	  average	  $125,783	  per	  
year,	  plus	  $20,000	  assessment	  from	  NMFS.	  

Monetized	  Benefit-‐
Cost	  Questionnaire	  
and	  Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

Costs	  Memo	  2013	   38	  
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Related	  information:	  

To	  avoid	  overestimating	  potential	  benefits	  and	  to	  account	  
for	  inherent	  uncertainty	  in	  both	  the	  expected	  increase	  in	  
the	  adult	  salmonid	  population	  and	  WTP	  estimates,	  a	  value	  
of	  $2,000	  per	  fish	  is	  used	  to	  value	  the	  restoration	  of	  fish	  
spawning	  and	  rearing	  habitat	  above	  Upper	  York	  Creek	  
Dam.	  

Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

ECON	  2009	   47-‐52	  

Economic	  values	  for	  restored	  riparian	  habitat	  vary	  widely	  
and	  depend	  on	  many	  factors.	  	  At	  the	  very	  low	  end	  of	  the	  
value	  range,	  Chiabai	  et	  al.	  (2009)	  report	  a	  value	  of	  
$128/acre/yr	  for	  restored	  riparian.	  

Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

Chiabai	  2009	   53-‐55	  

Woodward	  &	  Wui	  (2001)	  report	  values	  between	  $218	  and	  
$2,256/acre/yr	  for	  freshwater	  wetland	  

Monitoring,	  
Assessment,	  and	  
Performance	  
Measures	  

Woodward	  2001	   56-‐58	  
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1 Proposed Action 

1.1 Project Description and Objectives 
The Upper York Creek Ecosystem Restoration Project is jointly sponsored by the City of St. Helena 
(City) and the U.S. Army Corps of Engineers (Corps). The project involves alteration or removal 
of the Upper St. Helena Dam and restoration of the former reservoir area into a natural creek 
channel and native riparian corridor. Project objectives include: 
 

• Improved fish passage and habitat connectivity. The project will provide upstream 
passage to 1.7 miles of spawning and rearing habitat for steelhead (Oncorhynchus mykiss) 
and habitat connectivity for both anadromous and resident fish and other aquatic and 
riparian species. 

 
• Reduced future downstream habitat degradation and fish kills. The project will 

prevent potentially detrimental sediment releases during summer low-flow conditions 
that have caused fish and aquatic organism kills in the past. It will provide a permanent 
solution to prevent short-term aquatic habitat impairment associated with possible dam 
breach/failure. 

 
• Habitat restoration. The project will restore approximately 3 acres of degraded riparian 

and aquatic habitat within the existing upper dam and reservoir area. Restoration of 
natural sediment transport processes will occur through the project site, with potential 
habitat improvement occurring in downstream reaches of York Creek and the Napa 
River. Disturbed areas in the project site will be revegetated with a palette of multistory 
native plants. A diversity of habitats for aquatic, riparian, and terrestrial animals will be 
provided.  

1.2 Project Location 
The proposed project is located on the western edge of the Napa Valley near the City of St. 
Helena. The Napa River runs north to south on the east side of the City, and several of its 
tributaries flow through the City eastward from the hills of the Mayacmas Mountains. The 
primary project site is on York Creek, which is one of these tributaries. The proposed project 
will take place at the Upper York Creek Dam and Reservoir (Upper St. Helena Dam), which is 
located at 38º 30’ 48” N, 122º 30’ 9” W, in the SW , Section 26, Range 6 West, Township 8 
North, Mt. Diablo Base and Meridian of the USGS St. Helena Quadrangle, St. Helena, Napa 
County, California (Figure 1). The project area is zoned AW (Agriculture, Watershed or Open 
Space Lands).  
 
The project area also includes 3 ancillary sites that are under consideration for reuse or disposal 
of materials removed during project activities: an adjacent private vineyard, Lower York Creek 
Reservoir (LYCR or lower reservoir), and Clover Flat landfill. Spring Mountain Vineyard (SMV) 
is accessed from 2805 Spring Mountain Road, which is located approximately 0.5 miles 
downhill and south of the upper reservoir; there is also an access road approximately 0.5 miles 
uphill. The lower reservoir is located less than 0.5 miles downhill on the east side of Spring 
Mountain Road. Clover Flat is located at 4380 Silverado Trail near Calistoga, 8.5 miles north of 
the main project site. 
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1.3 Characteristics of the Project Area 
York Creek runs approximately 7.24 miles from its headwaters to its confluence with the Napa 
River (Corps 2006b). It descends steeply over the first portion of its range then flattens out as it 
crosses the floodplain of the Napa River. It drains a watershed of approximately 4.4 square 
miles (Watershed Information and Conservancy Center of Napa County). At the site of the 
upper reservoir, York Creek traverses a steep valley cut from serpentinite and sheared shale. 
Vegetation is a mixture of redwood forest, mixed evergreen forest, riparian woodland, foothill 
pine-oak woodland, freshwater wetland, non-native grassland, vineyards, and ruderal areas.  
 
According to the Napa County Resource Conservation District (NCRCD), York Creek is one of 
the most significant spawning and rearing streams in the Napa River watershed for Central 
California Coast ESU steelhead, which are listed as threatened under the federal Endangered 
Species Act. It has been designated as critical habitat for steelhead by NOAA Fisheries Service. 
The Napa River watershed is considered one of the key anadromous fish streams within the San 
Francisco Bay (NCRCD 2005).  
 
The Upper St. Helena Dam is a total barrier to fish passage. It is comprised of an earthen 
structure, 140 feet wide and 50 feet high. The outlet is a standpipe that collects water near the 
downstream edge of the reservoir and discharges it through a stone culvert in the bottom center 
of the dam. The reservoir behind the dam is full of sediment (approximately 28,000 cubic yards, 
essentially eliminating any water storage capacity) and is no longer used to provide water for 
the City’s needs. The dam itself is made up of approximately 12,000 cubic yards of material. 
(Corp 2006a) 
 
There are two spillways: the original on the south and a newer, functioning spillway between 
the reservoir and Spring Mountain Road that was built in 1933. The left wall of the newer 
spillway (looking downstream) provides structural support to the road, which connects St. 
Helena to Santa Rosa in Sonoma County.  
 
The reuse site at Spring Mountain Vineyard is a fallow field adjacent to the upper reservoir that 
will be replanted with grape vines. Lower York Creek Reservoir currently has a storage capacity 
of approximately 156 acre-feet; it provides untreated water for a portion of the City’s 
agricultural irrigation and construction water demands. The approved disposal facility being 
considered is Clover Flat landfill, which is located approximately 8.5 miles from the upper 
reservoir.  

1.4 Project Background and History 
York Creek was first dammed in 1871. The current dam was built upstream of the original 
reservoir in 1900 to extend the City’s water delivery system to match its expanding 
development (Eastman 2003). In 1933, a new concrete overflow spillway was added along the 
eastern edge of the reservoir and dam immediately adjacent to Spring Mountain Road, the crest 
of the dam was raised 15 feet to its current height of 50 feet, the standpipe outlet was installed, 
and other incidental modifications were made.  
 
On July 28, 1992, during routine maintenance of the reservoir outlet, there was an accidental 
sediment discharge downstream of the dam. This significant release resulted in a silt discharge 
within the streambed from the face of the dam to York Creek’s confluence with the Napa River. 
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The depth of the silt varied from heavy deposits (up to 18 inches) just below the dam and 
continuing downstream for about 0.5 miles, gradually thinning until only a light covering of 
fine silt was deposited at the confluence with the Napa River. According to a CDFG letter dated 
July 30, 1992, this sediment release was the fourth since 1965. In each incidence, “dense 
anaerobic sediments, high in toxic hydrogen sulfide, were released from the dam and deposited 
in pools and riffle areas downstream, quickly suffocating and burying all fish and aquatic 
invertebrates within a mile or more of the dam.” 
 
After this discharge, CDFG filed a complaint with the Napa County District Attorney. In 
September of 1992, CDFG and the City concluded that the City should remove the existing 
earthen dam structure on York Creek. An agreement was signed obligating the City to remove 
the dam, stabilize silt, remove silt that had filtered downstream, and take certain precautions to 
preserve the stability and natural character of the area.  
 
In October 1993, the City applied to the Corps Regulatory Branch for a federal Clean Water Act 
Section 404 permit to remove the dam. This application and a revised application in 1994 were 
determined to be incomplete. At the time of the initial 1993-1994 coordination with the Corps, 
steelhead in the central California coast Evolutionarily Significant Unit (CCC ESU) were not yet 
listed pursuant to the federal ESA, and the Corps was not obligated to initiate consultation with 
NOAA Fisheries Service.  
 
On August 18, 1997, NOAA Fisheries Service listed CCC ESU steelhead as threatened with loss 
of habitat and threats to their current range. In August of 1998, the City sent a letter to Corps 
Regulatory Branch requesting that they reactivate the previous permit application for dam 
removal. This request was declined, citing lack of adequate information to evaluate impacts to 
the aquatic environment from the project.  
 
In October 2000, a letter was sent from NOAA Fisheries Service law enforcement to the City 
Manager that provided clarification about the City’s potential liabilities under the ESA if the 
Upper St. Helena Dam were to remain in place. On November 21, 2000, the City Attorney sent 
NOAA Fisheries Service, Corps Regulatory Branch, CDFG, and the Napa County District 
Attorney a letter explaining that it was the City Council’s position that the Upper St. Helena 
Dam should at least be breached to allow fish passage and that “the downstream diversion 
structure should be modified so that it is not a barrier or impediment to the passage of 
steelhead 5.” 
 
Representatives from NOAA Fisheries Service, the City, Department of Water Resources 
(DWR), CDFG, Corps Regulatory, Corps Civil Works, and the Napa County District Attorney’s 
Office attended a meeting in early 2001 to discuss the project. DWR representatives stated their 
intention to assist the City by providing planning and permitting services for the project to 
modify the diversion structure and to remove the Upper St. Helena Dam. Because in-stream 
work and dewatering were necessary to correct the adverse effects on steelhead, NOAA 
Fisheries Service advised that the dam removal or modification project would require formal 
consultation under Section 7 of the federal ESA.  

                                                        
5  The City removed the lower diversion in 2004. One-half mile of aquatic habitat was opened to the base 

of the Upper St. Helena Dam. The modifications involved removal of the concrete structure, creation of 
cascading steps with resting pools, bank stabilization, and revegetation with native species. 
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downstream migration of smolts, as well as local migration and dispersal of other aquatic 
species. In addition, the fish ladder is expected to clog with sediment and debris 4 to 7 times 
each winter, thereby further restricting steelhead passage (Corps 2006a).  
 
The Fish Ladder Alternative allows for the removal of 37% of the sediment behind the dam and 
removal of 52% of the actual dam structure. The alternative offers limited sediment transport, 
which paradoxically improves when the ladder is allowed to fill up with debris. The Fish 
Ladder Alternative would have little impact on the existing support structures for Spring 
Mountain Road, and, therefore, no additional geotechnical stabilization measures would be 
required (Section 3.5, Geology, Soils, Landslides, and Seismic Activity).  
 
Construction of the fish ladder would generate approximately 19,000 cubic yards of materials: 
1,000 from downstream of the dam, 8,000 cubic yards of dam material, and 10,000 yards of 
sediment (Corps 2006a). 
 
Upstream of the ladder, a stream channel would be reconstructed on top of approximately 12 
feet of sediment with a gradient of 3% instead of the 5% gradient in both the Small Notch and 
Full Removal Alternatives. Slopes created by sediment removal would be planted with native 
trees and shrubs. The Fish Ladder Alternative would include 0.4 acres of bank zone, 0.9 acres of 
terrace zone, and 0.6 acres of riparian influenced slope for a total of 1.9 acres of restored habitat 
acreage (Corps 2006a). Not including the fish ladder itself, slightly less than 1.5 acres of 
steelhead spawning and rearing habitat would be opened. 
 
2.2.5 Summary of Alternatives 

Table 2. Comparison of Objectives Met in Relation to Each Alternative. 
 

Alternative Objectives Constraint 

 Improve aquatic 
passage 

Provide natural 
sediment 
transport 

Reduce future 
downstream 
fish kills and 
habitat 
degradation 

Habitat 
restoration Slope stability 

No Project No No No No No change 

Small Notch 

Yes. Equivalent 
to natural up- 
and 
downstream 
conditions 

Yes Eliminates threat 
of sediment spill 

2.0 acres of 
restored riparian 
habitat and 1.7 
miles of restored 
creek in historic 
channel 

Requires 
reinforcement 
measures 

Full Removal 
Yes. Equivalent 
to natural up- 
and downstream 
conditions 

Yes Eliminates threat 
of sediment spill 

2.2 acres of 
restored riparian 
habitat and 1.7 
miles of restored 
creek in historic 
channel 

Requires highest level 
of reinforcement 
measures 
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called rainbow trout. Unlike steelhead, rainbow trout are not protected under the federal 
Endangered Species Act.  
 
Environmental requirements for steelhead vary by season and life stage. Optimal water 
temperatures for steelhead range from 10 to 15°C, with an upper lethal limit of 20°C. Rearing 
salmonids require a high level of dissolved oxygen, at least 80%, with a minimum temporary 
reduction no lower than 5.0 mg/l. Deposited and suspended sediment plays a significant role in 
their ability to successfully spawn and rear. Optimal upstream migration water velocities range 
from 40 to 90 cm/s and a minimum stream depth of 13 cm. 
 
Population Estimates 
 

“Napa River steelhead populations have been greatly reduced from historical levels. It is 
estimated that the Napa River watershed supported a population of approximately 8,000 
adult steelhead as recently as 100 years ago. The current steelhead population is 
unknown due to a lack of quantitative data. Recent basin wide surveys estimate the 
population to be between 200 and 1,000 adult steelhead (Stillwater Sciences, 2002; 
EcoTrust, 2001). NOAA Fisheries listed steelhead as a threatened species in Napa 
County in August 1997. Spawning adult steelhead are still documented each year by 
landowners and agencies, and most tributaries to the Napa River appear to be well 
seeded with juveniles (EcoTrust, 2001). Despite reduced populations, the Napa River 
watershed is considered one of the most significant anadromous fish streams within San 
Francisco Bay (Leidy et al., 2005) (RCD, 2005).” (Corps 2006b) 

 
York Creek is known to support Central California Coast steelhead. Habitat surveys by NOAA 
Fisheries Service and CDFG, completed during the summers of 2000 and 2002, found abundant 
steelhead downstream of the dam and resident rainbow trout above the dam (Corps 2006b). 
Snorkel surveys conducted in the summer of 2004, by Napa County RCD, found moderate 
densities of juvenile steelhead and larger resident rainbow trout in most reaches (Corps 2006b). 
In summer 2005, as part of the York Creek Diversion Modification project, a 120-foot reach of 
stream channel was dewatered to facilitate construction. Sixty-four steelhead were captured 
within the work area and relocated (PCI 2004). In summer 2006, the Upper York Creek 
Reservoir was dewatered to facilitate routine maintenance and sediment removal above the 
dam. In a 500-foot reach of stream channel, 12 rainbow trout were captured and released 
upstream (PCI 2006b). There are no reports of stocking trout in York Creek by CDFG (Corps 
2006b). 
 
Based on habitat data collected as part of the Central Napa River Watershed Plan by Napa 
County RCD, York Creek has been identified as one of the “most significant spawning and 
rearing streams for steelhead within the Napa Basin” (NCRCD 2005). The upper reaches of the 
watershed, above the dam, “offer excellent spawning and rearing habitat, and creating access to 
these areas will greatly benefit the overall steelhead population” (NCRCD 2005). As a result of 
dam removal, approximately 1.7 miles (8,855 feet) of aquatic habitat could become available to 
CCC steelhead. Newly accessible steelhead habitat would include 0.30 acres of pool, 0.33 acres 
of flatwater, and 0.85 acres of riffle habitat, totaling 1.5 acres. This reach could potentially 
support between 825 and 1,810 juvenile steelhead annually, under current habitat conditions 
(Corps 2006b). 
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Lower York Creek Reservoir. In addition, non-native upland vegetation, including ruderal 
vegetation around Upper York Creek Reservoir, ruderal and non-native grassland around 
Lower York Creek Reservoir, and ruderal vegetation at Spring Mountain Vineyard, will be 
impacted during maintenance activities.  
 
Mitigation BIO-NP12: 
Adverse but less than significant impacts do not require mitigation; however, to avoid and/or 
reduce the potential for adverse impact to vegetation, the City of St. Helena shall implement 
protective measures:  

• Vegetation removal will be minimized to the maximum extent practicable during all 
work activities. Grading limits will be clearly flagged to minimize disturbance from 
construction equipment. 

• Upland native trees greater than 12 inches diameter at breast height that are removed as 
a result of maintenance dredging activities will be replaced at a minimum 1:1 ratio with 
equivalent native species. All propagules used for native plantings will be obtained from 
local nursery stock, if available. 

• All disturbed areas will be revegetated with native plantings and/or a native seed mix 
as soon as practicable to minimize erosion and recruitment of invasive non-native plant 
species. Best Management Practices that avoid dispersal of invasive non-native plants 
will be used, including using only certified, weed-free materials dominated by native 
species for erosion control and revegetation. 

• Any tree removal associated with maintenance dredging will comply with the City of St. 
Helena’s Tree Ordinance. 

 
Significance after Mitigation. Less than significant. 
 
3.3.4 Preferred Alternative - Small Notch: Impacts and Mitigation Measures  
The Small Notch Alternative is designed to restore the ecological connectivity between habitats 
upstream and downstream of the dam and provide for a natural sediment transport system. 
Central California Coast (CCC) steelhead migration would be restored to 100% effectiveness19. 
This alternative allows for the removal of 95% of sediment behind the dam reducing the threat 
of future sediment releases and removal of 72% of the actual dam material. A 23-foot wide 
natural stream channel would be restored, and 2.0 acres of streambank (0.4 acres), terrace (0.5 
acres), and riparian zone (1.1 acres) would be revegetated. Approximately 1.7 miles (8,855 feet) 
of aquatic habitat would become available to CCC steelhead including 0.30 acres of pool, 0.33 
acres of flatwater, and 0.85 acres of riffle habitat, totaling 1.5 acres. This reach could potentially 
support between 825 and 1,810 juvenile steelhead annually under current habitat conditions 
(Corps 2006a). 
 
The existing spillway adjacent to Spring Mountain Road would remain intact and be filled with 
sediment from the project site. This provides the most geologically stable alternative that allows 
for the restoration of York Creek’s natural hydrologic functions. Notching the dam would 
generate approximately 40,000 cubic yards of materials (Corps 2006a). Materials not utilized 
during ecosystem restoration will be reused or disposed of at LYCR, SMV, and/or Clover Flat 
Landfill. Materials deposited at LYCR would impact 0.22 acres of freshwater wetland habitat, 
1.2 acres of open water habitat, and less than 0.1 acres of foothill pine-oak woodland, non-native 
                                                        
19  100% effectiveness means unobstructed fish passage upstream and downstream of the project site. 
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Geomorphology 
York Creek is predominantly classified as a moderately entrenched, riffle dominated, relatively 
stable, gravel/cobble substrate channel (Figure 12) (NCRCD 2005). Channel features were 
measured in a reach upstream of UYCD, which represents natural stream conditions, to 
determine average channel width, as well as pool and riffle lengths (Corps 2006a, Appendix A 
citing Entrix 2002; PCI 2007a). Average pool and riffle lengths are 105 and 128 feet, respectively 
(Corps 2006a, Appendix A). PCI measured channel widths range 20-25 feet. In the lower reaches 
where the channel is not so constrained by the steep valley walls, the planform begins to 
meander, and a pool/riffle structure occurs (Figure 13). Through the City, York Creek maintains 
a fairly consistent width and depth except for one location adjacent to the Beringer Winery 
warehouse where a large gravel/cobble bar has formed and filled the channel (Figure 14). 
 
Sediment Transport  
The area above the dam represents 55% of the total watershed and 63% of the steep, sediment-
source zone. The reservoir captures the entire coarse bedload and a portion of the suspended 
load produced in its 4.4 square mile drainage area – approximately 1,000-5,000 cubic yards of 
material annually depending on the rainfall and runoff patterns. An average hydrologic year 
with no unusual storm events delivers roughly 1,250 cubic yards of sediment to the reservoir. 
The winter of 2005/2006, an above-average year with the largest storm in recent history, 
deposited approximately 3,000 cubic yards of material behind the dam. 
 
Throughout the watershed, the channel bed is composed of sediment ranging from sand to 
small boulders. The mean grain size is consistently very coarse gravel (32-64mm) to small 
cobble (64-128 mm), with low percentages of fines in the deposits (NCRCD 2005, PCI 2007a). 
Sediment deposited in the upper reservoir ranges from silt to small cobbles. Forty-one percent 
of the material by weight is made up of fine sediment (<2 mm) transported as wash and 
suspended load, while 30% is bedload composed of coarse gravel (16 mm) and larger particles.  
 
Regulatory Environment 
The upper watershed, including UYCD, is located within unincorporated Napa County. The 
lower reaches of York Creek are within the limits of City of St. Helena. The upper dam 
property, structure, and right-of-way were purchased by the City of St. Helena in 1922 (Corps 
2006a). The City of St. Helena has the only pre-1914 appropriative rights to York Creek.  
 
The City of St. Helena’s Municipal Code Title 15, Chapter 15.52 Flood Damage Prevention 
provides for the establishment of areas of special flood hazard through scientific studies and 
mapping, as recommended by the City floodplain administrator. The floodplain administrator 
has the responsibility to manage activities that affect flooding and maintain the carrying 
capacity of channels within, or affecting properties within, City limits.  
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York Creek Steelhead Carrying Capacity Model - Napa County RCD (March, 2006)      
Habitat survey data collected in 2003 by NCRCD were compiled for the reaches above York Creek dam to the end of anadromy at a bedrock falls.  These data were used to calculate 
summary statistics for usable habitat area for juvenile steelhead rearing.  Average widths and depths were calculated and assigned to each habitat unit for the reach to arrive at total available 
habitat.  Steelhead densities calculated from electrofishing efforts by Stillwater Sciences (2005) were assigned to each habitat category to estimate potential carrying capacity.  High and low 
density estimates represent the highest and lowest recorded value respectively.  Moderate estimates are the average of the two. 

         

HABITAT  
Above Restored 

Area (sq ft) 
Habitat+Restored 
Habitat (sq feet) Acres  FISH DENSITY (# of steelhead per square foot) 

TOTAL POOL AREA (sq. ft.) 11,053 13153 0.30    High Moderate* Low 
TOTAL FLATWATER AREA (sq. ft.) 13,016 14297 0.33  Pool 0.053 0.0375 0.022 

TOTAL RIFFLE AREA (sq. ft.) 34,705 36994 0.58  Flatwater 0.021 0.015 0.009 
  58,774 64444 1.21  Riffle 0.022 0.0165 0.011 
       * Calculated values 
         

HABITAT  length (ft) 
Habitat+Restored 

Habitat (feet) Acres      
TOTAL STREAM LENGTH (ft.) 8,030 8855 2      

         
ESTIMATED CARRYING CAPACITY      

  HIGH MODERATE LOW      
             

POOL 697 493 289      
             

FLATWATER 300 214 129      
             

RIFFLE 814 610 407      
             

TOTAL STANDING CROP 1,811 1,318 825      
         

STEELHEAD PER 100 ft. 23 16 10      
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FINAL REPORT                                                                        Central Napa River Watershed Project  

Reach 5 had a canopy density of 97%, and Reach 6 had a canopy density of 97%).  In general, revegetation 
projects are considered when canopy density is less than 80%.  Reaches 1 and 2 would benefit from riparian 
planting and restoration in areas with sparse canopy and narrow buffers.  Reach 2 has extensive areas of 
exotic vegetation that should be removed and replaced with native species.  
 
The percentage of right and left bank covered with vegetation was high at 71% and 73%, respectively.  In 
areas of stream bank erosion or where bank vegetation is sparse, planting native plant species, in conjunction 
with bank stabilization, is recommended.  Bank vegetation was most sparse in Reach 1. 
 
Overall, York Creek is one of the most significant spawning and rearing streams for steelhead within the 
Napa Basin.  Reach 1 and 2 have been adversely affected by riparian encroachment, levee construction, road 
building, and channel modifications (i.e. straightening).  Reaches 2, 3, and 4 are the only reaches currently 
accessible and suitable for steelhead spawning and rearing.  These reaches contain high quality habitat and 
sustained flow.  Reach 1 contains limited rearing habitat, primarily above Highway 29.  The instream 
reservoir on York Creek is scheduled for removal in 2006-2008 by the US Army Corps of Engineers and the 
City of St. Helena.  Removing the reservoir will allow access to over 1.5 miles of high quality steelhead 
habitat.  The upper reaches of York Creek offer excellent rearing and spawning habitat, and creating access to 
these areas will greatly benefit the overall steelhead population. 
 
A small diversion dam in Reach 3 that was identified in our 2003 habitat survey was removed by the City of 
St. Helena in 2004 and restored to allow fish passage.  The site is a significant improvement to fish migration 
in York Creek. 
 
A complete inventory of 35 potential restoration sites for York Creek has been compiled and prioritized in 
section 4 of this report. 
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the incised current level of the mainstem Napa River.  In some cases, smaller tributaries cutting 
across the valley floor have not fully adjusted to the lowered level of the mainstem and are 
elevated at their confluence with the mainstem, forming potential barriers to upstream fish 
migration referred to as “hanging tributaries.” 
 
Based on field reconnaissance of Napa River tributaries, we conclude that pools appear to be less 
frequent than would be expected under historical conditions, where large woody debris loading 
would have created obstructions and forced deep pools to form. Our field observations in several 
tributaries, particularly those on the west side, indicate that large woody debris loading (amount 
per length of channel) is much lower than would be typical of streams in unmanaged mixed 
evergreen forests.  Although the history of wood removal from the Napa River and its tributaries 
is poorly known (there are some records of stream clearing projects in the 1960s and 1970s), 
large woody debris has likely been reduced by direct removal from many or most streams for a 
variety of reasons. The reduction in large woody debris loading has likely increased the mobility 
of spawning gravels and reduced the diversity of in-channel habitats in Napa River tributaries.  
Additionally, loss of large woody debris has likely reduced cover for juvenile steelhead rearing in 
tributaries.  A channel lacking sufficient deep-water refugia would likely increase exposure of 
fish to higher temperatures and greater predation pressure by terrestrial predators such as birds, 
snakes, and mammals. Large woody debris may also be reduced because of increases in the 
magnitude and duration of peak flows capable of dislodging debris jams, possibly as a result of 
land use changes. 
 
Several large dams were built between 1924 and 1959 on major eastside tributaries (Conn, 
Rector, Milliken, and Bell dams) and the northern headwaters of the Napa River (Kimball Dam). 
In addition, many smaller dams can be found throughout the basin. Many of these dams intercept 
coarse sediment supply, and thereby reduce delivery to downstream reaches, which can cause bed 
coarsening and channel incision (although incision may be limited by bedrock and bed 
coarsening).  
 
6.2 Sediment-Related Impacts on Salmonid Habitat 
 
We examined sediment-related impacts on salmonid habitat in the Napa River watershed by 
examining factors that are: (1) known to affect salmonid reproductive success directly, (2) 
targeted by proposed habitat rehabilitation efforts, and (3) cost-effective and efficient given the 
size of the study area.  Sediment-related factors evaluated during Phase I included:  
 

• Turbidity (which can affect salmonid feeding efficiency, growth, and survival);  
• Spawning gravel permeability in the mainstem and the tributaries (which affects survival-

to-emergence of steelhead and Chinook salmon eggs);  
• Bed mobility in the mainstem (which also affects survival-to-emergence for steelhead 

and Chinook); and  
• Filling of pools in the tributaries (which reduces the quality and quantity of juvenile 

rearing habitat). 
 
6.2.1 Turbidity and Juvenile Feeding and Growth 
 
High turbidity and suspended sediment concentrations can have detrimental effects on aquatic 
biota in river systems (e.g., Bisson and Bilby 1982, Berg and Northcote 1985, Newcombe and 
Jensen 1996).  While very high turbidity levels may cause acute physiological stress and tissue 
damage to some aquatic organisms during peak flows, fish tend to survive high turbidity levels 
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Introduction
International agreements recognize forestry activities 
as one way to sequester carbon, and thus mitigate the 
increase of carbon dioxide in the atmosphere; this may 
slow possible climate change effects. The United States 
initiated a voluntary reporting program in the early 
1990’s (U.S. Dep. Energy 2005). A system for developing 
estimates of the quantity of carbon sequestered in forest 
stands and harvested wood products1 throughout the 
United States is a vital part of the voluntary program. 
This system must be relatively easy to use, transparent, 
economical, and accurate. In this publication, we present 
methods and regional average tables that meet these 
criteria.

Carbon is sequestered in growing trees, principally 
as wood in the tree bole. However, accrual in forest 
ecosystems also depends on the accumulation of carbon 
in dead wood, litter, and soil organic matter. When wood 
is harvested and removed from the forest, not all of the 
carbon fl ows immediately to the atmosphere. In fact, the 
portion of harvested carbon sequestered in long-lasting 
wood products may not be released to the atmosphere for 
years or even decades. If carbon remaining in harvested 
wood products is not part of the accounting system, 
calculation of the change in carbon stock for the forest 
area that is harvested will incorrectly indicate that all 
the harvested carbon is released to the atmosphere 
immediately. Failing to account for carbon in wood 
products signifi cantly overestimates emissions to the 
atmosphere in the year in which the harvest occurs. 

We adopted the approach of Birdsey (1996), who 
developed tables of forest carbon stocks and carbon in 
harvested wood to provide basic information on average 
carbon change per area. The tables are commonly referred 
to as “look-up tables” because users can identify the 
appropriate table for their forest, and look up the average 
regional carbon values for that type of forest. We have 
updated the tables by using new inventory surveys, forest 

carbon and timber projection models, and a more precise 
defi nition of carbon pools. We also include additional 
forest types and background information for customizing 
the tables for a user’s specifi c needs.

The look-up tables are categorized by region, forest 
type, previous land use, and, in some cases, productivity 
class and management intensity. Users must identify 
the categories for their forest, estimate the area of 
forestland, and, if needed, characterize the amount of 
wood harvested from the area in a way that is compatible 
with the format of the look-up tables. The average 
carbon estimates per area in the look-up tables must 
be multiplied by the area or, as appropriate, harvested 
volumes, to obtain estimates in total carbon stock or 
change in carbon stock.

The estimates in the look-up tables are called “average 
estimates,” indicating that they should be used when it 
is impractical to use more resource-intensive methods 
to characterize forest carbon, that is, particularly when 
more specifi c information is not available. Because these 
tables represent averages over large areas, the actual 
carbon stocks and fl ows for specifi c forests, or projects, 
may differ. The look-up tables should not be used when 
conditions for a project or site differ greatly from the 
classifi cations specifi ed for the tables. Some users may 
require an alternative to an “all-or-nothing” use of the 
tables because they may have some information and need 
to use the tables to supplement, or fi ll in gaps, in carbon 
stocks. Alternatively, users may require slight alterations 
to the tabular data provided. Therefore, we also include 
the underlying assumptions and appropriate citations so 
that the tables can be adjusted to data availability and 
information requirements of individual activities.

The focus of this document is to explain the 
methodology in a transparent way and present sets of 
look-up tables for quantifying forest carbon when site-
specifi c information is limited. In the sections that follow, 
we introduce the tables and provide general guidance 
for their use. First, tables of forest ecosystem carbon 
are presented; these are followed by tables to calculate 
the disposition of carbon in harvested wood products. 
Additional information on methods and data sources 

1Traditionally, the phrase “forest products” includes paper, but 
the phrase “wood products” does not.  The literature for forest 
carbon has not recognized this distinction.  Thus, we use the 
phase “wood products” to include all forest products including 
paper.



 

 

B21.— Regional estimates of timber volume and carbon stocks for alder-maple stands with 
afforestation of land in the Pacific Northwest, West 

Mean carbon density 

Age Mean 
volume 

Live tree 
Standing 
dead tree 

Under-
story 

Down 
dead 
wood 

Forest 
floor 

Soil 
organic 

Total 
nonsoil 

years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.7 0.0 0.0 86.4 4.7 
5 0.0 8.0 0.8 4.7 0.8 1.8 86.7 16.1 

15 49.5 31.0 3.1 3.7 2.9 4.4 88.9 45.2 
25 229.7 99.4 9.9 2.8 9.4 6.2 92.8 127.8 
35 380.8 153.8 15.4 2.5 14.6 7.6 97.6 193.9 
45 513.7 200.8 20.1 2.4 19.0 8.6 102.4 250.9 
55 633.3 242.5 22.2 2.3 23.0 9.4 106.7 299.4 
65 742.1 280.1 23.9 2.2 26.5 10.1 109.9 342.8 
75 842.1 314.4 25.3 2.2 29.8 10.7 112.2 382.4 
85 934.5 346.0 26.6 2.1 32.8 11.1 113.6 418.6 
95 1,020.3 375.2 27.7 2.1 35.5 11.5 114.5 452.0 

105 1,100.3 402.2 28.7 2.0 38.1 11.9 114.9 483.0 
115 1,175.0 427.4 29.6 2.1 40.5 12.2 115.1 511.8 
125 1,244.9 450.9 30.4 2.3 42.7 12.4 115.2 538.7 
years ft3/acre --------------------------------------- tonnes carbon/acre ---------------------------------------- 

0 0 0.0 0.0 1.9 0.0 0.0 35.0 1.9 
5 0 3.2 0.3 1.9 0.3 0.7 35.1 6.5 

15 708 12.6 1.3 1.5 1.2 1.8 36.0 18.3 
25 3,282 40.2 4.0 1.1 3.8 2.5 37.6 51.7 
35 5,442 62.3 6.2 1.0 5.9 3.1 39.5 78.5 
45 7,342 81.3 8.1 1.0 7.7 3.5 41.5 101.5 
55 9,050 98.1 9.0 0.9 9.3 3.8 43.2 121.1 
65 10,605 113.3 9.7 0.9 10.7 4.1 44.5 138.7 
75 12,034 127.2 10.3 0.9 12.1 4.3 45.4 154.7 
85 13,355 140.0 10.8 0.9 13.3 4.5 46.0 169.4 
95 14,582 151.8 11.2 0.8 14.4 4.7 46.3 182.9 

105 15,725 162.8 11.6 0.8 15.4 4.8 46.5 195.4 
115 16,792 173.0 12.0 0.9 16.4 4.9 46.6 207.1 
125 17,791 182.5 12.3 0.9 17.3 5.0 46.6 218.0 
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dark orange is where fire is expected to consume more biomass than historical 
levels.  

 
Figure 12. Net change in carbon in biomass consumed by fire by the end of the 
century  
(2070–2099 mean) under the high A2 scenario between the neutral climate future 
scenario  
and three AOGCMs (PCM1, GFDL, and CCSM3) simulated future climate 
conditions. Dark blue represents areas where historically fire consumed more 
than is projected by the end of the century on average and dark orange is where 
fire is expected to consume more biomass than historical levels. 
 

Carbon Sequestration Valuation  

The sequestration of carbon generates both market value, through constructed markets for 
carbon emissions, and a more comprehensive social value. The market value of carbon reflects 
the least-cost method for reducing carbon emissions in the atmosphere, as revealed by the 
market. The social value of carbon sequestration (also known as the social cost of carbon) 
reflects the global economic consequences of each ton of carbon released into the atmosphere. 

To estimate the market and economic values of carbon over time we consider how much carbon 
will be stored in live trees above ground under the base future climate scenario and under each 
climate change scenario. We then estimate the value (in 2007 dollars) of the stock of carbon 
under each scenario and measure the change in value between the base future climate carbon 
stock and the stock estimated under each scenario. 

For this study, we draw upon the literature to provide best estimates of the 2007 market price of 
carbon per metric ton to estimate the market value of carbon sequestered or released. In 
addition to estimates based on the market value of carbon, we use the literature to provide a 
review and best estimates of the societal value of a ton of carbon sequestered (or the costs of a 
ton of carbon released), recognizing that the value of carbon sequestered also will change over 
time, mostly as a function of the total stock of carbon in the atmosphere and the time of release 
or sequestration. 

To estimate the value of carbon stored, we valued the costs of carbon emitted, assuming that if 
the carbon stock at time t decreases by one ton of carbon, that ton has (1) a market impact 
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because it will need to be offset in the carbon market,2 and (2) an economic impact because it 
causes a marginal increase in damages associated with climate change. 

Market Value of Carbon 
We use information from the Chicago Climate Exchange (CCX, a voluntary climate exchange) 
and the European Union Emissions Trading System (EU ETS), a compliance-based system to 
estimate market values. To meet the goals of AB32 and reduce the impacts of atmospheric 
carbon on the global climate, The California Air Resources Board (CARB) has recommended a 
cap-and-trade program. Forest carbon offsets (aboveground live biomass in trees) are to be 
included in the program as a limited percentage of allowances. A cap-and-trade program will 
create a market for carbon and carbon sequestered by forests could be used to offset carbon 
generated by industry. The actual market value of forest carbon will depend on the 
development of this program and specific allowances made for forest carbon offsets. Generally, 
the market price is determined by the total amount of carbon that is permitted to be released 
into the atmosphere and the cost of meeting this cap through reductions in carbon emissions or 
the sequestration of carbon (for instance in natural vegetation.) From the perspective of the State 
of California, carbon sequestration is an important part of the technical portfolio the state must 
employ in order to meet the goals of AB32. Market price provides a rough estimate of the 
potential costs of meeting these goals and thus the gross economic value, in terms of cost 
savings or increases that would result due to changes in the natural ability of terrestrial 
ecosystems to sequester carbon. (Note, marine systems also play an important role in carbon 
sequestration, but we do not currently have good quantitative models for marine CO2 
sequestration.) 

Currently, carbon trading occurs through a number of allowance-based markets and project-
based transactions. The three main markets are the European Union Emissions Trading Scheme 
(EU ETS) and the New South Whales GHG Reduction Scheme, which are both regulated 
markets, and the CCX. For this study, we use 2007 annual volumes and transactions on the 
EU ETS and CCX markets to derive a low and high price for a metric ton of carbon. For each 
market, we derive the average annual price per metric ton of carbon (MTC) as follows: 

 

where 3.67 is the conversion factor from CO2 to carbon.  

The price derived from the EU ETS is $89.19/MTC and from CCX is $11.49/MTC (Capoor et al. 
2008). The reason for the large difference in price between the CCX and the EU ETS markets is 
that the EU ETS is a regulated cap-and-trade market. In a regulated market, buyers have a 
higher certainty that what they are buying will maintain a value in the market. The CCX is a 
voluntary market with higher levels of uncertainty. Buyers speculate that the credits they 

                                                
2 The AB 32 (Assembly Bill 32 - California’s Global Warming Solution Act of 2006) Climate Change 
Scoping Plan, approved by the Air Resources Board on December 11, 2008, recommends developing a cap 
and trade program that would link with other Western Climate Initiative partner programs to create a 
regional market by 2012.  The plan recommends reduction measures of 5 MMTCO2e in the sustainable 
forest sector.  It also recommends the use of offsets (include in the forest sector) and allowances from 
other systems be limited to 49 percent of the required reduction of emissions.    
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purchase will hold value should a cap-and-trade system be developed. Investors are looking for 
high potential returns on their investments given the risk they incur. 

The CCX price could be considered a lower bound value (should forest offsets not be included 
in a regulated market). The EU ETS rate could be considered a more accurate estimate if forest 
carbon offsets are included in a statewide, regional, or national cap-and-trade system.3 

Social Value of Carbon 
The economic value of carbon sequestration can also be measured in terms of the social cost (or 
economic benefit from avoided damage) of damage avoided when carbon is removed from the 
atmosphere and climate change is slowed. The social cost of carbon (SCC) measures the full 
global cost today of emitting an incremental unit of carbon (in the form of CO2) at some point of 
time in the future, and it includes the sum of the global cost of the damage it imposes the entire 
time it is in the atmosphere (Price et al. 2007; Pearce 2003). Damage is a function of the 
cumulated stock, so one extra unit released in the future is likely to have a higher associated 
damage than a unit emitted now (Pearce 2003). In theory, the SCC attempts to capture how 
much society could pay to avoid climate change and still be as well off as they would be in the 
absence of climate change. In other words, if society were aware of the full costs of climate 
change, the SCC is what they would be willing to pay now to avoid the future damage caused 
by incremental carbon emissions (Price et al. 2007). The SCC also represents the appropriate tax 
on CO2 emissions that would result in the economically optimal reduction in CO2 emissions 
(also known as the Pigouvian tax—a tax levied to correct the negative externalities of a market 
activity) (Tol 2007). The total social cost is the damage done by carbon emissions compared to a 
neutral climate future context in which the emissions do not increase. In our analysis, we 
assume that lost carbon sequestration is not offset by technological reductions in human-created 
sources of atmospheric carbon dioxide and thus lost carbon sequestration results in global 
economic cost. 

The process for estimating SCC requires a model of atmospheric residence time and a means of 
discounting economic values back to the year of emissions (Yohe et al. 2007). The amount of 
damage done by each incremental unit of carbon in the atmosphere depends on the 
concentration of atmospheric carbon today and in the future. Therefore, the SCC should vary 
depending on which emissions trajectory the world experiences. 

Currently, the peer-reviewed and gray literature provide over 200 different estimates of the 
marginal costs of climate change with varying levels of sophistication, including differing 
discount rates, different mechanisms for including discount rates and performing sensitivity 
analysis, varying estimates of total costs of climate change used, dynamic and static elements, 
differing assumptions about future climate change, and publication dates (the older the study, 
the less sophisticated it might be) (Tol 2007). Generally, a higher discount rate implies a lower 
estimate of the SCC and estimates in the peer reviewed literature tend to be lower than 
estimates in the gray literature and have fewer uncertainties (Tol 2007).  

                                                
3 Note that forest sector offsets are not included in the EU ETS compliance system, but this system still 
provides the best market estimate for forest sector carbon credits. Also note that the California AB 32 
Climate Change Scoping Plan recommended inclusion of forest credits produced in-state, as well as out-
of-state and internationally, although the rules for these mechanisms have yet to be created. 
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In 2005, Richard Tol published a meta-analysis of the marginal damage costs of CO2 emissions. 
He reviewed 103 estimates from 28 public studies. Including only peer-reviewed studies and 
accounting for differences in the types of studies (discount rates, equity weighting, dependence 
on dynamic climate change scenarios and economic scenarios, and estimations of marginal or 
average damage costs), Tol determined the mean to be $43 ($54 in 2007 inflation adjusted 
dollars) per MTC with a standard deviation of $83 (Tol 2005). He found that studies with better 
methods yielded lower estimates with fewer uncertainties. He also discovered that much of the 
uncertainty was due to assumptions on the discount rate and around equity weights used to 
aggregate monetized impacts over countries. 

In 2007, Tol presented an as yet unpublished update of his 2005 meta-analysis. With more data 
(211 estimates from the gray and published literature) and more advanced statistical analysis, 
Tol’s results showed a downward trend in the estimates of the SCC but that uncertainty about 
the SCC is large (although many of the high estimates were not yet peer-reviewed and used 
unacceptably low discount rates). In Tol’s 2007 analysis, with conservative assumptions, the 
mean for peer-reviewed estimates is $23/MTC. He states that there is a 1% probability that the 
SCC is greater than $78/MTC. 

Watkiss and Downing (2008) provide further updates of Tol and summarize a number of values 
for the social cost of capital for carbon emissions in the UK. The authors report that in 2002, the 
UK Government recommended a marginal global SCC estimate of £70/MTC ($185/MTC in 
2007 dollars), within a range of £35 to £140/MTC ($93 to $371/MTC in year 2007 dollars), with 
all three estimates increasing £1/MTC ($1.50/MTC) per year from the year 2000. Since 2002, the 
UK Government has used these values widely in regulatory impact assessment and for 
considering environmental taxes and charges (Watkiss et al. 2008). We conservatively examine a 
central value from Watkiss and Downing of $185/MTC (2007 dollars) noting that the authors 
expect significant increases over time. (The authors also provide estimates from the FUND and 
PAGE models, which are substantially higher than even the UK SCC estimates.) 

Using the DICE-2007 model, William Nordhaus shows that the trajectory of optimal carbon 
prices (or carbon taxes) should rise to reflect the increasing damage caused by climate change 
and the need for increasingly tight constraints. In the model, the optimal price rises steadily 
over time, at between 2% and 3% per year in real terms, to reflect the rising damages from 
climate change. In this trajectory, Nordhaus’ carbon price (adjusted to 2007 dollars) rises from 
$34/MTC to $113/MTC by 2050 and $251 per MTC in 2100. Ultimately, the carbon price will 
top out at the level at which the backstop technology becomes economically viable (Nordhaus 
2008). 

The DICE-2007 model is a globally aggregated model. The model incorporates simplified 
representations of the major analytical dimensions of climate change problems and is focused 
on analyzing the economic and environmental impacts of alternative policies (Nordhaus 2008). 
Like the other models, DICE-2007 does not provide for a complete understanding of the major 
components and has greater error the further into the future the projections move. It contains 
highly simplified representations of the major relationships relating emissions, concentrations, 
climate change, the costs of emissions reductions, and the impacts of climate change, and some 
of the tradeoffs—particularly between rich and poor regions—cannot be explored (Nordhaus 
2008). 
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Realizing that no model is perfect, that each method for estimating the SCC or optimal carbon 
price provides different perspectives, and that there are complexities and uncertainties relating 
to how different variables are considered in the models, we use Nordhaus’ carbon price 
trajectory to illustrate the potential costs (and benefits) to society that climate change can have 
as a result of changes in forest carbon stocks in California. (Note that as mentioned previously, 
social cost values have been discounted) 

Predicting the Value of Future Carbon Sequestration  
As the aboveground carbon storage varies, there is subsequent variation in total market value 
represented by losses or gains in natural carbon sequestration in the future (Table 2a). With the 
warmer and wetter climate (PCM1), the change in market value is positive, ranging from an 
average annual difference due to climate change of $19 million to $146 million/year for 2005–
2035 under scenario B1 to as much as $1 billion to $7.9 billion annually by 2065–2090. The warm, 
wet PCM1 climate simulations consistently enhance carbon sequestration for all the periods 
considered and thus increase the service value, with highest change at the end of the century 
(2065–2099) under the low emissions scenario (B1). Conversely, under the high (A2) emissions 
scenario, climate projections by the hot, dry CCSM3 model cause an average annual loss of 
between $2.9 billion and $22.1 billion. 

These estimates for changes in market values are in 2007 dollars with no discounting for present 
value. It is conceivable that in a market situation, real market prices will change—prices could 
increase if it becomes more expensive to reduce greenhouse gas emissions and, conversely, 
technological innovation could cause market prices to fall. Market prices will also vary 
depending on the types of policies implemented at the state and national level. Research 
economists from New Carbon Finance predict that if a cap-and-trade program is confined to 
domestic trading only, the carbon emissions market could be worth $1 trillion by 2020 
(Environmental Leader 2008). Allowing trading with other countries like India or China, where 
emissions reduction measures are relatively inexpensive will yield lower prices and a cost 
savings to the U.S. economy (New Carbon Finance 2008).  
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Table 2a. Projected change in live aboveground carbon sequestered  
and the market value of these changes 

2005–2034 
    Carbon Change in value (2007$ million) 

Scenario Model 

Total  
(Tg) 

% 
Change 

from 
Base 

CCX 
$3.13/MTCO2e 

 
($11.49/MTC) 

EU ETS  
$24.30/MTCO2e 

 
($89.20/MTC) 

Base   1,025       
PCM1 1,027 0% $19 $146 
GFDL 997 -3% -$325 -$2,524 B1 
CCSM3 997 -3% -$323 -$2,504 
PCM1 1,035 1% $115 $891 
GFDL 1,024 0% -$15 -$118 A2 
CCSM3 992 -3% -$380 -$2,950 

      
2035–2064 

    Carbon Change in value (2007$ million) 

Scenario Model 

Total  
(Tg) 

% 
Change 

from 
Base 

CCX 
$3.13/MTCO2e 

 
($11.49/MTC) 

EU ETS  
$24.30/MTCO2e 

 
($89.20/MTC) 

Base  1,028       
PCM1 1,057 3% $327 $2,541 
GFDL 987 -4% -$475 -$3,685 B1 
CCSM3 881 -14% -$1,693 -$13,145 
PCM1 1,055 3% $304 $2,357 
GFDL 968 -6% -$690 -$5,355 A2 
CCSM3 902 -12% -$1,446 -$11,223 

       
2070–2099 

    Carbon Change in value (2007$ million) 

Scenario Model 

Total  
(Tg) 

% 
Change 

from 
Base 

CCX 
$3.13/MTCO2e 

 
($11.49/MTC) 

EU ETS  
$24.30/MTCO2e 

 
($89.20/MTC) 

Base  952      
PCM1 1,041 9% $1,021 $7,926 
GFDL 935 -2% -$199 -$1,546 B1 
CCSM3 820 -14% -$1,516 -$11,769 
PCM1 1,023 7% $815 $6,327 
GFDL 778 -18% -$1,994 -$15,481 A2 
CCSM3 704 -26% -$2,850 -$22,129 
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Table 2b. Projected change in live aboveground carbon sequestered and 
the  
economic value including social cost of carbon of these changes 

2005–2034 
    Carbon Change in value (2007$ million) 

Scenario Model 

Total  
(Tg) 

% 
Change 

from 
Base 

Tol, 2007 
Mean 

 
($23/MTC) 

DICE-2007 
Optimal 

Price  
($34/MTC) 

Existing 
UK SCC 

 
($185/MTC) 

Base   1,025         
PCM1 1,027 0% $38 $56 $303 
GFDL 997 -3% -$651 -$962 -$5,236 B1 
CCSM3 997 -3% -$646 -$955 -$5,194 
PCM1 1,035 1% $230 $340 $1,847 
GFDL 1,024 0% -$31 -$45 -$245 A2 
CCSM3 992 -3% -$761 -$1,125 -$6,119 

       
2035–2064 

    Carbon Change in value (2007$ million) 

Scenario Model 

Total  
(Tg) 

% 
Change 

from 
Base 

Tol, 2007 
Mean 

 
($23/MTC) 

DICE-2007 
Optimal 

Price  
($113/MTC) 

Existing 
UK SCC 

 
($185/MTC) 

Base  1,028        
PCM1 1,057 3% $655 $3,220 $5,271 
GFDL 987 -4% -$950 -$4,669 -$7,644 B1 
CCSM3 881 -14% -$3,390 -$16,656 -$27,269 
PCM1 1,055 3% $608 $2,987 $4,890 
GFDL 968 -6% -$1,381 -$6,786 -$11,109 A2 
CCSM3 902 -12% -$2,894 -$14,220 -$23,281 

        
2070–2099 

    Carbon Change in value (2007$ million) 

Scenario Model 

Total  
(Tg) 

% 
Change 

from 
Base 

Tol, 2007 
Mean 

 
($23/MTC) 

DICE-2007 
Optimal 

Price  
($251/MTC) 

Existing 
UK SCC 

 
($185/MTC) 

Base  952       
PCM1 1,041 9% $2,044 $22,309 $16,443 
GFDL 935 -2% -$399 -$4,350 -$3,207 B1 
CCSM3 820 -14% -$3,035 -$33,123 -$24,413 
PCM1 1,023 7% $1,632 $17,807 $13,125 
GFDL 778 -18% -$3,992 -$43,570 -$32,113 A2 
CCSM3 704 -26% -$5,707 -$62,281 -$45,904 

 

The expected change in the social value of stored carbon (Table 2b) is similar to that found for 
the analysis of market values. The warm, wet PCM1 model consistently predicts a higher 
capacity to store carbon and thus the affect of climate change on natural carbon storage in 
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California would result in a net benefit to society of between of $38 million annually in the 
period 2005–2034 and as high as $22 billion annually by 2070. The hotter, drier models, 
however, project a sharp negative difference in carbon storage capacity in natural areas leading 
to social costs of -$646 million to -$5.2 billion annually for the period 2005–2034 (under scenario 
B1 using the CCSM3 model of climate change) to as high as -$62 billion annually by the period 
2070–2099, under scenario A2 using the Nordhaus’ DICE-2007 model predictions. 

Conclusion: Carbon Sequestration 

The current voluntary carbon markets that incorporate natural system sequestration focus 
largely on the aboveground biomass in a forest system and so, for this study, we focused our 
valuation on aboveground biomass in forested systems. Sequestration of aboveground biomass 
decreases with all model-emissions scenario combination except the most optimistic, and the 
declines are more pronounced in the second and third time periods of this study. There are two 
main reasons why the model projects a decline in biomass: (1) loss of conifer forests due to 
drought stress, which might be mitigated to some extent by a CO2 “fertilization effect” that may 
enhance carbon capture as CO2 concentrations increase but more importantly should increase 
water use efficiency—that is, maintaining carbon uptake under a moderate level of drought 
stress; (2) fire losses will be significant as temperatures rise and humidity drops. When all 
carbon stocks (i.e., aboveground and belowground live biomass, aboveground and 
belowground organic carbon) are included in the analysis—not just the aboveground biomass 
carbon stocks included in the existing voluntary carbon market—the picture changes slightly. 
Net change in total carbon stocks increases under the warmer, wetter future (PCM1) for both 
the low and high emissions scenarios (Appendix B). In contrast, we see decreased carbon 
storage under both emissions scenarios using the hot, dry models (GFDL, CCSM3), largely 
driven by a combination of decreases in aboveground and belowground organic carbon 
(Appendix B). In the model-emissions scenarios with carbon loss, fires burn the vegetation and 
carbon losses are emitted as gases and drought conditions reduce production and carbon 
capture, resulting in total carbon loss. For California to take advantage of the potential for 
carbon storage in natural systems stocks in the future, greenhouse gas emissions must be 
curbed to a B1 scenario that would reduce both drought-stress conditions for natural and 
commercial vegetation (forests, agriculture, forage) and fire danger. 

The results of our carbon projections indicate that forests and other sources of natural carbon 
storage are critically important assets that need to be considered, employed, and protected if we 
are going to work to stem the increase in global atmospheric concentration of carbon dioxide. 
The majority of the model-emissions scenarios find that climate change will lead to a loss of the 
natural ability of California’s forests to store carbon by the end of the century. The result will be 
annual losses of potentially hundreds of millions and possibly billions of dollars in carbon 
sequestration capacity—a cost that will be borne by carbon emitters, automobile drivers, 
factories, homeowners, and others—and will be reflected in future markets for carbon. 
Similarly, this loss of carbon sequestering capability will result in global economic impacts if the 
loss of carbon is not offset by other reductions in carbon emissions.  
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Figure 5-11. Carbon revenue transfers as a percentage of world consumption. The total
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would apply whether the restrictions were imposed by cap-and-trade measures or by
carbon taxes. The transfers are carbon prices times carbon use, while the denominator
of the fraction is world consumption expenditures.
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M E M O 
 
Date:  January 24, 2013 
 
To:  File 
 
From:   Dylan Loudon 
 
Subject:  Upper York Creek Dam Annual No Project Alternative Costs 
  
 
Annual maintenance costs for the No Project Alternative were calculated using 
the City of St. Helena’s SHEA Salary Schedule, FY 2011-2012 Step C pay rates.  
The costs were marked up 30% from the salary schedule to compensate for 
payroll and other costs. It is estimated that 3 days of site inspection by a Public 
Works Supervisor and 3 days cleaning out accumulated debris by a 2-person 
labor crew and one supervisor are required. In addition, an average of 3,500 
cubic yards of sediment would need to be removed annually from upstream of 
the dam.  An industry standard of $35/cubic yard was used. 
 

Units Personnel Activity Total 
3 person 

day Public Works Supervisor Inspect dam site $1,000.31 
3 person 

day Public Works Supervisor Oversee clean out 
accumulated debris 1,000.31 

6 person 
day Laborers Clean out accumulated 

debris 1,282.78 

3,500 cy  Offhaul accumulated 
sediment to landfill 122,500.00 

   $125,783.40 
 
 
Further, as long as the dam continues to block salmonid migration, the City pays 
an annual  $20,000 assessment to NMFS. Total on-going, annual costs for the No 
Project Alternative are:  
 

Maintenance: $125,783.40 
NMFS assessment:     20,000.00 

 $145,783.40 
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PROJECT SUMMARY 

 

York Creek Dam Removal and Stream Restoration Project 

 

Part 1.  Introduction 

  
The purpose of this initial study/environmental assessment (IS/EA) is to determine 
whether the proposed project would result in any potentially significant impacts to the 
environment and, if so, to incorporate mitigation measures to reduce or eliminate 
potentially significant effects to a less-than-significant level.  This IS/EA has been 
prepared pursuant to the California Environmental Quality Act (CEQA) and the National 
Environmental Policy Act.  

 

Environmental Setting 

 
The York Creek watershed originates from the California Coast Ranges on the 

western side of the Napa Valley watershed at an elevation of approximately 1,800 feet 
(550 m) (Figure 1). The York Creek watershed is about 5 square miles (13 km3).  The 
creek flows in an easterly direction through a narrow canyon before joining the Napa 
River northeast of St. Helena at an elevation of approximately 225 feet (69 m).  The City 
of St. Helena maintains the only pre-1914 appropriative water rights for York Creek.  
Approximately 2.5 miles (4.0 km) upstream from the mouth of York Creek, a concrete 
masonry diversion structure diverts water from York Creek to the St. Helena Lower 
Reservoir.  The Lower Reservoir, located on an unnamed tributary to York Creek, 
supplies water for irrigation and other municipal uses and has a capacity of 
approximately 200 acre-feet.  St. Helena Upper Dam (York Creek Dam) and Reservoir 
(Upper Reservoir) on York Creek are located approximately 0.5 miles (0.8 km) upstream 
of the diversion structure in York Creek Canyon (Figure 2).  York Creek Dam and Upper 
Reservoir are no longer used for water supply.  Other landowners adjacent to York Creek 
have riparian rights to water in York Creek and divert water via pumps placed in the 
stream. 
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Land use in the York Creek watershed consists of forested open-space, agriculture 
(primarily viticulture), and residential.  Vineyards have been developed throughout the 
watershed, but particularly on the valley floor near the confluence of York Creek and the 
Napa River where two large wineries, Beringer and Krug, are located.  Residential areas 
within the city limits of St. Helena occur primarily between Highway 12 (River Mile 1.0 
of York Creek) and approximately River Mile 1.75 of York Creek.  Stevenson Junior 
High School is located south of the intersection between York Creek and Highway 12. 

Spring Mountain Road is a two-lane county road that runs adjacent to York Creek 
for nearly 2.5 miles and crosses the creek via three bridges.  Several culverts carry water 
from unnamed tributaries that run under Spring Mountain Road and into York Creek.  
Three of the culverts empty into Upper Reservoir.   

 

Purpose and Need of the Project 

 
York Creek Dam and the Diversion Structure on York Creek have been identified 

as significant obstacles to passage for federally listed steelhead (Oncorhynchus mykiss) in 
the threatened Central California Coast (CCC) Evolutionary Significant Unit. The 
channel of York Creek that is impacted by the current diversion configuration is known 
to provide spawning and rearing habitat for CCC steelhead.  The National Marine 
Fisheries Service (NMFS) has recognized that the diversion (1) is an impediment to 
steelhead passage, (2) has a screen that does not meet NMFS or Department of Fish and 
Game (DFG) criteria, and (3) likely is operated in a manner that results “in entrainment 
related mortality (take) of steelhead” (NMFS 2000b). York Creek Dam is a complete 
barrier to upstream fish migration.   

In addition, since the City has owned York Creek Dam, there have been four 
documented silt discharges from the dam into York Creek that have caused kills of fish 
and other aquatic organisms. The most recent silt discharge occurred in July 1992 during 
routine maintenance of the reservoir outlet structure.  After the 1992 discharge, DFG 
filed a complaint with the Napa County District Attorneys Office.  In 1993, DFG and the 
Napa County District Attorney’s Office obtained an injunction in State Superior Court 
ordering the City to remove York Creek Dam. As a result of the legal action, the City 
agreed to a settlement in 1993 that mandated the removal of York Dam.  Recently, the 
Superior Court of Napa County dismissed the injunction against the City.  Since 1993, 
the City has not used Upper Reservoir as a water source, but the reservoir has been 
periodically dredged.  Approximately 9,500 yd3 of sediment have re-deposited in the 
reservoir since the 1993 dredging following several years of above average rainfall.  York 
Creek meanders widely and braids as it flows through the sediment in Upper Reservoir 
and forms shallow pools in some areas.  The flow through Upper Reservoir went 
subsurface during the driest period of 2001 and most likely goes subsurface during most 
years. 

Through implementation of the proposed project there is an opportunity to 
remove both York Creek Dam and the diversion structure thereby improving fish passage 
in York Creek.  The proposed project will further provide improved fish passage by 
raising the streambed elevation below the diversion with boulder weirs to reduce the 
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Steelhead smolt length (measured as fork length) during the past four years of sampling has 
averaged 187mm (7.4 inches). The median steelhead smolt size was 179mm (7.0 inches) in 
2012.   It appears that the size and range of steelhead smolts has varied little during the past 
four years (Figure 9), despite significant variability in environmental conditions including rainfall 
amounts and timing as well as seasonal flow patterns.  Several studies have found a strong 
correlation between steelhead smolt size and ocean survival rates, with larger smolts having 
greater odds of returning as adults (Bond et al 2008, Ward and Slaney1988, Ward et al 1989).  
Given their large size, we would expect Napa River steelhead smolts to have relatively high 
ocean survival rates, perhaps 15-25% based on literature. 
 
 
 

 
 
Figure 9.  Box plot of steelhead smolt length from the Napa River rotary screw trap 2009-2012.   
Note: The bottom and top of each box are the 25th and 75th percentiles respectively.  The line near the middle of 
each box is the median, and the vertical lines (whiskers) represent the lowest and highest values within 1.5 times 
the inter-quartile range.  The maximum outlier values represent the largest individual measurement for each year. 
 
 
Steelhead smolts were collected consistently throughout the 2012 season with the highest 
numbers captured during the third week in April.  As observed in previous years, the highest 
steelhead catches corresponded with elevated flows following storms (Figure 10).  Chinook 
salmon smolts were collected more regularly toward the end of the season with a peak around 
early May (Figure 11). 
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wilderness experience offered by the Wild Rogue, the per fish and total 
willingness to pay (WTP) shown in Table 8 are likely low for that section of 
the river.  

Table 8: Estimated Annual WTP by Sport Anglers for Rogue River 
Salmon, 2007 Dollars 

Species Catch 
Location 

Estimated 
2007 Catch 

WTP Per 
Fish 

Estimated 
Total WTP 

Upper 
Bound WTP 

Ocean   6,488  $64 $412,696 $412,696 
Coho 

River  1,200  $157 $188,732 $363,404 

Ocean   5,355  $64 $340,600 $340,600 
Chinook 

River  15,988  $232 $3,711,003 $10,946,101 

Ocean  1,040  $126 $131,130 $160,447 
Steelhead 

River  4,165  $299 $1,246,599 $3,789,289 

Total Sport Fishing 34,236  $6,030,759 $16,012,535 

Source: ECONorthwest analysis of results from studies presented in Table 7 and data from Oregon Department 
of Fish and Wildlife (http://www.dfw.state.or.us/resources/fishing/sportcatch.asp) 

3. NON-USE VALUE OF ROGUE RIVER SALMON 
Even those who do not consume salmon or steelhead may benefit from their 
existence. In fact, the non-use value of an environmental resource is often far 
greater than it’s commercial or sport value. Non-use value can take several 
different forms: option value, which is the value of saving a good for use at 
another time; bequest value, the value of saving a good for future 
generations; altruistic value, the value of saving a good for others to use now; 
and existence value, the value of saving a good for the sake of its existence21. 
Surveys indicate that, in aggregate, residents of the Pacific Northwest and 
California place a much higher non-use value on salmon than they do use 
value. Only a relatively small proportion of West Coast residents participate 
in fishing for salmon and steelhead. Thus there are many fewer households 
over which to aggregate total value. For example, based on information from 
the 2006 National Survey of Fishing, Hunting, and Wildlife-Associated 
Recreation: Oregon, 455,000 Oregonians age 16 or older participated in 
fishing in 2006, out of a 16+ population of 2,894,050. This represents only 
16% of Oregon’s 16 and older population22. Comparatively, based on 
household survey results, a much larger percentage of Oregonians (and 
Americans in general) value Northwest salmon even though they likely will 
never participate in salmon fishing or even view a wild salmon (see Loomis, 
1999, Pate and Loomis 1997, Loomis 1996).  

                                                

21 Schuhmann, P.W. and K.A. Schwabe. 2002. “Fundamentals of Economic Principles and Wildlife Management.” In L. 
Clark, J. Hone, J.A. Shivik, R.A. Watkins, K.C. VerCauteren, and J.K. Yoder, eds., Human Conflicts with Wildlife: 
Economic Considerations. Proceedings of the Third NWRC Special Symposium. Fort Collins, CO: National Wildlife 
Research Center from http://www.aphis.usda.gov/ws/nwrc/symposia/economics/. 

22 U.S. Department of Interior, Fish & Wildlife Service, and U.S. Department of Commerce, U.S. Census Bureau. 2006 
National Survey of Fishing, Hunting, and Wildlife-Associated Recreation: Oregon. 
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Loomis (1999) estimated the marginal non-use value of salmon and steelhead 
on the Lower Snake River to residents of Oregon, Washington, and 
California23. The results of the analysis indicate that, as one would expect, the 
marginal value (i.e., the value of the next additional salmon) goes down as 
the total population of salmon goes up. At very low populations, (e.g. fewer 
than 5,000 total fish) the marginal value of an additional fish is more than 
$1.0 million. This immense per-fish value embodies the scarcity associated 
with a small fish population and society’s desire to preserve the species for 
current and future generations. 

Based on the results of the survey analysis and through the incorporation of 
information from other surveys, Loomis (1999) developed a marginal WTP 
benefit function, which provides estimates of the marginal value of a fish 
based on the size of the underlying population. He then demonstrates that as 
the underlying population increases, the marginal value that society places 
on increasing the population by one fish decreases. For example, based on a 
salmon population of 500,000, the marginal value of one additional fish is 
$1,595. However, the marginal value of a second additional fish (e.g., the 
marginal value based on a salmon population of 500,001) is only $1,539. 

Loomis (1999) developed the marginal WTP benefit function based on 
analysis of society’s WTP to increase the salmon populations on the lower 
Snake River. Based on comments from one or more reviewers of his analysis, 
he contends that the benefit function may in fact be representative of the 
entire Pacific Northwest salmon population. What this means is that, though 
there are many distinct populations of salmon throughout the Pacific 
Northwest, many Northwest and California residents do not differentiate 
between salmon of various populations. Society’s concern is for the overall 
welfare of salmon populations throughout the Northwest. Thus, the value 
that society places on the marginal fish returning to spawn in any one 
Northwest river is a function of the aggregate count of all salmon returning 
to spawn in all Northwest rivers. The result of embracing the assumption 
that society views all Northwest salmon as members of one Northwest-wide 
population, is that society’s WTP for the marginal salmon of any actual 
(biological) population will be lower than if society viewed each biological 
population separately.  

To estimate the society’s non-use WTP for Rogue River salmon and the value 
society places on the entire population of Rogue River salmon we embrace the 
all-Northwest assumption regarding the WTP benefit function for Rogue 
River salmon. In doing so, we acknowledge that our estimates of the non-use 
or existence value represents a lower bound estimate of the actual non-use 
value society places on Rogue River salmon. That is, although we are unsure 
of society’s actual non-use WTP for Rogue River salmon, we are confident 

                                                

23 Loomis reviewed and augmented survey data from three other studies which asked households in the Pacific 
Northwest and California how much they were willing to pay for a specified increase in the number of either salmon or 
salmon and steelhead on a given river as a result of dam removal. None of the fish in these studies were endangered 
which is an important consideration when relating the results of these studies to other rivers since individuals will likely 
place greater existence value on an endangered species than on a non-endangered species.  
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that it is no lower than and may be much higher than the estimated value 
based on the WTP benefit function developed by Loomis (1999). 

Table 9 shows the estimated marginal and average values of Rogue River 
salmon, as well as the total value of the Rogue River fishery based on various 
assumptions about the entire population of Northwest salmon. To our 
knowledge, “official” estimates of the aggregate population of Northwest 
salmon are not available.24 However, based on escapement counts25 for the 
Columbia River system from the Pacific Fishery Management Council 
(PFMC), we estimate the 10-year average annual salmon escapement for the 
Northwest to be approximately 830,000 fish.26 Based on this estimate of the 
Northwest salmon population, we estimate society’s annual marginal non-use 
WTP for a Rogue River salmon to be $1,008, the average WTP to be $1,824, 
and the total annual non-use WTP of the entire Rogue River salmon fishery 
to be just over $1.5 billion.  

At first glance, these numbers appear to be very large. However, consider 
that these estimates are aggregated across the entire population of Oregon, 
Washington, and California—more than 46 million people in 2007. The per-
person value of the entire Rogue River salmon fishery is $32.37 per year. 
Another perspective from which to view the annual value of the fishery is to 
compare it to the economic output of the 3-state region. Based on Bureau of 
Economic Analysis data (BEA), the combined gross state product of the three 
states was $2.28 trillion. The estimated annual value of the Rogue River 
fishery represents a mere 0.07% of the total annual output for 2007. 

                                                

24 We define “aggregate population” as the 10-year average salmon escapement summed across all Northwest river 
systems. 

25 Escapement is the annual count of salmon and steelhead returning to their spawning ground or hatchery.  

26 The PFMC 2007 report can be found at: http://www.pcouncil.org/salmon/salsafe.html.  
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Table 9: Annual Non-Use Value of Rogue River Salmon, 2007 Dollars* 
Assumed 

Northwest Salmon 
Population 

Marginal Value of 
a Rogue River 

Salmon 

Average Value of 
a Rogue River 

Salmon 

Total Value of 
Rogue River Salmon 

Population 
500,000 $1,595 $4,892  $2,446,138,182 

750,000 $1,112 $2,217  $1,662,959,665 

828,282 $1,008 $1,824  $1,514,072,103 

1,000,000 $822 $1,266  $1,266,345,698 

1,250,000 $793 $821  $1,026,859,060 

1,500,000 $525 $576  $863,315,110 

Source: ECONorthwest analysis of results from Loomis, J. 1999. Recreation and Passive Use Values From 
Removing the Dams on the Lower Snake River to Increase Salmon. Agricultural Enterprises, Inc. for the 
Department of the Army Corps of Engineers; data from the Pacific Fishery Management Council 
(http://www.pcouncil.org/salmon/salsafe.html)  and data from Oregon Department of Fish and Wildlife 
(http://www.dfw.state.or.us/resources/fishing/sportcatch.asp). 
* Consistent with the results of the WTP salmon question in the 1996 through 2006 Oregon Population Surveys, 
we assume no inflationary growth in the WTP between 1996 (the data year of the Loomis 1999 study) and 
2007.  

Table 9 also provides estimates of the value of Rogue River salmon based on 
alternative assumptions regarding the size of the entire Northwest salmon 
population. The declining values associated with increasing salmon 
populations shown in Table 9 are consistent with economic principles of 
diminishing marginal value. Under an assumption of relative scarcity (e.g. a 
total average annual escapement of 500,000 salmon across all Northwest 
rivers), the marginal value of Rogue River salmon is greater. And under the 
alternative assumption of relative abundance (e.g. 1.5 million salmon), the 
marginal value of Rogue River salmon is less. Stated another way, as local, 
regional, and oceanic conditions worsen for Northwest salmon, the value of 
the next Rogue River salmon increases.   

While the results of Loomis’ study provide insight into the values society 
place on salmon in general, it is important to realize that all salmon 
populations in the Northwest may not be valued the same. A 2005 report by 
Goodstein and Matson27 summarized and augmented research by Layton, 
Brown, and Plummer in 1999 on people’s willingness to pay for specific 
salmon restoration projects. Goodstein and Matson (2007) used these data to 
find the perceived economic benefit of restoring salmon populations or, 
alternatively, of avoiding further declines in salmon populations and they 
extended the data collected from Washington and Oregon households to 
households nationwide by assuming that residents outside of Oregon and 
Washington, on average, placed a value on salmon restoration equal to half 
that of Oregon and Washington residents. This is a conservative assumption 
according to other studies on the value of Pacific Northwest salmon for 
residents outside of the Northwest region. Table 10 summarizes their 
findings. 

                                                

27 Goodstein, E. and L. Matson. 2007. “Climate Change in the Pacific Northwest: Valuing Snowpack Loss for Agriculture 
and Salmon.” In J.D. Erickson and J.M. Gowdy, eds., Frontiers in Ecological Economic Theory and Applications. 
Northampton, MA: Edward Elgar. 
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Table 10: The Economic Benefits of Restoring Salmon Populations 
and of Preventing Further Declines in Salmon Populations 
The economic benefits to residents of Oregon and Washington of restoring salmon 
populations: 

Columbia River Salmon $2,890 per fish 

Washington Coastal Chum Salmon $872 per fish 

Oregon Coastal Coho Salmon $872 per fish 

Rogue River Coastal Coho Salmon $872 per fish 

Puget Sound Chinook Salmon $872 per fish 

The economic benefit per year, to residents of Oregon and Washington, of preventing 
further declines in wild-salmon populations: 

Preventing a one-third decline in 
populations 

$359 million - $3.6 billion 

Preventing a two-thirds decline in 
populations 

$718 million - $7.2 billion 

The economic benefit per year, to residents of the U.S., of preventing further declines in 
wild-salmon populations: 

Preventing a one-third decline in 
populations 

$5.4 billion - $54 billion 

Preventing a two-thirds decline in 
populations 

$10.9 billion - $109 billion 

Source: ECONorthwest with data from Goodstein, E. and L. Matson. 2007. “Climate Change in 
the Pacific Northwest: Valuing Snowpack Loss for Agriculture and Salmon.” In J.D. Erickson 
and J.M. Gowdy eds., Frontiers in Ecological Economic Theory and Application. Northampton, 
MA: Edward Elgar. 

One of the disadvantages of the reports of non-use value viewed thus far is 
that they take data only from one point in time and do not allow us to observe 
how residents’ willingness to pay for salmon recovery changes with changes 
in the economy and social structure. To observe trends in Oregonians’ 
willingness to pay for salmon habitat restoration and improved water quality, 
we look at the Biennial Oregon Population Survey, conducted by the Oregon 
Office of Economic Analysis and the Oregon Progress Board. The survey 
provides data from as far back as 1996 and asks Oregon residents, how much 
per month they are willing to pay for water quality and habitat improvement 
efforts to help improve salmon runs in Oregon. 

In 2006, the survey results showed, on average, that each Oregonian 
household was willing to pay $4.42 per month in 2008 dollars. Extending that 
value over the course of a year and multiplying the result by 1,333,723 
Oregon households, indicates that Oregonians alone are willing to pay a total 
of $75,958,977 per year to improve salmon runs. Figure 2 shows the average 
annual amount Oregonians stated they are willing to pay for water quality 
and salmon habitat improvements based on the results of the Oregon 
Population Survey. The willingness to pay remains fairly constant (in 
nominal dollars) throughout the years for which data are available indicating 
that Oregonians are willing to make a long-term commitment to protecting 
and improving salmon habitat. It also indicates that Oregonians have a 
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Abstract

By using ad hoc value transfer protocols, this paper offers a methodological
contribution and provides accurate per hectare estimates of the economic value
of some selected ecosystem services for all forest biomes in the world, identified
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FINAL REPORT                                                                        Central Napa River Watershed Project  

Reach 5 had a canopy density of 97%, and Reach 6 had a canopy density of 97%).  In general, revegetation 
projects are considered when canopy density is less than 80%.  Reaches 1 and 2 would benefit from riparian 
planting and restoration in areas with sparse canopy and narrow buffers.  Reach 2 has extensive areas of 
exotic vegetation that should be removed and replaced with native species.  
 
The percentage of right and left bank covered with vegetation was high at 71% and 73%, respectively.  In 
areas of stream bank erosion or where bank vegetation is sparse, planting native plant species, in conjunction 
with bank stabilization, is recommended.  Bank vegetation was most sparse in Reach 1. 
 
Overall, York Creek is one of the most significant spawning and rearing streams for steelhead within the 
Napa Basin.  Reach 1 and 2 have been adversely affected by riparian encroachment, levee construction, road 
building, and channel modifications (i.e. straightening).  Reaches 2, 3, and 4 are the only reaches currently 
accessible and suitable for steelhead spawning and rearing.  These reaches contain high quality habitat and 
sustained flow.  Reach 1 contains limited rearing habitat, primarily above Highway 29.  The instream 
reservoir on York Creek is scheduled for removal in 2006-2008 by the US Army Corps of Engineers and the 
City of St. Helena.  Removing the reservoir will allow access to over 1.5 miles of high quality steelhead 
habitat.  The upper reaches of York Creek offer excellent rearing and spawning habitat, and creating access to 
these areas will greatly benefit the overall steelhead population. 
 
A small diversion dam in Reach 3 that was identified in our 2003 habitat survey was removed by the City of 
St. Helena in 2004 and restored to allow fish passage.  The site is a significant improvement to fish migration 
in York Creek. 
 
A complete inventory of 35 potential restoration sites for York Creek has been compiled and prioritized in 
section 4 of this report. 
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INITIAL STUDY / PROPOSED MITIGATED NEGATIVE 

DECLARATION FOR THE YORK CREEK DAM REMOVAL AND 

STREAM RESTORATION PROJECT, NAPA COUNTY, 

CALIFORNIA 

 
July 2002 

 
Lead Agency: 

The City of St. Helena 

 
 

PROJECT SUMMARY 

 

York Creek Dam Removal and Stream Restoration Project 

 

Part 1.  Introduction 

  
The purpose of this initial study/environmental assessment (IS/EA) is to determine 
whether the proposed project would result in any potentially significant impacts to the 
environment and, if so, to incorporate mitigation measures to reduce or eliminate 
potentially significant effects to a less-than-significant level.  This IS/EA has been 
prepared pursuant to the California Environmental Quality Act (CEQA) and the National 
Environmental Policy Act.  

 

Environmental Setting 

 
The York Creek watershed originates from the California Coast Ranges on the 

western side of the Napa Valley watershed at an elevation of approximately 1,800 feet 
(550 m) (Figure 1). The York Creek watershed is about 5 square miles (13 km3).  The 
creek flows in an easterly direction through a narrow canyon before joining the Napa 
River northeast of St. Helena at an elevation of approximately 225 feet (69 m).  The City 
of St. Helena maintains the only pre-1914 appropriative water rights for York Creek.  
Approximately 2.5 miles (4.0 km) upstream from the mouth of York Creek, a concrete 
masonry diversion structure diverts water from York Creek to the St. Helena Lower 
Reservoir.  The Lower Reservoir, located on an unnamed tributary to York Creek, 
supplies water for irrigation and other municipal uses and has a capacity of 
approximately 200 acre-feet.  St. Helena Upper Dam (York Creek Dam) and Reservoir 
(Upper Reservoir) on York Creek are located approximately 0.5 miles (0.8 km) upstream 
of the diversion structure in York Creek Canyon (Figure 2).  York Creek Dam and Upper 
Reservoir are no longer used for water supply.  Other landowners adjacent to York Creek 
have riparian rights to water in York Creek and divert water via pumps placed in the 
stream. 
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Land use in the York Creek watershed consists of forested open-space, agriculture 
(primarily viticulture), and residential.  Vineyards have been developed throughout the 
watershed, but particularly on the valley floor near the confluence of York Creek and the 
Napa River where two large wineries, Beringer and Krug, are located.  Residential areas 
within the city limits of St. Helena occur primarily between Highway 12 (River Mile 1.0 
of York Creek) and approximately River Mile 1.75 of York Creek.  Stevenson Junior 
High School is located south of the intersection between York Creek and Highway 12. 

Spring Mountain Road is a two-lane county road that runs adjacent to York Creek 
for nearly 2.5 miles and crosses the creek via three bridges.  Several culverts carry water 
from unnamed tributaries that run under Spring Mountain Road and into York Creek.  
Three of the culverts empty into Upper Reservoir.   

 

Purpose and Need of the Project 

 
York Creek Dam and the Diversion Structure on York Creek have been identified 

as significant obstacles to passage for federally listed steelhead (Oncorhynchus mykiss) in 
the threatened Central California Coast (CCC) Evolutionary Significant Unit. The 
channel of York Creek that is impacted by the current diversion configuration is known 
to provide spawning and rearing habitat for CCC steelhead.  The National Marine 
Fisheries Service (NMFS) has recognized that the diversion (1) is an impediment to 
steelhead passage, (2) has a screen that does not meet NMFS or Department of Fish and 
Game (DFG) criteria, and (3) likely is operated in a manner that results “in entrainment 
related mortality (take) of steelhead” (NMFS 2000b). York Creek Dam is a complete 
barrier to upstream fish migration.   

In addition, since the City has owned York Creek Dam, there have been four 
documented silt discharges from the dam into York Creek that have caused kills of fish 
and other aquatic organisms. The most recent silt discharge occurred in July 1992 during 
routine maintenance of the reservoir outlet structure.  After the 1992 discharge, DFG 
filed a complaint with the Napa County District Attorneys Office.  In 1993, DFG and the 
Napa County District Attorney’s Office obtained an injunction in State Superior Court 
ordering the City to remove York Creek Dam. As a result of the legal action, the City 
agreed to a settlement in 1993 that mandated the removal of York Dam.  Recently, the 
Superior Court of Napa County dismissed the injunction against the City.  Since 1993, 
the City has not used Upper Reservoir as a water source, but the reservoir has been 
periodically dredged.  Approximately 9,500 yd3 of sediment have re-deposited in the 
reservoir since the 1993 dredging following several years of above average rainfall.  York 
Creek meanders widely and braids as it flows through the sediment in Upper Reservoir 
and forms shallow pools in some areas.  The flow through Upper Reservoir went 
subsurface during the driest period of 2001 and most likely goes subsurface during most 
years. 

Through implementation of the proposed project there is an opportunity to 
remove both York Creek Dam and the diversion structure thereby improving fish passage 
in York Creek.  The proposed project will further provide improved fish passage by 
raising the streambed elevation below the diversion with boulder weirs to reduce the 





 
 

 

 
 
 
 
 

M E M O 
 
Date:  January 24, 2013 
 
To:  File 
 
From:   Dylan Loudon 
 
Subject:  Upper York Creek Dam Annual No Project Alternative Costs 
  
 
Annual maintenance costs for the No Project Alternative were calculated using 
the City of St. Helena’s SHEA Salary Schedule, FY 2011-2012 Step C pay rates.  
The costs were marked up 30% from the salary schedule to compensate for 
payroll and other costs. It is estimated that 3 days of site inspection by a Public 
Works Supervisor and 3 days cleaning out accumulated debris by a 2-person 
labor crew and one supervisor are required. In addition, an average of 3,500 
cubic yards of sediment would need to be removed annually from upstream of 
the dam.  An industry standard of $35/cubic yard was used. 
 

Units Personnel Activity Total 
3 person 

day Public Works Supervisor Inspect dam site $1,000.31 
3 person 

day Public Works Supervisor Oversee clean out 
accumulated debris 1,000.31 

6 person 
day Laborers Clean out accumulated 

debris 1,282.78 

3,500 cy  Offhaul accumulated 
sediment to landfill 122,500.00 

   $125,783.40 
 
 
Further, as long as the dam continues to block salmonid migration, the City pays 
an annual  $20,000 assessment to NMFS. Total on-going, annual costs for the No 
Project Alternative are:  
 

Maintenance: $125,783.40 
NMFS assessment:     20,000.00 

 $145,783.40 
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Introduction
International agreements recognize forestry activities 
as one way to sequester carbon, and thus mitigate the 
increase of carbon dioxide in the atmosphere; this may 
slow possible climate change effects. The United States 
initiated a voluntary reporting program in the early 
1990’s (U.S. Dep. Energy 2005). A system for developing 
estimates of the quantity of carbon sequestered in forest 
stands and harvested wood products1 throughout the 
United States is a vital part of the voluntary program. 
This system must be relatively easy to use, transparent, 
economical, and accurate. In this publication, we present 
methods and regional average tables that meet these 
criteria.

Carbon is sequestered in growing trees, principally 
as wood in the tree bole. However, accrual in forest 
ecosystems also depends on the accumulation of carbon 
in dead wood, litter, and soil organic matter. When wood 
is harvested and removed from the forest, not all of the 
carbon fl ows immediately to the atmosphere. In fact, the 
portion of harvested carbon sequestered in long-lasting 
wood products may not be released to the atmosphere for 
years or even decades. If carbon remaining in harvested 
wood products is not part of the accounting system, 
calculation of the change in carbon stock for the forest 
area that is harvested will incorrectly indicate that all 
the harvested carbon is released to the atmosphere 
immediately. Failing to account for carbon in wood 
products signifi cantly overestimates emissions to the 
atmosphere in the year in which the harvest occurs. 

We adopted the approach of Birdsey (1996), who 
developed tables of forest carbon stocks and carbon in 
harvested wood to provide basic information on average 
carbon change per area. The tables are commonly referred 
to as “look-up tables” because users can identify the 
appropriate table for their forest, and look up the average 
regional carbon values for that type of forest. We have 
updated the tables by using new inventory surveys, forest 

carbon and timber projection models, and a more precise 
defi nition of carbon pools. We also include additional 
forest types and background information for customizing 
the tables for a user’s specifi c needs.

The look-up tables are categorized by region, forest 
type, previous land use, and, in some cases, productivity 
class and management intensity. Users must identify 
the categories for their forest, estimate the area of 
forestland, and, if needed, characterize the amount of 
wood harvested from the area in a way that is compatible 
with the format of the look-up tables. The average 
carbon estimates per area in the look-up tables must 
be multiplied by the area or, as appropriate, harvested 
volumes, to obtain estimates in total carbon stock or 
change in carbon stock.

The estimates in the look-up tables are called “average 
estimates,” indicating that they should be used when it 
is impractical to use more resource-intensive methods 
to characterize forest carbon, that is, particularly when 
more specifi c information is not available. Because these 
tables represent averages over large areas, the actual 
carbon stocks and fl ows for specifi c forests, or projects, 
may differ. The look-up tables should not be used when 
conditions for a project or site differ greatly from the 
classifi cations specifi ed for the tables. Some users may 
require an alternative to an “all-or-nothing” use of the 
tables because they may have some information and need 
to use the tables to supplement, or fi ll in gaps, in carbon 
stocks. Alternatively, users may require slight alterations 
to the tabular data provided. Therefore, we also include 
the underlying assumptions and appropriate citations so 
that the tables can be adjusted to data availability and 
information requirements of individual activities.

The focus of this document is to explain the 
methodology in a transparent way and present sets of 
look-up tables for quantifying forest carbon when site-
specifi c information is limited. In the sections that follow, 
we introduce the tables and provide general guidance 
for their use. First, tables of forest ecosystem carbon 
are presented; these are followed by tables to calculate 
the disposition of carbon in harvested wood products. 
Additional information on methods and data sources 

1Traditionally, the phrase “forest products” includes paper, but 
the phrase “wood products” does not.  The literature for forest 
carbon has not recognized this distinction.  Thus, we use the 
phase “wood products” to include all forest products including 
paper.



 

 

B21.— Regional estimates of timber volume and carbon stocks for alder-maple stands with 
afforestation of land in the Pacific Northwest, West 

Mean carbon density 

Age Mean 
volume 

Live tree 
Standing 
dead tree 

Under-
story 

Down 
dead 
wood 

Forest 
floor 

Soil 
organic 

Total 
nonsoil 

years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.7 0.0 0.0 86.4 4.7 
5 0.0 8.0 0.8 4.7 0.8 1.8 86.7 16.1 

15 49.5 31.0 3.1 3.7 2.9 4.4 88.9 45.2 
25 229.7 99.4 9.9 2.8 9.4 6.2 92.8 127.8 
35 380.8 153.8 15.4 2.5 14.6 7.6 97.6 193.9 
45 513.7 200.8 20.1 2.4 19.0 8.6 102.4 250.9 
55 633.3 242.5 22.2 2.3 23.0 9.4 106.7 299.4 
65 742.1 280.1 23.9 2.2 26.5 10.1 109.9 342.8 
75 842.1 314.4 25.3 2.2 29.8 10.7 112.2 382.4 
85 934.5 346.0 26.6 2.1 32.8 11.1 113.6 418.6 
95 1,020.3 375.2 27.7 2.1 35.5 11.5 114.5 452.0 

105 1,100.3 402.2 28.7 2.0 38.1 11.9 114.9 483.0 
115 1,175.0 427.4 29.6 2.1 40.5 12.2 115.1 511.8 
125 1,244.9 450.9 30.4 2.3 42.7 12.4 115.2 538.7 
years ft3/acre --------------------------------------- tonnes carbon/acre ---------------------------------------- 

0 0 0.0 0.0 1.9 0.0 0.0 35.0 1.9 
5 0 3.2 0.3 1.9 0.3 0.7 35.1 6.5 

15 708 12.6 1.3 1.5 1.2 1.8 36.0 18.3 
25 3,282 40.2 4.0 1.1 3.8 2.5 37.6 51.7 
35 5,442 62.3 6.2 1.0 5.9 3.1 39.5 78.5 
45 7,342 81.3 8.1 1.0 7.7 3.5 41.5 101.5 
55 9,050 98.1 9.0 0.9 9.3 3.8 43.2 121.1 
65 10,605 113.3 9.7 0.9 10.7 4.1 44.5 138.7 
75 12,034 127.2 10.3 0.9 12.1 4.3 45.4 154.7 
85 13,355 140.0 10.8 0.9 13.3 4.5 46.0 169.4 
95 14,582 151.8 11.2 0.8 14.4 4.7 46.3 182.9 

105 15,725 162.8 11.6 0.8 15.4 4.8 46.5 195.4 
115 16,792 173.0 12.0 0.9 16.4 4.9 46.6 207.1 
125 17,791 182.5 12.3 0.9 17.3 5.0 46.6 218.0 
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Urbanization affects stream ecosystem function by altering 
hydrology, chemistry, and biotic richness. 

Chadwick MA, Dobberfuhl DR, Benke AC, Huryn AD, Suberkropp K, Thiele JE. 

Source 

Department of Biological Sciences, University of Alabama, Tuscaloosa 35487, USA. 
chadwick@bama.ua.edu 

Abstract 

Catchment urbanization can alter physical, chemical, and biological attributes of stream ecosystems. In 
particular, changes in land use may affect the dynamics of organic matter decomposition, a measure of 
ecosystem function. We examined leaf-litter decomposition in 18 tributaries of the St. Johns River, 
Florida, USA. Land use in all 18 catchments ranged from 0% to 93% urban which translated to 0% to 
66% total impervious area (TIA). Using a litter-bag technique, we measured mass loss, fungal biomass, 
and macroinvertebrate biomass for two leaf species (red maple [Acer rubrum] and sweetgum 
[Liquidambar styraciflua]). Rates of litter mass loss, which ranged from 0.01 to 0.05 per day for red maple 
and 0.006 to 0.018 per day for sweetgum, increased with impervious catchment area to levels of 
approximately 30-40% TIA and then decreased as impervious catchment area exceeded 40% TIA. 
Fungal biomass was also highest in streams draining catchments with intermediate levels of TIA. 
Macroinvertebrate biomass ranged from 17 to 354 mg/bag for red maple and from 15 to 399 mg/bag for 
sweetgum. Snail biomass and snail and total invertebrate richness were strongly related to breakdown 
rates among streams regardless of leaf species. Land-use and physical, chemical, and biological 
variables were highly intercorrelated. Principal-components analysis was therefore used to reduce the 
variables into several orthogonal axes. Using stepwise regression, we found that flow regime, snail 
biomass, snail and total invertebrate richness, and metal and nutrient content (which varied in a nonlinear 
manner with impervious surface area) were likely factors affecting litter breakdown rates in these streams. 



IMPERVIOUS SURFACE AREA AS A PREDICTOR OF THE EFFECTS

OF URBANIZATION ON STREAM INSECT COMMUNITIES IN

MAINE, U.S.A.

CHANDLER C. MORSE, ALEXANDER D. HURYN∗ and CHRISTOPHER CRONAN
Department of Biological Sciences, University of Maine, Orono, Maine, U.S.A.

(∗ author for correspondence, e-mail: huryn@maine.maine.edu)

(Received 23 January 2002; accepted 22 October 2002)

Abstract. The influence of urbanization on stream insect communities was determined by comparing

physical, chemical, and biological characteristics of streams draining 20 catchments with varying

levels of urban land-cover in Maine (U.S.A). Percent total impervious surface area (PTIA), which

was used to quantify urban land-use, ranged from∼1–31% among the study catchments. Taxonomic

richness of stream insect communities showed an abrupt decline as PTIA increased above 6%.

Streams draining catchments with PTIA < 6% had the highest levels of both total insect and EPT

(Ephemeroptera + Plecoptera + Trichoptera) taxonomic richness. These streams contained insect

communities with a total richness averaging 33 taxa in fall and 31 taxa in spring; EPT richness

ranged from an average of 15 taxa in fall and 13 taxa in spring. In contrast, none of the streams

draining catchments with 6–27% PTIA had a total richness > 18 taxa or an EPT richness > 6 taxa.

Insect communities in streams with PTIA > 6% were characterized by the absence of pollution-

intolerant taxa. The distribution of more pollution-tolerant taxa (e.g. Acerpenna (Ephemeroptera);

Paracapnia, Allocapnia (Plecoptera); Optioservus, Stenelmis (Coleoptera); Hydropsyche, Cheumat-

opsyche (Trichoptera)), however, showed little relation to PTIA. In contrast to the apparent threshold

relationship between PTIA and insect taxonomic richness, both habitat quality and water quality

tended to decline as linear functions of PTIA. Our results indicate that, in Maine, an abrupt change in

stream insect community structure occurs at a PTIA above a threshold of approximately 6% of total

catchment area. The measurement of PTIA may provide a valuable tool for predicting thresholds for

adverse effects of urbanization on the health of headwater streams in Maine.

Keywords: bioassessment, biomonitoring, urban land use, urban streams, stream insects

1. Introduction

Urban land-use covers at least 26 million hectares of the U.S.A. (Vesterby, 1994).

This area is expected to increase rapidly within the next few decades, primarily due

to the expansion of suburbs that surround centralized metropolitan areas (O’Hara,

1997). The expansion of suburbs – a process popularly known as ‘urban sprawl’ –

results in the rapid conversion of agricultural and forested lands to urban land-use

(Peiser, 1989).

Urban land-use is associated with physical, chemical and biological changes

to stream ecosystems. Physical changes include channel widening and incision,

and increased rates of erosion and sedimentation (Leopold, 1968; Hammer, 1972;

Environmental Monitoring and Assessment 89: 95–127, 2003.

© 2003 Kluwer Academic Publishers. Printed in the Netherlands.
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TABLE I

Summary of studies of the effect of urbanization and PTIA on the stream insect communities

Source State/ PTIA Invertebrate community response

province threshold

Klein (1979) MD 10% Decreased diversity with urbanization

Benke et al. (1981) GA n.d.a Decreased diversity with urbanization

Pratt et al. (1981) MA n.d. Decreased diversity with urbanization; loss

of sensitive taxa

Duda et al. (1982) NC n.d. Decreased diversity and loss of sensitive taxa

with urbanization; shift toward tolerant taxa

(Chironomidae, Oligochaeta)

Whiting and Clifford

(1983)

AB n.d. Increased density and decreased diversity

with urbanization; loss of sensitive taxa;

shift toward tolerant taxa (Tubificidae,

Chironomidae)

Pedersen and Perkins

(1986)

WA n.d. Decreased functional diversity with urbaniz-

ation

Jones and Clark (1987) VA 15–25%b Decreased diversity with urbanization; in-

creased relative abundance of tolerant taxa

(Chironomidae)

Schueler and Galli

(1992)c
MD 15% Decreased diversity with urbanization

Garie and MacIntosh

(1986)

NJ n.d. Decreased population density and decreased

richness and loss of sensitive taxa with urb-

anization; shift in dominance toward tolerant

taxa (Tubificidae, Chironomidae)

Shaver et al. (1995) DE 8–15% Decreased diversity with urbanization

Maxted (1996) DE 10–15% Loss of sensitive taxa with urbanization;

shift toward tolerant taxa (Chironomidae)

May (1997) WA 5–10% Decreased multimetric scores with urbaniz-

ation

a n.d. = No data.
b Conversion of measure of urban intensity by Jones and Clark (1987) to PTIA using Schueler

(1994).
c From Schueler (1994).

Whipple et al., 1981; Arnold et al., 1982; Booth, 1990). These physical changes

are related to alterations of the hydrologic regime (Hollis, 1975; Ragan et al., 1977;

Booth, 1991). Chemical changes include elevated levels of organic compounds,

suspended and dissolved solids, nutrients (nitrogen and phosphorus), and heavy

metals (Porcella and Sorenson, 1980). Physical and chemical changes that occur

as a stream catchment is urbanized are correlated with biological changes such as

alterations in the community composition of stream insects (Table I).
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Schueler (1994) synthesized the available information concerning the effects of

urbanization on stream ecosystems and concluded that the percentage of the total

impervious area (PTIA) within a stream’s catchment may serve as a predictor of

environmental degradation. He reported that stream health, as indicated by changes

in water and habitat quality, hydrology, and biodiversity, degraded rapidly as PTIA

increased to 10–20%, suggesting a possible threshold effect. Schueler (1992) had

previously proposed three categories of environmental stress that appeared to be

related to PTIA: stressed streams with 5–10% PTIA within their catchment, im-

pacted streams with 11–25% PTIA, and degraded streams with 26–100% PTIA.

His later review supported these categories and he suggested the need for further

research in varying locations to assess the potential for using PTIA to predict the

effects of future changes in land use on aquatic resources (Schueler, 1994).

In this article we attempt to answer two questions. First, is increasing urbaniza-

tion, as indicated by PTIA, correlated with degradation of the physical, chemical,

and biological characteristics of headwater streams in Maine? Second, do adverse

impacts of urbanization on streams occur at a threshold of 10–20% PTIA as sug-

gested by Schueler (1994)? We addressed these questions by comparing insect

community structure and indices of habitat and water quality among headwater

streams draining 20 catchments with PTIA levels ranging from ∼1 to 31% PTIA.

2. Methods

2.1. CATCHMENT SELECTION

The goal of the catchment selection process was to locate 20 catchments represent-

ing the range of urban land-cover occurring in southern and central Maine. Criteria

for selection included stream width, depth, discharge, gradient, substrate, habitat

structure, absence of obvious point sources of pollution, and geographical location.

Streams were required to be perennial with cobble riffle habitat. Their channels

were required to have an average width of ≤8 m, an average depth of ≤80 cm,

and an overall gradient of ≤4.0%. To further reduce variability, catchments were

selected in regional blocks that included at least one reference catchment and catch-

ments with low, moderate, and high PTIA. Reference catchments are defined as

those that are predominately forested and with <5% PTIA (Schueler, 1994). For

the initial catchment selection, urban intensity was estimated from 1:24 000 scale

United States Geological Survey (USGS) topographic maps, The Maine Atlas and

Gazetteer (DeLorme, 1997), and field inspection.

Twenty catchments, from over 300 assessed, met the selection criteria. Regional

blocks were selected in the vicinity of the cities of Bangor (44◦45′N, 68◦46′W;

area ∼90 km2, population ∼33 000 people), Anson/Madison (44◦48′N, 69◦53′W;

∼24 km2 and ∼21 000 people), Augusta (44◦18′N, 69◦47′W; ∼143 km2 and

∼21 000 people), and South Portland (43◦38′N, 70◦14′W; ∼31 km2 and ∼23 000
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5.3. WATER QUALITY

The relationship between stream water quality and urbanization shown in our study

was similar to that between habitat quality and urbanization. Base-flow water qual-

ity declined as PTIA increased, but this decline was manifested as relatively small

and incremental changes. For example, even in the worst case scenario, DO con-

centrations rarely dropped below the 5 mg L−1 threshold often used to indicate en-

vironmentally significant low DO concentrations (Roesner, 1982). Similarly, NO3-

N concentrations almost never attained levels that could be considered a significant

environmental problem. Only Pushaw contained an average NO3-N concentration

>0.6 mg L−1, the concentration identified by the USGS as the national background

level in streams (USGS, 1999). The results of our study, like those of similar stud-

ies, indicate that minimal water quality degradation occurs with increasing urban

intensity when samples are taken during baseflow (Benke et al., 1981; Garie and

MacIntosh, 1986; Jones et al., 1996). Our results are consistent with those of May

et al. (1997), who reported significant water quality problems occurred only for

streams draining catchments with >45% PTIA, a level of urban intensity greater

than those found within this study.

5.4. HABITAT QUALITY, WATER QUALITY, AND INSECT COMMUNITY

STRUCTURE

The fundamental relationship between habitat characteristics and stream insect

community structure (Ward, 1992) suggests that the decline in habitat quality as

PTIA increased was a factor determining the parallel decrease in insect taxonomic

richness. It should be noted, however, that streams with unusually high or low

values for the QHI (Airport I, Long Creek, Airport II, and Brewer) or SRISCI

(Jones Brook, Airport II, and Brewer) did not have noticeably greater or lesser

taxonomic richness of their insect communities.

Because of the occurrence of high densities of Chironomidae and Hydropsyche

in the more urbanized catchments, it may be inferred that increased sedimenta-

tion contributed to the simplification of insect community structure as PTIA in-

creased. This is because some taxa of the Chironomidae (Merritt and Cummins,

1996) and Hydropsyche (Runde and Hellenthak, 2000) are known to tolerate high

levels of silt. Nevertheless, even the maximum TSS concentrations observed in this

study were low compared with levels considered to be environmentally damaging

(<10 mg L−1; Marsh, 1991). Furthermore, results of the pebble count procedure

also indicated that D10 particle size was not significantly related to PTIA which

indicates that sedimentation was not a major environmental problem at the study

sites.

Duda et al. (1982), Whiting and Clifford (1983), and Pratt et al. (1981) all

suggested that degraded water quality resulting from runoff containing non-point

source (NPS) pollution was the causative agent for the degradation of the insect

communities in the urban streams they studied (Table I). In our study, specific con-
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ductance showed a strong positive relationship with PTIA (r2 = 0.74). This implies

that increased levels of chronic NPS pollution, due to dissolved materials such as

salt and heavy metals, enters streams in runoff from roads and parking lots as urban

land-cover increases. Pitt et al. (1995) noted that the effects of urban runoff on biota

are rarely from acute toxicity but rather from long-term chronic exposure. Chronic

NPS pollution could contain contaminants responsible for the simplification of

stream insect communities as PTIA increased. Yet, because streams with unusually

high specific conductance (Brewer), TSS (Long Creek), or NO3-N (Pushaw) did

not have unusually low levels of taxonomic richness of their insect communities,

the relationship between potential NPS and insect community structure remains

unclear.

We emphasize that significant relationships between attributes of insect com-

munity and the various indices of habitat and water quality cannot be considered

indicative of causation due to the correlative nature of this study. Each of these

categories of variables may show parallel responses to the effects of increasing

urban land-cover.

5.5. THE PTIA THRESHOLD

In the context of this study, PTIA is probably best considered a cumulative indicator

of the many influences of urbanization on stream ecosystems. This is reflected

by the correlation between increasing PTIA and the degradation of stream hab-

itat quality, water quality, and insect community structure (Table I). Rather than

a continuous relationship between attributes of insect community structure and

PTIA, however, the relationship appeared to be best described as a step function,

with abrupt changes occurring at an apparent threshold of PTIA. This threshold

effect is manifested by an abrupt change in the taxonomic richness of stream

insect communities at a specific level of PTIA, followed by a relatively constant

levels of richness as PTIA departs from this level (Klein, 1979; Schueler, 1994;

Arnold and Gibbons, 1996; May et al., 1997). Previous studies reported threshold

levels ranging from 5–25% PTIA (Table I). Our study supports the conclusions of

these studies by showing an abrupt change in stream insect community structure

at approximately 6% PTIA. Total taxa richness and EPT richness showed sudden

decreases when catchment PTIA increased above 6% PTIA. Furthermore, no stat-

istical difference was found in total or EPT richness as PTIA increased from 6 to

27%, indicating that once the 6% PTIA threshold was exceeded, there was little

further change in insect community structure.

It is uncertain whether the difference in the range of apparent PTIA thresholds

reported by different studies (5–25%, Table I) is ecologically significant because of

potential differences in the accuracy of available PTIA conversion factors (Klein,

1979; Schueler, 1994; Arnold and Gibbons, 1996; May et al., 1997; Morse 2001).

Nevertheless, a threshold response by insect community structure as catchment

PTIA increases generally should be expected (Table I). Although there is little
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information concerning processes underlying this phenomenon, we speculate that

it may be related to the implementation of storm sewer systems as urbanization

intensifies. This may result in an abrupt and radical change to the hydrological

regime of an urbanizing catchment, which will have an important effect on insect

community structure due to the fundamental relationship between discharge and

habitat attributes (cf. Townsend et al., 1997; Walsh et al., 2001). Understanding

relationships between the hydrological regime of urban streams and their biotic

communities is critical to the restoration and management of these systems (Walsh

et al., 2001). Measurement of PTIA was found to be a reliable quantitative index

for predicting the response of stream ecosystems to urbanization in central and

southern Maine. Given the sensitivity of stream communities to PTIA, resource

managers within the northeastern United States should be encouraged to use PTIA

based indicators to identify streams likely to be affected by urbanization.
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In recent decades, advances in the 
science and practice of restoring 

damaged riparian ecosystems have 
addressed the local and regional 
threats posed by habitat loss and non-
native species invasions (Bernhardt et 
al. 2005). While ecological restora-
tion has often emphasized a return to 
historical reference conditions, this 
target has been complicated in ripar-
ian systems, where flood control and 
water delivery often result in modifica-
tions of natural flows. Today, riparian 
restoration is further complicated by 
global climate change (Harris et al. 
2006, Battin et al. 2007, Palmer et al. 
2008). During the next century, global 
temperatures are projected to increase 
by 1.1 to 6.4°C (IPCC 2007a, 2007b). 

Riparian ecosystems will face increases 
in air and surface water temperatures, 
alterations in the magnitude and sea-
sonality of precipitation and run-off, 
and shifts in reproductive phenology 
and distribution of plants and animals 
(Meyer et al. 1999, Barnett et al. 2005, 
Parmesan 2007, Palmer et al. 2008, 
Rosenzweig et al. 2008). In this con-
text it is now clearer than ever that a 
return to historical reference condi-
tions will no longer be the bench-
mark for restoration success (Choi et 
al. 2008, Seastedt et al. 2008).

Given the uncertainties about 
future conditions, climate change 
may cause people to ask “why bother 
with restoration?” This question has 
motivated us to reevaluate our work 
in the science and practice of riparian 
restoration. Society is becoming aware 
of the need for mitigation and adapta-
tion to address the adverse impacts of 
anthropogenic climate change. Miti-
gation describes actions for reducing 

greenhouse gas concentrations, for 
example, by reducing emissions or 
developing sinks that remove these 
gasses from the atmosphere (IPCC 
2007a). Adaptation refers to actions 
designed to reduce the vulnerability 
of natural and societal systems to 
the effects of climate change (IPCC 
2007a). Even if mitigation efforts 
were to stop the increase in all green-
house gas emissions, adaptation would 
remain important because greenhouse 
gases already in the atmosphere today 
will continue to cause the climate to 
change for decades (IPCC 2007b, 
Solomon et al. 2009).

Climate change adaptation strate-
gies often propose activities that can 
enhance ecological resilience (Millar et 
al. 2007, Heller and Zavaleta 2008). 
Ecological resilience encompasses 1) 
the amount of disturbance a system 
can withstand before changing state; 
2) the rate at which a system recovers 
after disturbance; and 3) the way in 
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which a system responds to gradual 
changes (Gunderson 2000, Scheffer 
et al. 2001). Specific recommenda-
tions for enhancing ecological resil-
ience, however, are lacking (Heller and 
Zavaleta 2008).

Based on general ecological char-
acteristics of riparian systems and our 
collective experience restoring these 
ecosystems in California, we suggest 
that healthy riparian ecosystems pro-
mote ecological resilience both within 
and beyond riparian zones. Here we 
address 1) how and why riparian resto-
ration prepares ecosystems for climate 
change; 2) how riparian restoration 
can be enhanced to accommodate cli-
mate change; and 3) research needed 
to ensure that riparian restoration is 
robust to climate change.

How and Why 
Riparian Restoration 
Prepares Ecosystems 
for Climate Change

For forested ecosystems, Millar and 
others (2007) provide examples of 
management practices to enhance eco-
system resilience to climate change. 
These practices include enhanc-
ing habitat connectivity, promoting 
redundancy and buffers, reducing 
landscape synchrony (by maintaining 
a mix of successional stages), realign-
ing disrupted conditions, expecting 
surprises, and identifying and protect-
ing refugia (Millar et al. 2007). Similar 
recommendations have been made for 
a wide variety of habitats (Hansen et 
al. 2003). We use this general frame-
work to review five specific reasons 
that riparian restoration can enhance 
ecosystem resilience to climate change.

Natural Resilience of 
Riparian Systems
Climate change is projected to lead 
to increased frequency and severity 
of extreme weather events, which 
will likely result in more frequent 
and severe floods as well as more 
intense droughts (Easterling et al. 
2000). The rate at which ecological 
systems recover from disturbance will 
be an important consideration when 
designing restoration activities. Many 
riparian plants are adapted to hydro-
logic and geomorphic disturbances 
and tolerate both seasonal and annual 
variation in environmental conditions 
(Naiman and Decamps 1997). Thus, 
compared to plants in adjacent upland 
habitats, riparian species may be more 
resilient to the increased flooding or 
drought projected for many regions 
(Milly et al. 2002, Seager et al. 2007). 
Restoration programs that reestablish 

Figure 1. on the Sacramento River in california’s central Valley, horticulture-based restoration can transform open fields (a) to well-established 
riparian forest (B) in as little as 13 years. over this same time, riparian wildlife communities, as measured by such metrics as bird species richness 
(c) can exhibit dramatic recoveries. examples like this illustrate the inherent resilience of riparian ecosystems. Images reprinted with permission from 
Gardali et al. 2006 and Golet et al. 2008
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appropriate hydrological processes, 
actively intervene with horticultural 
techniques to propagate and establish 
native vegetation where necessary, and 
manage for genetic diversity to facili-
tate evolutionary processes can build 
upon the natural resilience of riparian 
systems.

The natural resilience of riparian 
systems is exhibited in the response 
of riparian wildlife communities to 
habitat restoration along the Sacra-
mento River in central California 
(Figure 1). Since European settlement, 
95 percent of 324,000 ha of riparian 
habitat along this river was lost to 
logging, agriculture, urban develop-
ment, and flood-control and power-
generation projects (Katibah 1984). 
In 1988, the Sacramento River Project 
was launched to coordinate restora-
tion efforts along a 161 km reach of 
the Sacramento River between the 
cities of Red Bluff and Colusa (Golet 
et al. 2008). A major component of 
this project was to restore sites previ-
ously in agriculture, mostly walnut 
( Juglans regia) and almond (Prunus 
dulcis) orchards, by planting local 
ecotypes of indigenous tree, shrub, 
and understory species (Alpert et al. 
1999). In just ten years, these efforts 
restored a broad suite of faunal species 
including both special-status species 
and the larger native riparian animal 
community (Gardali et al. 2006, Golet 
et al. 2008). Consistent with the very 
high growth rates of floodplain trees, 
species associated with mature forest, 
including cavity-nesting birds and 
crevice-roosting bats, reoccupied res-
toration sites within a decade (Gardali 
et al. 2006, Golet et al. 2008).

Of course, there are limits to resil-
ience. Severe human-induced disrup-
tions to these regimes can interrupt 
important plant and animal popula-
tion processes. Furthermore, distur-
bances that are too far out of any given 
system’s natural range of variability 
(Richter et al. 1997) may lead to the 
proliferation of disturbance-adapted 
non-native invasive species (Zedler 
and Kercher 2004).

Enhancing Connectivity
Climate change, whether natural or 
anthropogenic, causes distributional 
shifts for many organisms. Prioritiz-
ing connectivity in landscape plan-
ning and reserve design is the most 
common recommendation for pro-
tecting biodiversity from climate 
change (Heller and Zavaleta 2008). 
Connectivity is also critical for pre-
serving the ecological processes for 
evolutionary adaptations to climate 
change (Cowling and Pressey 2001).

Riverine habitats function as eco-
logical corridors for a wide array of 
plants and animals (Naiman et al. 
1993, Machtans et al. 1996, Hilty 
and Merenlender 2004). Rivers and 
riparian vegetation connect high-
elevation montane areas to sea-level 
estuaries and oceans. Rivers flow 
across elevational gradients, linking 
ecological zones with different cli-
mates. Furthermore, tributaries within 
watersheds provide spatial redundancy 
that maintains metapopulation and 
metacommunity dynamics (Collinge 
et al. 2001). In addition, flowing water 
moves organic material and energy 
(Ahearn et al. 2006, Kondolf et al. 
2006). Restoring riparian habitats 
and hydrological function recreates or 
increases connectivity between habi-
tats and across elevational zones, thus 
providing avenues for species move-
ments in response to climate change.

Promoting Linkages between 
Aquatic and Terrestrial Systems
Riparian zones link riverine and ter-
restrial systems and make each more 
ecologically diverse and produc-
tive (Naiman and Decamps 1997). 
Aquatically derived nutrients support 
luxuriant vegetation and diverse wild-
life communities in adjacent upland 
areas (Merz and Moyle 2006, Uesugi 
and Murakami 2007). Emerging 
aquatic insects are prey for birds and 
bats foraging and breeding in ripar-
ian areas (Knopf et al. 1988, Grindal 
et al. 1999). Equally important are 
the resources and services that ripar-
ian areas convey from terrestrial to 

aquatic systems. The terrestrial com-
ponent of riparian vegetation protects 
water quality by trapping sediment 
and filtering pollutants through 
physical and biological processes 
(National Research Council 2002), 
and furnishes aquatic food webs with 
detritus for aquatic invertebrates and 
terrestrial insect prey for fish (Wipfli 
1997). Restoring riparian habitat will 
strengthen linkages between aquatic 
and terrestrial systems, making both 
more resilient and resistant to the 
stresses imposed by climate change.

In California, the importance of 
linkages between aquatic and terres-
trial systems is exemplified by the Yolo 
Bypass, an engineered floodplain on 
the Sacramento River. When the Yolo 
Bypass floods, 24,000 ha of agricul-
tural land, wetlands, and riparian and 
upland vegetation are covered with 
shallow water. The flooding provides 
important benefits to aquatic, wet-
land, and terrestrial taxa, including 
fish and birds (Sommer et al. 2001).

Expanding Thermal Refugia
Climate change is projected to result 
in higher air temperatures and, in 
turn, higher surface water tempera-
tures (Battin et al. 2007, Nelson and 
Palmer 2007). Because riparian areas 
have higher water content than sur-
rounding upland areas, they absorb 
heat and buffer organisms against 
extreme temperatures (Naiman et 
al. 2000). During previous periods 
of climate change, riparian areas 
served as refugia because they pro-
vided microclimates that protected 
plant biodiversity (Bakker 1984, 
Meave and Kellman 1994). Ripar-
ian vegetation can maintain cooler 
water temperatures by shading water 
from sunlight (Sridhar et al. 2004, 
Cassie 2006) and the infusion of cold 
groundwater into warmer surface 
waters creates and maintains pockets 
of cool water (Chu et al. 2008). Thus, 
riparian areas provide thermal refugia 
for animals with thermoregulatory 
limitations. For example, salmon are 
able to successfully migrate through 
high temperature river reaches, but 
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only when reaches contain pockets 
of cooler water (McCullough et al. 
2001). Restoring vegetation and 
protecting groundwater resources 
will enhance thermal refugia that 
will be increasingly important as air  
temperature rises.

Hydrological Benefits
The projected effects of climate 
change on hydrologic regimes include 
increased frequency of extreme flood-
ing events and altered seasonal patterns 
of precipitation and run-off (Milly et 
al. 2002, Barnett et al. 2005, Palmer 
et al. 2008). For example, in Califor-
nia’s Central Valley, summer stream 
flows are projected to decline as annual 
snowpacks diminish and melt earlier 
in the spring (Hayhoe et al. 2004, 
Vicuna and Dracup 2007). Riparian 
vegetation can promote water infiltra-
tion (Brauman et al. 2007) and reduce 
losses to the ocean as more precipita-
tion falls as rain. However, because 
riparian vegetation also removes water 
through evapotranspiration, the net 
effect of riparian vegetation on water 
flow is complex. More research on this 
topic is needed, especially comparing 
the effects of riparian vegetation on 
water flows to that of alternative land 
uses, such as orchards and row crops 
(Tabacchi et al. 2000).

Restoring riparian ecosystems may 
also reduce the impacts of extreme 
flood events. Levees, especially those 
nearest the river channel, may increase 
flood stage and flow velocity during 
floods (Gergel et al. 2002). Ripar-
ian restoration to reconnect the river 
channel with its floodplain by moving 
back or breaching levees can benefit 
ecosystem function and nonstructural 
flood control for urban or agricultural 
areas (Poff 2002, Golet et al. 2006). 
The engineered floodplains of the Yolo 
Bypass on the Sacramento River in 
California show how restoring eco-
logically important riparian processes 
can also provide flood protection for 
human populations (Sommer et al. 
2001). By recharging groundwater 
and reducing flood damage, riparian 
restoration will strengthen ecosystem 

resistance against extreme floods and 
altered surface flows anticipated from 
climate change.

Restoration Strategies 
and Practices That 
Accommodate 
Climate Change

The challenges facing restoration prac-
titioners are not trivial. To meet these 
challenges, restoration practitioners 
will need to remain flexible and cre-
ative. Novel conditions created by cli-
mate change will require that restora-
tion proceeds within the framework of 
adaptive management, in which spe-
cific hypotheses are tested and moni-
toring is used to verify that desired 
outcomes are achieved (O’Donnell 
and Galat 2008). Here, we discuss 
how specific aspects of on-the-ground 
restoration activities might be modi-
fied to accommodate climate change 
and to build resilience.

Horticultural Restoration 
Strategies
Some horticultural restoration tech-
niques can enhance riparian ecosystem 
resilience. Techniques under investiga-
tion include using ecological genetics 
to prepare for unexpected conditions 
(e.g., by deliberately increasing genetic 
variability) and also planting early 
seral colonizers adapted to flooding 
together with late seral species that 
may be less tolerant of flooding but 
grow better on drier sites.

Currently, plant materials for res-
toration are often collected locally, 
under the assumption that geneti-
cally controlled local adaptations are 
advantageous. When the climate is 
changing rapidly, planting only local 
genetic material may not be the most 
appropriate strategy (Rice and Emery 
2003, Bower and Aitken 2008). Col-
lecting seed from within a watershed 
but across a range of elevations may 
better facilitate evolutionary adapta-
tion to climate change. Modifying 
horticultural practices to account for 
uncertainty is one approach to ensure 
that riparian restoration is robust to 

climate change. Planting species that 
are associated with both ends of the 
hydrologic spectrum may provide 
some insurance against unexpected 
future conditions. Incorporating 
strategies that address uncertainty 
into horticultural restoration has the 
potential to both increase the odds 
of short-term restoration success and 
provide long-term maintenance of 
critical evolutionary processes.

Emphasizing Restoration 
of Private Lands
Restoration of private lands will con-
tribute to the connectivity, size, and 
quality of riparian areas at spatial 
scales appropriate to the challenges 
of climate change. Incentive programs 
for funding, technical assistance, and 
infrastructure can help private land-
owners to modify land-use practices 
and restore native vegetation for con-
servation (Norton 2000, Langpap 
2006). In some cases, state and fed-
eral regulations for endangered species 
may restrict private-lands restoration 
without innovative incentives. Safe 
Harbor Agreements can allow land-
owners to restore habitat for endan-
gered species without legal responsibil-
ity for impacts during restoration or to 
maintain the restored habitat indefi-
nitely (Wilcove and Lee 2004). In Cal-
ifornia’s Central Valley, the U.S. Fish 
and Wildlife Service and Audubon 
California have recently established a 
Safe Harbor Agreement for riparian 
and wetland restoration projects on 
private lands in Yolo County. This 
agreement allows incidental take of 
federally listed valley elderberry long-
horn beetles (Desmocerus californicus 
dimorphus) and giant garter snakes 
(Thamnophis gigas) associated with res-
toration projects that enhance habitat 
for these species.

Such programs play an essential 
role in the restoration of riparian eco-
systems. Future challenges include 
adequate funding, economic incen-
tives for agricultural landowners to 
maintain their land as open space, 
creating holistic design criteria, and 
monitoring to ensure that private 
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lands restoration enhances ecosystem 
function and wildlife habitat quality.

Promoting Water and 
Watershed Management Policies
While planting riparian vegetation 
on public and private lands provides 
many benefits, riparian ecosystems 
will not fully function with insuffi-
cient water. Because climate change 
is projected to affect water resources 
for many urban and agricultural uses 
(Tanaka et al. 2006, Alcamo et al. 
2007, Milly et al. 2008), the social and 
political pressures to modify riparian 
systems for water storage, transport, 
and extraction may increase. The 
ecological stresses of climate change 
on dammed rivers are projected to 
be greater than on undammed rivers 
(Palmer et al. 2008). If societies 
choose to respond to climate change 
by building taller levees, deeper wells, 
and larger dams, riparian ecosystems 
will be put at greater risk. Restora-
tion practitioners and ecologists must 
engage with decisionmakers about 
water management. This engagement 
will need to include providing infor-
mation on how changes in water use 
will influence the outcome of riparian 
restoration efforts.

Areas of extreme aridity will pose 
particular challenges, such as in 
California’s Mojave Desert, where 
groundwater, forced to the surface 
by tectonic faulting zones, sustains 
arid riparian plant and animal com-
munities. Urban water use may draw 
down groundwater below the roots of 
desert riparian vegetation. Groundwa-
ter resources for desert riparian ecosys-
tems are already at risk, particularly at 
the California–Nevada border, where 
burgeoning human populations are 
draining groundwater resources (Bunn 
et al. 2007). To protect investments in 
riparian ecosystems, restoration ecolo-
gists and water users will need to col-
laborate to develop policies that ensure 
that these systems have adequate river 
flows and groundwater (Boulton and 
Hancock 2006).

Utility and benefits of water policy 
complementing riparian restora-
tion are exemplified by work on the 
Cosumnes River in California. The 
ecological integrity of this system 
has been compromised by levees that 
disrupted hydrological connectivity 
and by groundwater overdraft result-
ing in reduced flows (Fleckenstein 
et al. 2004). This restoration proj-
ect used engineered levee breaches 
to restore hydrological connectivity 
between the floodplain and river chan-
nel, which in turn increased aquatic 
primary production (Ahearn et al. 
2006), juvenile salmon recruitment 
( Jeffres et al. 2008), and geomorphic 
heterogeneity necessary for riparian 
establishment and succession (Flor-
sheim and Mount 2002, Trowbridge 
2007). However, in order to restore 
hydrologic connectivity, reduction of 
upstream groundwater pumping and 
surface water augmentation is also 
necessary (Fleckenstein et al. 2004). 
In addition to providing ecologically 
important flows to the Cosumnes, 
this water management approach is 
also projected to recharge the regional 
aquifer tapped by two growing urban 
areas (Fleckenstein et al. 2004).

Riparian Research and 
Management Priorities 
for Climate Change

Research on riparian and hydrologic 
function spans multiple spatial scales, 
from the global impacts of climate 
change on hydrologic patterns to the 
evolutionary responses of plants and 
animals to changing climate condi-
tions. We pose several specific research 
questions for restoring riparian eco-
systems in a time of climate change.

How can historic hydrology inform 
future projections? Recent advances in 
computing technology allow for new, 
more robust analyses of the spatial 
and temporal dimensions of climate 
change, hydrology, and riparian ecol-
ogy (Vicuna and Dracup 2007). These 
approaches use historic information 
to understand natural variability 
and the adequacy of climate models 

for projecting future hydrological 
conditions. From a nearly 100-year 
record of daily average flow from the 
Cosumnes River in California, for 
example, Booth and colleagues (2006) 
identified eight types of water-years 
based on the frequency, magnitude, 
and duration of hydrological events. 
This information provides useful his-
torical context for future hydrological 
conditions.

On a broader scale, climate model-
ing can provide detailed information 
about the hydrologic consequences 
of climate change. Synthetic rainfall-
runoff models can aid in understand-
ing how changes in air temperatures 
influence evapotranspiration potential 
and surface water runoff. By combin-
ing spatial and temporal information, 
emerging methods will inform practi-
tioners about potential future condi-
tions to improve the planning, design, 
and implementation of restoration.

Effects of climate change on ripar-
ian systems will vary dramatically 
among river systems (Palmer et al. 
2008); thus ecologists, climate model-
ers, and restoration practitioners need 
to anticipate consequences of climate 
change within the context of local eco-
systems. This process will be similar to 
restoring ecosystems in areas where 
people have disrupted natural fire 
regimes—a one-size-fits-all solution is 
impractical. Instead, practitioners will 
need to draw upon local knowledge 
of ecosystems and guiding ecologi-
cal principles to develop appropriate 
restoration strategies and prescriptions 
(Fulé 2008).

How can we enhance recruitment of 
wildlife populations into restored areas? 
To better respond to rapid environ-
mental shifts accompanying climate 
change, research on methods to speed 
recruitment of wildlife into new 
habitat is needed. Two overarching 
questions arise: 1) what factors most 
strongly influence the distribution 
of a species? and 2) what character-
istics promote viable populations in 
novel habitats? We will need research 
at the local, reach-level scale, as well 
as at watershed and multiwatershed 
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scales. At the reach level, experimental 
designs could be developed to deter-
mine planting prescriptions or veg-
etation management that produces 
desired vegetation composition and 
structure most rapidly. At the largest 
scales, research related to effective con-
nectivity (both within the floodplain 
corridor and extending to upland 
habitats), landscape matrix, and land 
use patterns is needed. These small-
to-large-scale studies can address the 
dynamic and unpredictable nature of 
riparian systems caused by hydrologic 
regimes and resulting in a dynamic 
network of seral stages or “mobile 
habitat mosaics” (Hughes et al. 2005). 
Research on behavioral mechanisms 
driving different species’ dispersal 
choices may have an increasingly 
important role to play in the restora-
tion of wildlife habitat. For example, 
the use of conspecific attraction—the 
tendency of individuals of a species to 
settle near one another—could facili-
tate the colonization of suitable habi-
tat (reviewed in Ahlering and Faaborg 
2006). Similarly, a better understand-
ing of the dispersal and metapopu-
lation dynamics of target species is 
essential for promoting restoration 
that improves landscape connectivity 
for wildlife (Bélisle and St. Clair 2001, 
Collinge et al. 2001).

How will the phenology of riparian 
plants and animals respond to climate 
change? Another ecological chal-
lenge of climate change is the loss 
of synchrony between reproductive 
phenology and resource availability 
or natural disturbances (Both and 
Visser 2001, Inouye 2008). Under-
standing the physiological tolerances 
and phenological responses of ripar-
ian plants and animals to changes in 
climate and hydrology will become 
increasingly important to restoration 
ecologists. For example, in California’s 
Central Valley, Oregon ash (Fraxinus 
latifolia) typically breaks bud in mid-
March in the northern Sacramento 
Valley, while on the lower San Joa-
quin River its buds break on the first 
of May. This six- to eight-week dif-
ference in phenology holds true for 

seedling germination from both areas 
as well. Phenological variation may 
be associated with genetic variation. 
In European riparian systems, black 
poplars (Populus nigra) show signifi-
cant genetic variation among popula-
tions, even within catchments (Smul-
ders et al. 2008). Understanding how 
genetic and environmental differences 
between the watersheds contribute to 
phenological variation will help in 
developing new strategies to restore 
riparian vegetation in a manner that 
is robust to climate change (Hufford 
and Mazer 2003).

Conclusion

Responding to climate change at the 
appropriate temporal and spatial scales 
will require that government agencies, 
private land owners, and nongovern-
mental organizations work together to 
improve water policy, land manage-
ment, urban development, and many 
other diverse matters. Governments 
will be formative in climate change 
adaptation and the organization of 
management to transition from adap-
tation to recovery. However, the speed 
with which national governments 
respond to climate change may not 
match the need for ecological adapta-
tion to climate change. For example, 
as recently as 2007, the U.S. Depart-
ment of the Interior was not yet pro-
viding guidance to resource manag-
ers about how to respond to actual 
or forecasted climate changes (U.S. 
General Accountability Office 2007). 
In the absence of national leadership, 
smaller-scale governments and non-
governmental organizations may have 
a large role in guiding management 
that prepares riparian ecosystems for 
climate change.

The effects of climate change are 
already upon us, making it more 
important than ever for restoration 
practitioners and researchers to share 
information effectively and with 
diverse audiences. Information net-
works, such as the Global Restora-
tion Network (www.globalrestoration 
network.org) and the National River 

Restoration Science Synthesis (nrrss.
nbii.gov), will be important to ensure 
that the most recent findings and 
best management practices are shared 
among those monitoring, managing, 
and restoring riparian ecosystems. The 
challenge includes efficiently con-
verting information into knowledge 
(Roux et al. 2006). Sharing informa-
tion about restoration and climate 
change with policymakers and the 
public is necessary. In an era of rapid 
environmental change, we need to 
inform people about the likely threats 
that climate change poses to ecosys-
tems and society. It is also important 
to empower people with the knowl-
edge that ecological restoration has 
the potential to reduce the severity of 
these threats.

Basic challenges confronting resto-
ration practitioners today will remain 
important in the future. Invasions 
of non-native species, facilitated by 
climate change and movements by 
people, will continue to occur. Altered 
hydrological regimes may increase the 
risk that restoration strategies that 
worked in the past will fail in the 
future.

When medical resources are lim-
ited, doctors use triage to prioritize 
the treatment of patients based on 
the urgency for care and the likeli-
hood that treatment will be success-
ful. In a management context, Millar 
and colleagues (2007) suggested that 
such an approach to preparing eco-
systems for climate change could be 
used “to sort management situations 
into categories according to urgency, 
sensitivity, and capacity of available 
resources to achieve desired goals.” 
Given that many riparian systems are 
highly degraded from a long history 
of anthropogenic activities (Tock-
ner and Stanford 2002, Zedler and 
Kercher 2005), we are now faced with 
a decision about whether to continue 
investing resources to treat these eco-
systems. Functional riparian systems 
have tremendous potential to reduce 
the adverse effects of climate change 
by enhancing ecosystem resilience. To 
benefit from this capacity, we urgently 
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need riparian restoration and the 
science that guides it.
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1. INTRODUCTION 

1.1  Overview 
 
This staff report provides the technical background and basis for a proposed 
amendment to the Water Quality Control Plan, San Francisco Bay Region (Basin Plan) 
(SFBRWQCB, 1995). This staff report contains results of staff analyses of pathogen 
impairment and sources, recommended pathogen load reduction allocations, and a plan 
to implement the allocations. If adopted, the Basin Plan amendment would (1) establish 
a pathogen Total Maximum Daily Load (TMDL) in Tomales Bay Watershed pursuant to 
Section 303(d) of the Clean Water Act, and (2) establish an implementation strategy to 
achieve and support the TMDL. If adopted, portions of Basin Plan Chapter 4 
(implementation plan) will be revised.  
 
This report provides the scientific basis for the TMDL and associated implementation 
plan for the Tomales Bay Watershed. It discusses background conditions and current 
pathogen loads. It also describes how the TMDL ensures attainment of water quality 
objectives and protects beneficial uses of Tomales Bay Watershed.  
 

1.2  Compliance with the California Environmental Quality Act (CEQA)                                           
 
This staff report meets the requirements of the California Environmental Quality Act 
(CEQA) for adopting Basin Plan amendments. CEQA authorizes the California 
Resources Agency Secretary to exempt a state agency’s regulatory program from 
preparing an Environmental Impact Report or Negative Declaration if certain conditions 
are met. The Resources Agency has certified the basin planning process to be 
“functionally equivalent” to the CEQA process. Therefore, this report is a functional 
equivalent document and fulfills CEQA environmental documentation requirements.  
 

1.3  Next Steps 
 
Staff of the San Francisco Bay Regional Water Quality Control Board (Water Board) 
have revised this Staff Report and the Basin Plan amendment based on the public 
comments received on April 20, 2005, and August 8, 2005. Staff will present the revised 
Basin Plan amendment to the Water Board for consideration and possible adoption 
(authorized under California Water Code §13240) on September 21, 2005. If adopted, 
the State Water Resources Control Board (State Board) will consider the Basin Plan 
amendment for adoption (authorized under California Water Code §13170), and if 
approved, the California Office of Administrative Law will review the amendment. If the 
Office of Administrative Law approves the amendment, the U.S. Environmental 
Protection Agency will consider this TMDL for final approval. Stakeholder comments 
and concerns will be considered at key milestones throughout the process.  
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2. BACKGROUND 
 

2.1  Description of TMDL Process 
 
The Tomales Bay estuary (the Bay) is a unique and highly valuable natural resource in 
the San Francisco Bay Regional Water Quality Control Board’s jurisdiction. The State of 
California establishes and enforces water quality standards in order to protect the 
beneficial uses of water bodies. When states or local communities identify a water body 
that has failed to meet water quality standards, a TMDL must be developed to remedy 
the water quality problem(s). Tomales Bay and its tributaries have been identified as 
impaired for pathogens. The purpose of this TMDL is twofold: first, to assess the 
sources of pathogens that are causing water quality impairment in Tomales Bay and its 
tributaries, and second, to identify appropriate control measures that will lead to the 
attainment of the water quality standards set for the Bay and its tributaries. The 
proposed Tomales Bay Watershed TMDL applies to both Tomales Bay and its 
tributaries.  
 
Section 303(d) of the Federal Clean Water Act (CWA) requires the California Regional 
Water Quality Control Board, San Francisco Bay Region (Water Board) to identify the 
Region’s waters that do not comply with water quality standards (WQS); rank the 
impaired water bodies by taking into consideration the severity of pollution and the uses 
made of such waters; and establish TMDLs to ensure that impaired waters attain their 
beneficial uses. Lists of prioritized impaired water bodies, known as the “303(d) lists,” 
must be submitted to the U.S. Environmental Protection Agency (U.S. EPA) every two 
years. 
  
A TMDL expresses the total pollutant load a water body can receive and still meet water 
quality standards. The TMDL can be expressed as pollutant per unit time (load) or a 
pollutant concentration per unit time. In most cases, a TMDL establishes the allowable 
pollutant loading capacity and allocates a portion of that load to the various contributors 
in the watershed as wasteload (for point source discharge) and load (for nonpoint 
source) allocations. TMDLs must also account for natural background sources and 
provide a margin of safety (implicit or explicit). A TMDL can be expressed in terms of 
mass per unit time, toxicity, density, concentration, or other appropriate measures. For 
this pathogen TMDL we propose using a density-based (number of organisms per unit 
volume) measure of pathogen-indicator organisms.1  
 

                                                 
1 The direct detection and measurement of pathogens in ambient waters is not practicable due to high 
cost, time, equipment, the need for highly skilled laboratory personnel, and other considerations. A class 
of non-pathogenic indicator organisms (bacteria) called fecal coliforms is therefore commonly used to 
indicate the presence and assess the magnitude of human fecal pathogenic microorganisms in the 
environment. Fecal coliforms live and reproduce in the intestinal tracts of all warm-blooded animals 
(including humans) and are abundantly found in the waste of all warm-blooded animals .The presence of 
fecal coliform in a water sample indicates the possible presence of pathogens that originate from feces. 
For more discussion, please refer to Section 3.1.  
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Tomales Bay and portions of its tributaries have also been identified as impaired for 
mercury, nutrients, and sediment. A TMDL will be developed for each of these 
pollutants. Many of the identified pathogen sources (i.e., equestrian facilities, on-site 
septic systems, dairy facilities, and ranchland activities) can also contribute to sediment 
and nutrient pollution. The goal of the implementation plan for pathogens is that it will 
lead to significant reductions in pathogens, nutrients, and sediment. Many of these 
identified source control actions may also be recommended or required for reduction of 
sediment and nutrients.  
 
Section 303(d) of the CWA and section 130.0 et seq. of the 40 Code of Federal 
Regulations (CFR) specify the components and requirements of a TMDL plan. In 
general, a TMDL plan must: 
 

1. Develop a strategy to meet applicable Water Quality Standards: A TMDL 
must include a plan for the specific waters and pollutants that must be addressed 
to ensure that applicable water quality standards are attained. 

 
2. Set quantifiable water quality goals or targets (numeric targets): A TMDL 

must establish specific goals and endpoints for the TMDL, which ensure 
attainment of applicable water quality standards.  

 
3. Analyze/account for all sources of pollutants (source assessment): A TMDL 

should describe all significant pollutant sources, including the magnitude and 
location of sources. 

 
4. Identify pollution reduction goals (pollutant load allocations): A TMDL plan 

includes pollutant reduction targets for all point and nonpoint sources of pollution. 
TMDLs, load allocations, and wasteload allocations indicate maximum pollutant 
loads allowed.  

 
5. Describe the linkage between water quality targets and pollutants of 

concern (linkage analysis): A TMDL must explain the relationship between the 
numeric targets and the pollutants of concern. That is, will the recommended 
pollutant load allocations lead to attainment of the target? 

 
6. Develop a margin of safety that considers uncertainties, seasonal 

variations, and critical conditions: A TMDL must consider any uncertainties 
regarding the ability of the plan to meet water quality standards. The plan must 
consider these issues in its recommended pollution reduction goals. 

 
7. Include an appropriate level of public involvement in the TMDL process: 

This is usually achieved by publishing a public notice of the TMDL, circulating the 
TMDL for public comment, and holding public meetings in local communities. 

 
8. Identify and implement alternative control measures to rectify impairment 

of the water body (implementation plan): A TMDL must recommend specific 
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nonpoint source Best Management Practices (BMPs), point source controls, and 
other actions necessary to achieve the desired water quality endpoints.  

 
9. Include a monitoring and review plan: A TMDL must include a plan to assess 

its implementation and effectiveness, and to provide for adjustment as needed.  
 
In addition, the TMDL process involves the public in both the development and 
implementation stages of the TMDL, as public participation is key to a successful TMDL.  
 

2.2  Regulatory Context 
 
In the San Francisco Bay Region, the CWA is administered by the Water Board under 
its federally designated authority. The Water Board is one of nine regional water boards 
in California. The State Water Resources Control Board (State Water Board) 
establishes statewide policies and serves as the review and appeal body for the 
decisions of the regional water boards. The State Water Board is made up of five 
members appointed by the governor. 
 
The San Francisco Bay Regional Water Quality Control Board (Water Board) consists of 
nine governor-appointed members who serve four-year terms. Scientific information is 
gathered and policy is developed for the Water Board by its civil service employees 
(staff). The Water Board has adopted a Water Quality Control Plan for the San 
Francisco Bay Region (Basin Plan) that contains a list of beneficial uses for waters in 
the Region and the standards and implementation measures necessary to protect those 
beneficial uses.  
 
Some measures that go beyond the scope of the current Basin Plan must first be 
adopted by the Water Board, using a Basin Plan amendment process, before they are 
implemented. Such measures include the TMDL that is the subject of this report. The 
process involves presenting the proposed Basin Plan amendment to the Water Board in 
a publicly noticed hearing. The Water Board receives public comments and at least 45 
days later staff presents responses to comments and relevant revisions to the proposed 
amendment. The Water Board then votes on adoption. If the amendment is adopted, it 
is sent to the State Water Board for approval. If the State Water Board approves the 
amendment, it is sent to the Office of Administrative Law (OAL) to determine whether 
the amendment is consistent with the California Administrative Procedures Act (APA). 
State TMDL adoption is complete after OAL approval and state transmittal of the TMDL 
to the U.S. EPA for approval. 
  

2.3  Water Body Description 
 
Tomales Bay is located in western Marin County, California, approximately 50 km 
northwest of San Francisco (Figure 1). The Bay has a surface area of approximately 28 
square kilometers (11 square miles). The mouth of Tomales Bay is at the southern end 
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of Bodega Bay, and its body extends in a southeasterly direction along the line of the 
San Andreas Fault. The Bay is about 12 miles in length with an average width of less 
than one mile. Tomales Bay is characterized by relatively shallow water, with the 
average depth being less than 20 feet. Hydrographic studies conducted from 1966–
1970 (TBSTAC, 2000) indicate that the currents in the Bay are primarily influenced by 
tidal cycles, not wind. They suggested that the Bay consists of three mixing regimes: 1) 
significant flushing in the lower Bay from the mouth to approximately Hog Island near 
the Walker Creek Delta, 2) sluggish mixing in the mid Bay (Pelican Point to Double 
Point), and 3) even less water exchange in the portion of the upper-Bay (south of 
Double Point). These studies were conducted in the summer and fall periods and 
therefore do not reflect the influence of increased inflow from runoff. 

 
Figure 1 

Tomales Bay, Marin County, California 
 

Tomales Bay

San Francisco

Pt. Reyes

Bodega Bay

Figure 1. Location of Tomales Bay, Marin County, California (U.S. Census Tiger Map).

 
 

2.4  Watershed Description 
 
The Tomales Bay Watershed climate is consistent with the Mediterranean climate of the 
Central Coast of California, receiving intense rain during the winter months (November 
through March). Eighty-five percent of the annual rain usually falls during this period. 
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Another 10% of the annual precipitation falls during October and April, with the 
remaining 5% during the other five months of the dry season. Average annual rainfall 
ranges from 26 inches per year in the northern and eastern part of the Watershed to 39 
inches per year in the south (TBSTAC, 2000). 
 
The watershed area for Tomales Bay is approximately 561 km2 (216 square miles) with 
four major drainage areas: (1) Direct drainage from small tributaries along the west and 
east shores (73 km2; 28 mi2); (2) Lagunitas Creek (241 km2; 93 mi2) to the southeast; 
(3) Olema Creek (50 km2; 19 mi2), which flows into Lagunitas Creek close to the head of 
the Bay; and (4) Walker Creek (196 km2; 76 mi2) to the northeast (Table 1 and Figure 2) 
(TBSTAC, 2000). 
 
The U.S. Geological Survey maintains stream gauges on both Walker and Lagunitas 
creeks. These gauges measure only a portion of the runoff from their respective 
watersheds, as well as any water released from catchment reservoirs (Table 2). It has 
been estimated that about two-thirds of the runoff into Tomales Bay comes through the 
Lagunitas-Olema Creek drainage even though this area only makes up about half of the 
Watershed (TBSTAC, 2000) (Tables 1 and 3). The Walker Creek drainage, which 
includes Chileno, Arroyo Sausal, Salmon, and Keyes creeks, makes up about 35% of 
the Tomales Bay Watershed area, but produces about 25% of the annual runoff into the 
Bay (TBSTAC, 2000). The remainder of the flows into the Bay (approximately 10%) 
comes from small tributaries that drain directly to the Bay, which make up 13% of the 
total Watershed area.  
 

Table 1 
Tomales Bay Watershed Area Estimates, Including Reservoirs  

Subwatershed Area (KM2) Area (Percentage) 
Walker 196.35 35% 

Lagunitas 241.72 43% 
Olema 50.0 9% 

Remainder 72.93 13% 
Totals 561 100% 

Source: TBSTAC, 2000. 
 
Sediment runoff from the major creeks and tributaries into Tomales Bay may be as high 
as 48,600 tons/year. Approximately one-third of the sediment is carried into the Bay 
from the Walker/Keyes Creek drainage (TBSTAC, 2000). 
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Figure 2 
Tomales Bay Watershed 
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Table 2 

Area Estimates for the Gauged Portions of the Tomales Watershed* 
Watershed Area (KM2) Area (Percent) 

Walker (gauged portion) 78.54 14% 
Lagunitas (gauged portion) 213.18 38% 

Remainder (not gauged) 269.28 48% 
Totals 561 100% 

* Including release and spill from catchment reservoirs and unimpeded flow from the Watershed below the 
reservoirs. 
Source: TBSTAC, 2000. 
 

Table 3 
Estimates of Watershed Contributions to Runoff into Tomales Bay 

Watershed Percentage of Total 
Walker 25% 

Lagunitas 66% 
Remainder 9% 
TOTALS 100% 

Source: TBSTAC, 2000. 
 
Marin Municipal Water District (MMWD) maintains five water catchment reservoirs in the 
Lagunitas Watershed (four on Lagunitas Creek and one on Nicasio Creek) with a total 
capacity of approximately 69,000 acre feet. MMWD also has a reservoir on a tributary to 
Walker Creek, with a capacity of 10,572 acre-feet. 
 

2.5  Land and Water Uses 
 
The Tomales Bay Watershed is used for recreational hiking, boating, camping, 
picnicking, clamming, fishing, and bird watching. The Bay also supports the commercial 
cultivation and harvesting of shellfish, including oysters, mussels, and clams. Herring 
and halibut are also harvested commercially from wild populations, and there is a sport 
fishery for halibut in the Bay. 
 
The major land uses in the Watershed are livestock grazing, dairy farming, equestrian, 
low-density residential, and parklands. Beef, sheep, and dairy farms have been an 
important part of the local economy since the mid-1800s, although the number of dairies 
has been declining. However, since some dairies have switched to raising beef cattle 
and others have increased the size of their dairy herds, the current total number and 
type of animals in the Watershed is not known. 
 
There are nine small towns within the Watershed, with limited commercial development 
and no industry. According to the 2000 census, the west side of Tomales Bay has a 
population of 1,421, with a total of 707 households. The east side of the Bay (Dillon 
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Beach, Tomales, Point Reyes Station, Lagunitas-Forest Knolls, San Geronimo, and 
Woodacre) has a population of 5,011, with 2,047 households. All of the towns are 
served by onsite sewage disposal system (OSDS) except the town of Tomales, which is 
served by a centralized wastewater treatment facility. Of the ten small permitted 
wastewater treatment facilities within the Watershed, only one facility accepts septage 
waste.  
 
The Water Board prohibits direct discharge from treatment facilities into Tomales Bay or 
the creeks within the Watershed. A number of the wastewater treatment facilities have 
holding ponds and are permitted to discharge to irrigation fields during the dry season. 
A complete list and description of all small wastewater treatment facilities within the 
Tomales Bay Watershed is provided in Table 16 in Section 5.6.  

 

2.6  Aquaculture 
 
There was at least a minor fishery for native oysters (Ostera lurida) from Tomales Bay 
as early as 1859 (TBSTAC, 2000). Although eastern oysters (Crassostrea virginica) 
were initially transplanted to Tomales Bay near Millerton Station in 1875, these efforts 
were not successful due to the abundant production of the San Francisco Bay oyster 
grounds, which were closer to the major markets in San Francisco. Non-native oysters 
were again introduced into Tomales Bay around 1907 in response to increased pollution 
of San Francisco Bay and the resultant failure of its oyster industry. The Tomales Bay 
Oyster Company started operations near Hamlet, and the Consolidated Oyster 
Company began a short-lived operation at Blakes Landing. 
 
The Tomales Bay Oyster Company was the first to introduce Pacific oysters 
(Crassostrea gigas) to Tomales Bay in 1929 following the earlier successful introduction 
of this species in the State of Washington. This species now constitutes the majority of 
oysters currently produced in Tomales Bay. 
 
The vast majority of shellfish harvesting in Tomales Bay is from commercial shellfish 
growing areas. Currently seven certified active commercial shellfish harvesters and one 
certified wet storage facility operate in Tomales Bay, with a combined aquaculture lease 
area of 483 acres (Table 4 and Figures 3a, 3b, and 3c). All active commercial growers 
in Tomales Bay operate on the eastern shoreline under leases granted by the California 
Department of Fish and Game (DFG). An inactive grower, the Frank Spenger Company, 
used to operate on a Point Reyes National Seashore lease on the western shore. 

 
Commercial shellfish production in Tomales Bay is primarily devoted to Pacific oysters 
(Crassostrea gigas) and bay mussels (Mytilus edulis and M. galloprovincialis). In 
addition, there is a small amount of commercial production of Eastern oyster 
(Crassostrea virginica), European oysters (Ostrea edulis), Kumomoto oysters 
(Crassostrea gigas kumomoto), and Manila clams (Tapes semidecussata). There is a 
fairly large amount of recreational harvesting for horseneck clams north of the Walker 
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Creek Delta during the spring and fall. There is also a small bed of cockles and clams 
used for recreational harvesting near Hamlet, just south of the Walker Creek Delta.  

 

Table 4 
Commercial Shellfish Growers and Wet Storage Operators in Tomales Bay 

Company Regulation 
Number 

DFG Lease 
Number 

Number of 
Acres Products 

Marin Oyster 
Company 00256 

 
M-430-02 
M-430-19 

 
5 
25 

 
Pacific Oysters 

 
Charles Friend 
Oyster 
Company 

00256 M-430-04 87 Pacific Oysters 

Cove Mussel 
Company 00311 M-430-06 10 Bay Mussels, 

Pacific Oysters 

Hog Island 
Oyster 
Company, Inc. 

00265 
 
 
 

00364 

M-430-10 
M-430-11 
M-430-15 
M-430-12 

Intake 

5 
5 

98 
25 
 

Pacific Oysters, 
Manila Clams, 
Blue Mussels 

Pacific Oysters, 
European 
Oysters, 

Kumomoto 
Oysters, 

Point Reyes 
Oyster 
Company 

00416 
M-430-13 
M-430-14 
M-430-17 

25 
5 

62 

Pacific Oysters, 
Bay Mussels, 
Manila Clams, 
European Flat 

Oysters 

Tomales Bay 
Shellfish 
Farms, Inc. 
 

00330 
 

M-430-05 
 

156 
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Figure 3a. 
Location of Commercial Shellfish Growing Area Leases and 

Prohibited Zones in Tomales Bay (Inner Bay) 
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Figure 3b. 

Locations of Commercial Shellfish Growing Area Leases and 
Prohibited Zones in Tomales Bay 
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Figure 3c. 

Location of Commercial Shellfish Growing Area Leases and  
Prohibited Zones in Tomales Bay 

 

 
Source: Draft Twelve-Year Sanitary Survey Report; Shellfish Growing Area Classification for Tomales Bay (DHS, 
2001). 
* HIOC WS: Hog Island Oyster Company Wet Storage 
 

2.7  Tomales Bay Hydrodynamics 
 
Researchers at the University of California, Berkeley developed a three-dimensional 
hydrodynamic state-of-the-art numerical model of Tomales Bay to evaluate pollutant 
transport (Brennan and Stacey, 2005a). This model simulates the Bay as a network of 
over 800,000 cells, which exchange water according to the governing laws of physics, 
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including the effects of fresh and salt-water density differences. The model inputs 
include the tidal stage at the mouth of the bay and fresh water flow from the creeks 
discharging to the bay. Comparison between the model’s predictions and direct field 
observations of currents and salinity show good agreement.  
 
After constructing and validating the model, Brennan and Stacey investigated the 
transport of pathogens entering the Bay from fresh water creeks. Water entering the 
Bay was tagged with a tracer—a sort of virtual dye—unique to its source. This tracer 
then served to quantify how the flows of the Bay transport and dilute pathogens. The 
distribution of pathogens entering the Bay from Walker Creek was evaluated at the 
individual shellfish sampling areas located on the Walker Creek delta. The model 
quantified the temporal and spatial variability of pathogen concentrations in response to 
different tidal conditions and creek flow rates for a period corresponding to hydrologic 
conditions from the winter of 2003–04. The results indicate that at times minimal to no 
dilution of Walker Creek water occurs at a number of the shellfish growing beds. 
Similarly, at the south end of the Bay (i.e., inner Bay) there is little dilution of tributary 
flows.  
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Environmental Impacts 

Level of 
Significance 

Without 
Mitigation Mitigation Measures 

Level of 
Significance 

With  
Mitigation 

TRANS-3 (Group 1):  For Existing Conditions Plus the Project, the 
average vehicle delay at the MacArthur Boulevard/Lakeshore 
Avenue intersection would increase by 13.8 seconds during the PM 
peak hour where the LOS is rated F without the project. 
 

 

S TRANS-3 (Group 1): The City shall make the following modifications at the 
MacArthur Boulevard/Lakeshore Avenue intersection to improve traffic 
operations: 

1. Convert the combination left-through lane on eastbound MacArthur 
Boulevard to a through-only lane, resulting in one left-turn lane, two 
through lanes and one combination through-right turn lane; 

2. Convert the center southbound lane on Lakeshore Avenue from a through 
movement to a combined through-left turning movement and provide split 
signal phasing for Lakeshore Avenue traffic movements; and 

3. Optimize traffic signal timing. 
This mitigation measure would reduce the total intersection average vehicle 
delay by 39.3 seconds during the PM peak hour, and the intersection would 
operate at LOS E. After project mitigation, the intersection would operate at a 
total average vehicle delay that would be 25.5 seconds lower than the delay with 
no project and no mitigation. 

LTS 

TRANS-4 (Group 1):  For Existing Conditions Plus the Project. the 
average vehicle delay at the 27th Street/Bay Place/Harrison Street 
intersection would increase by 4.6 seconds during the AM peak 
hour where the LOS is rated F without the project. 
 

 

S TRANS-4 (Group1): The City shall optimize the signal timing at the 27th 
Street/Bay Place/Harrison Street intersection to reduce the total intersection 
average vehicle delay by 49.9 seconds during the AM peak hour. Although with 
mitigation the intersection would remain at LOS F, it would operate at a total 
average vehicle delay that would be 45.3 seconds lower than the delay with no 
project and no mitigation.  

LTS 

TRANS-5 (Group 1): Under Cumulative Plus Project Conditions, 
the Santa Clara Avenue/Grand Avenue intersection would degrade 
to LOS F during the PM peak hour. 

S TRANS-5 (Group 1): Implementation of Mitigation Measure TRANS-1 would 
optimize the signal timing at the Santa Clara Avenue/Grand Avenue intersection 
and improve traffic operations to LOS E (73.9 seconds average delay) during 
the PM peak hour for the project under cumulative conditions. No other feasible 
mitigation measures were identified at this intersection as further improvements 
would entail widening of the roadway and require acquisition of right of way. 
Widening would also have adverse impact on the pedestrian environment at this 
heavily used intersection. After mitigation, the cumulative impact would remain 
significant and unavoidable. 

SU 
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Environmental Impacts 

Level of 
Significance 

Without 
Mitigation Mitigation Measures 

Level of 
Significance 

With  
Mitigation 

TRANS-6 (Group 1):  Under the Cumulative Plus Project 
Conditions, the MacArthur Boulevard/Grand Avenue intersection 
would degrade to LOS F during the PM peak hour. 
 

 

S TRANS-6 (Group 1): The City shall make the following modifications at the 
MacArthur Boulevard/Grand Avenue to improve traffic operations: 
1. Convert the center southbound lane on Grand Avenue from a through 

movement to a combined through-left turning movement and provide split 
phasing for northbound and southbound Grand Avenue traffic movements; 
and 

2. Optimize traffic signal timing for both AM and PM peak periods. 
The modifications at the MacArthur Boulevard/Grand Avenue intersection 
described above would reduce the delay from 120.2 seconds to 81.7 seconds 
under the Cumulative Plus Project Conditions, but the intersection would remain 
at LOS F during the PM peak hour. No other feasible mitigation measures were 
identified at this intersection as further improvements would entail widening of 
the roadway and require acquisition of right of way.  Widening would also have 
adverse consequence for pedestrians.  After mitigation, the cumulative impact of 
would remain significant and unavoidable. 

SU 

TRANS-7 (Group 1):  Under the Cumulative Plus Project 
Conditions, the Lake Park Avenue/Lakeshore Avenue intersection 
would degrade to LOS F during the AM peak hour.  
 

S TRANS-7 (Group 1): The City shall implement Mitigation Measure TRANS-2 
and make the following modifications at the Lake Park Avenue/Lakeshore 
Avenue intersection to improve traffic operations: 
1. Add a left-turn lane from the freeway off-ramp on the westbound Lake 

Park Avenue approach to the intersection; and  
2. Optimize traffic signal timing. 
The modification at the Lake Park Avenue/Lakeshore Avenue intersection 
described above would reduce the total intersection average vehicle delay by 
115.3 seconds during the AM peak hour, although the intersection would 
operate at LOS E. After the project mitigation, the intersection would operate at 
a total average vehicle delay that would be 12.3 seconds lower than the delay 
under existing conditions with no project and no mitigation. Implementation of 
this mitigation measure would reduce the impact to a less-than-significant level. 
However, the City’s ability to add the left-turn lane from the freeway ramp 
depends upon acquisition of right-of-way and an encroachment permit from 
Caltrans. Because the City cannot guarantee Caltrans’ approval, the City is 
taking the conservative approach of considering this impact significant and 
unavoidable until sufficient right-of-way can be acquired and Caltrans approves 
an encroachment permit. 

SU 
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Environmental Impacts 

Level of 
Significance 

Without 
Mitigation Mitigation Measures 

Level of 
Significance 

With  
Mitigation 

TRANS-8 (Group 1):  Under the Cumulative Plus Project 
Conditions, the 10th Street/Oak Street intersection would degrade to 
LOS F during the AM peak hour. 

S TRANS-8 (Group 1): The City shall optimize the signal timing (modify the 
phase splits) at the 10th Street/Oak Street intersection to improve traffic 
operations. Implementation of the recommended mitigation would improve the 
intersection to LOS D during the AM peak hour. 

LTS 

TRANS-9 (Group 1):  Under the Cumulative Plus Project 
Conditions, the 7th Street/Oak Street intersection would degrade to 
LOS F during the PM peak hour. 

S TRANS-9 (Group 1): The City shall optimize the signal timing (modify the 
phase splits) at the 7th Street/Oak Street intersection to improve traffic 
operations. Implementation of the recommended mitigation would improve the 
intersection to LOS D during the PM peak hour. 

LTS 

D.  Air Quality 
There are no significant Air Quality impacts. 
E.  Noise 
NOISE-1 (Group 1):  Pile driving would generate noise levels that 
exceed the City’s long-term construction noise standards. 
 

LTS/S The City’s Standard and Uniformly Applied Conditions of Approval would 
reduce the impacts to less-than-significant levels. However, not all noise-
reducing measures may be feasible in all cases and, if not, the impact would be 
significant and unavoidable. 

SU 

F.  Biological Resources 
BIO-1 (Group 2): Construction of an observation structure at the 
66th Avenue Gateway site may impact state or federally listed tidal 
marsh species. 

S BIO-1a (Group 2): Ground disturbance in the vicinity of Damon Marsh shall be 
conducted only when high tides are not at their winter or summer extremes, to 
reduce the likelihood that tidal marsh rails and SMHM will be present in the 
construction footprint. Ground disturbance shall be avoided during the highest 
tides of June–July and December–January (± one week each month). 

LTS 

  BIO-1b (Group 2): Prior to ground disturbance, a qualified biologist 
experienced with SMHM exclusion procedures shall prepare a site-specific 
SMHM avoidance plan. At a minimum, the plan shall include (1) the installation 
of silt fencing around the entire portion of the work area (that is within 100 feet 
from the edge of the marsh) to exclude SMHM from entering, (2) the clearing of 
all ground vegetation within the fenced area, and (3) the relocation to Damon 
Marsh of any SMHM found during the vegetation removal effort. Construction 
work shall start as soon as possible (and no longer than one week) after 
vegetation has been cleared. All exclusion measures and initial ground 
disturbance activities shall be monitored by a biologist, who has the necessary 
state and federal permits to handle and relocate SMHM. 
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BIO-1 Continued  BIO-1c (Group 2): To avoid potential disturbance to nesting tidal marsh rails, 
construction of the observation structure shall be conducted during the non-
breeding season (September 1 through January 31), unless prior surveys indicate 
that marsh habitat within 100 feet of the construction footprint is not part of an 
active rail breeding territory. Such surveys must be conducted in accordance 
with a project-specific survey protocol prepared in accordance with the USFWS 
and CDFG guidelines. 

 

BIO-2 (Group 2): Construction of the pile-supported boardwalks 
along the Waterfront Trail may impact fisheries resources within the 
Oakland Inner Harbor. 

S BIO-2 (Group 2): To avoid adverse impacts to Pacific herring, federally listed 
salmonids (chinook salmon, coho salmon, and steelhead), and EFH, pile driving 
shall occur within the June 1 to November 30 work window in accordance with 
NMFS guidelines.1 Any pile driving occurring outside this period will require 
informal or formal consultation with the NMFS (for listed salmonids and EFH) 
and CDFG (for Pacific herring) prior to the Corps’ issuance of a Section 404 
permit for impacts to waters of the U.S. 

LTS 

BIO-3 (Groups 1, 2, and 4): Construction of some components 
within the Lake Merritt and Lake Merritt Channel, Waterfront Trail, 
and City-wide Creeks groups may impact waters of the U.S. and 
State. 

S BIO-3a (Groups 1, 2, and 4): All Measure DD-funded activities within 
jurisdictional waters shall first obtain authorization from the appropriate 
agencies (Corps, Water Board, CDFG, and BCDC). At a minimum, each 
activity will likely require a Section 404 Corps permit and Section 401 water 
quality certification from the Water Board. Creek restoration activities may also 
require a CDFG Lake or Streambed Alteration Agreement, depending on site-
specific conditions. Construction of the fixed pier boardwalks along the 
Waterfront Trail will require BCDC approval since it proposes construction over 
and filling of Bay waters (i.e., concrete piers). 

LTS 

                                                      
1 National Marine Fisheries Service (NMFS). San Francisco Bay Project Impact Evaluation System (PIES) website. <http://mapping.orr.noaa.gov/website/portal/pies/faqs.html> 

Accessed April 12, 2007. 
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BIO-3 Continued  BIO-3b (Groups 1, 2, and 4): Impacts to jurisdictional wetlands shall be 
mitigated at a minimum replacement ratio of 1:1 (i.e., one acre created [and 
preserved] for every acre impacted). If feasible, replacement habitat shall be 
created/preserved in the same general area as the original impact. Off-site 
mitigation may be approved if the amount of required replacement habitat 
exceeds that which is available near a given impact site. A wetland mitigation 
and monitoring plan (MMP) shall be developed for each mitigation site, 
detailing the mitigation design, wetland planting design, adaptive management, 
maintenance and monitoring requirements, reporting requirements, and success 
criteria for the created wetland(s). 

 

BIO-4 (Group 1): The introduction of small boat traffic to the Lake 
Merritt Channel would result in increased disturbance levels to 
wintering migratory ducks and other waterbirds. 

S BIO-4 (Group 1): Small boat use of the Lake Merritt Channel shall be restricted 
to the non-wintering period of April–September, when waterbird abundance is 
low. During the closure period, booms shall be placed across the outlet to the 
Channel from Lake Merritt and at the 7th Street dam to prevent boat access and 
signs shall be posted indicating that the Channel is closed to recreational users. 
This would reduce the impact to a less-than-significant level. 

LTS 

G.  Cultural Resources 
CULT-1 (Group 1): Project activities within the Lake Merritt and 
Lake Merritt Channel group may impact subsurface prehistoric 
archaeological materials that may qualify as historical resources 
under CEQA. 

S CULT-1 (Group 1): A qualified archaeologist who meets the Secretary of the 
Interior’s Professional Qualifications Standards CFR 66, Appendix C, (48 FR 
44738-9) and the certification requirements of the Register of Professional 
Archaeologists shall monitor initial project construction ground disturbing 
activities, such as trenching or excavating with a backhoe or bulldozer, in the 
12th Street reconstruction area. The protocols for monitoring and data recovery 
outlined in the Archaeological Monitoring and Discovery Plan, 12th Street 
Reconstruction Project (AMDP)1 shall be implemented. Monitoring shall 
continue as deemed necessary by the monitor based on the initial observations. 
If the monitor observes subsurface prehistoric archaeological materials during 
excavation, such as those associated with CA-ALA-5 or P-01-010694, the 
monitor shall ensure that appropriate actions are taken as described in the 
following paragraphs.  
 

LTS 

                                                      
1 William Self Associates, Inc., 2005:4-9. Archaeological Monitoring and Discovery Plan, 12th Street Reconstruction Project. William Self Associates, Inc., Orinda, 

California. 
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CULT-1 Continued  In the event that archaeological materials are identified (e.g., obsidian, heat-
affected rock, faunal bone, and midden), the archaeologist will immediately 
notify the Construction Manager, who will temporarily stop construction to 
permit an examination of the find. Should the monitoring archaeologist 
determine that the cultural object or feature is significant (i.e., appears eligible 
for listing in the California Register of Historical Resources), a determination 
will be made as to the areal extent of the find, and the time required to mitigate 
(i.e., record and remove or collect all or part of) the discovery. Once the 
archaeological monitor has made a determination as to the time required to 
mitigate the find, and has sufficient supporting information, the monitor will 
take the following steps: 1) record, but not remove materials if non-cultural or 
non-significant, and allow work to progress, or 2) record and remove the 
isolated or limited cultural materials and permit work to progress.  
If the above steps do not apply (i.e., in those instances where the cultural 
materials are significant and not isolated or spatially limited), then the 
Construction Manager shall be notified and recovery of the materials shall 
occur. Diagnostic artifacts, as well as those classes of artifacts for which an 
adequate sample has not yet been recovered, shall be collected and bagged 
following photographing and recording of provenience. Mapping of deposits 
would be coordinated using existing engineering survey controls, and elevation 
accuracy will be maintained during the excavation to permit provenience 
controls for artifact recording. All information needed, including soil color or 
type, elevation, location, photographs, and sketch maps will be gathered as 
quickly as conditions permit to allow resumption of construction activities. All 
recovered cultural materials shall be cleaned as appropriate, preserved if 
necessary, bagged, and tagged or marked so as to permit its identification in an 
acceptable record system, and in accordance with recognized professional 
standards. All recovered cultural material shall be analyzed sufficiently to 
permit identification in accordance with recognized professional standards and 
submitted to a curation facility, as appropriate. A Final Monitoring Report shall 
be prepared, describing the results of monitoring, data recovery, and analysis. 

LTS 
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CULT-2 (Group 4): Project activities associated with the City-wide 
Creeks group may impact historical resources. 

S CULT-2 (Group 4): A preconstruction cultural resources study by a qualified 
person shall be done for the City-wide Creeks project sites, unless the proposed 
activities at the site would involve minimal (or no) ground disturbance, such as 
weeding, hand planting, sign placement, or pruning. For this non-intrusive or 
minimally intrusive work no mitigation would be needed. For all other work, the 
preconstruction study will be used to determine whether cultural resource(s) will 
be adversely affected by project activities and will ensure that, if a cultural 
resource(s) is present within a City-wide Creek restoration site, impacts to this 
resource will be avoided or mitigated.  
The first phase of the study will assess the prehistoric and historical sensitivity 
for each City-wide Creeks restoration site (or group of sites) and will review 
project plans to assess the potential for project activities to impact cultural 
resources at a creek restoration site. The study will include a literature review 
and a records search at the Northwest Information Center, Rohnert Park, and a 
site visit to determine the likelihood of recorded or surface-exposed cultural 
resources at a creek restoration site. A brief letter report shall be prepared for the 
City that includes the results of the background research and, based on the 
results of the background research, a determination of whether additional study 
for cultural resources at a given location will be necessary. If no cultural 
resources that would be disturbed by the project activities are identified in this 
phase, the City’s Standard Conditions of Approval, which address accidental 
discoveries, shall be implemented and would reduce the impact to a less-than-
significant level. If cultural resources that could be disturbed by the project 
activities are tentatively identified, additional study, construction monitoring, 
and mitigation, as appropriate, shall be performed. 

LTS 
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CULT-2 Continued  If cultural resources that could be disturbed by the project activities are 
tentatively identified, a field survey shall be conducted to identify the cultural 
resources and an archaeological excavation shall be performed, as necessary, to 
determine whether archaeological deposits are present. The excavation phase 
may be conducted during the initial ground disturbing work at the site(s). If the 
excavation phase is conducted during the initial ground disturbing work, the 
monitoring protocols described in CULT-1 shall be followed. If no cultural 
resources are identified in this phase, the City’s Standard Conditions of 
Approval, which address accidental discoveries, shall be implemented and 
would reduce the impact to a less-than-significant level. If cultural resources are 
identified, the cultural resources shall be preserved, mapped and otherwise 
documented as described in CULT-1. Implementation of these measures will 
reduce the impact to a less-than-significant level. 

 

H.  Hydrology and Water Quality 
HYD-1 (Groups 1 – 4):  Existing groundwater well(s), that may be 
encountered and/or damaged by proposed project activities, could 
act as conduits for migration of pollutants to the underlying 
groundwater aquifer. 

S HYD-1 (Groups 1 – 4):  Any existing wells discovered during the 
implementation of Measure DD shall be either: 1) properly abandoned in 
compliance with the California Department of Water Resources California Well 
Standards and Alameda County Environmental Health Department requirements 
prior to final approval of the grading plan; or 2) inspected by a qualified 
professional to determine whether each well is properly sealed at the surface to 
prevent infiltration of water-borne contaminants into the well casing or 
surrounding gravel pack. The California Well Standards require an annular 
surface seal of at least 20 feet. If the wells are found not to comply with this 
requirement, the City shall retain a qualified well driller to install the required 
seal. 

LTS 

I.  Geology, Soils and Seismicity 
There are no significant Geology, Soils and Seismicity impacts. 
J.  Hazards and Hazardous Materials 
HAZ-1 (Group 1): The Reconstruction of 12th Street would 
temporarily close a designated emergency evacuation route. (S) 

S HAZ-1 (Group 1): In advance of construction, the City shall prepare detour 
plans for the emergency evacuation route along 12th Street in accordance with 
the City’s Office of Emergency Services requirements. The plans shall be 
reviewed and approved by the Office of Emergency Services prior to the start of 
construction. The implementation of the plans during construction would ensure 
that alternative emergency evacuation routes are identified and available during 
project construction and would reduce the impact to a less-than-significant level.

LTS 
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K.  Public Services and Recreation 
There are no significant Public Services and Recreation impacts. 
L.  Utilities and Infrastructure 
There are no significant Utilities and Infrastructure impacts. 
M.  Aesthetics 
There are no significant Aesthetics impacts. 
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• Restore Studio One; and 

• Support the following objective for recreational facilities as set forth in the OSCAR Element: 

o Maintain park facilities so that their ability to meet recreational needs is optimized and to 
rehabilitate recreational facilities on a regular basis so that they remain useful, attractive, and 
safe. 

 
City-wide Creeks Restoration, Preservation and Acquisition (Group 4) 

• Acquire and restore creek habitat;  

• Improve water quality within the City of Oakland; 

• Restore Oakland's creeks and wetlands to a more natural state in order to enhance the beneficial 
uses of creeks and wetlands. These beneficial uses include native wildlife habitat creation, 
cleansing of stormwater runoff, slope stabilization, stormwater conveyance and storage, sediment 
transport and storage, recreation and educational opportunities and improvement of 
neighborhoods through community building and aesthetic improvements; 

• Support the following objectives for creeks as set forth in the OSCAR Element: 

o Conserve open space along Oakland’s creeks, restoring the creeks where feasible and 
enhancing creek access on public lands; 

o Minimize the adverse effects of urbanization on Oakland’s groundwater, creeks, lakes, and 
near-shore waters;  

o Protect the ecology and promote the beneficial uses of Oakland’s creeks, lakes, and near-
shore waters; and 

• Support the following objectives of the Oakland Creek Protection Ordinance: 

o Safeguard and preserve creeks and riparian corridors in a natural state; 

o Preserve and enhance creekside vegetation and wildlife; 

o Prevent activities that would contribute significantly to flooding, erosion or sedimentation, or 
that would destroy riparian areas or would inhibit their restoration;  

o Enhance recreational and beneficial uses of Creeks; 

o Control erosion and sedimentation; 

o Protect drainage facilities; 

o Protect the public health and safety, and public and private property; and 

o Protect and enhance the water quality of Oakland’s watercourses, water bodies, and wetlands 
in a manner pursuant to and consistent with the federal Clean Water Act. 

 
 
C. PROPOSED MEASURE DD IMPLEMENTATION COMPONENTS 
Descriptions of the proposed components that comprise the four Measure DD implementation groups 
are provided in this section. The level of detail provided for each group and its proposed components 
varies based on current conditions surrounding each proposed project component and the level of 
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available detail. For example, some proposed components in the Lake Merritt and Lake Merritt 
Channel group and Waterfront Trail group are near or under construction, and as such, a detailed 
level of design information is available for their analysis and evaluation. In contrast, the proposed 
components within the North and East Oakland Recreational Facilities and City-wide Creeks groups 
are at widely varied stages of design. For example, the East Oakland Aquatic, Sports and Recreation 
Complex, one of the two recreational facilities identified in this group, is not yet fully funded and is 
still in an early stage of design while the other recreational component, Studio One Art Center, is 
already being renovated. Likewise, the City-wide Creeks group has proposed components at many 
levels of planning, design or construction, from completed project components to those that have not 
yet begun the design process. Table III-1 lists the components of Measure DD and their current stage 
of development. 
 
As a result of the range in the level of detail currently available for the various proposed project 
components, the level of detail for the analysis of each component within this EIR also varies. 
Because fairly detailed information and plans are available for proposed components within the Lake 
Merritt and Lake Merritt Channel group and the Waterfront Trail group, these groups are evaluated at 
a project level. Proposed components within the Recreational Facilities and City-wide Creeks groups 
are analyzed at a program level. For the East Oakland Aquatic, Sports and Recreation Complex, the 
program-level analysis is appropriate because planning is still at a preliminary stage. For the City-
wide Creeks group, acquisition and restoration is proposed to occur on many, small sites throughout 
Oakland that have not yet been specifically identified. Although each is unique, the types of activities 
required and their potential impacts would be similar and conducive to the application of performance 
standards that can be applied programmatically.  
 
The following subsections describe the four Measure DD funded project groups and their associated 
components. Each proposed component is numbered for ease of reference. 
 
1. Lake Merritt and Lake Merritt Channel Improvements (Group 1) 
The major proposed components in the Lake Merritt and Lake Merritt Channel group are (beginning 
at the southern end of the Lake): the 12th Street Improvements (1a); Lake Merritt Channel (1b); 
Lakeshore Avenue, El Embarcadero, Pergola, and E. 18th Street Pier Improvements (1c); Lakeside 
Drive and Municipal Boathouse (1d); Snow Park/Lakeside-Harrison-20th Street Intersection (1e); 
Bellevue Avenue Redesign, Children’s Fairyland, and the Sailboat House (1f). Additional proposed 
components include water quality improvements for the Lake and improvements of the Lake Merritt 
retaining walls (1g). The locations of these proposed components are shown in Figure III-1 and 
described in additional detail below. Given the level of detail known about these proposed 
components, they are analyzed within the EIR at a project level, as described above and within 
Chapter I, Introduction. 
 
a. 12th Street Improvements (1a). Existing 12th Street is a 12-lane divided roadway that crosses 
the Lake Merritt Channel. Water passes under the roadway through a series of unnavigable culverts. 
Pedestrian and bicycle access between Lake Merritt Park and the Channel is only provided only 
through a tunnel. As part of the proposed Measure DD improvements, the 12th Street culvert at Lake 
Merritt Channel would be replaced with a 100-foot-wide open channel, spanned by bridges, to allow 
increased tidal flow into and out of Lake Merritt and greater public access to the Channel. 
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4. City-wide Creeks Restoration, Preservation and Acquisition (Group 4) 
Oakland’s watershed has fifteen main creeks with over thirty tributaries that comprise over 40 miles 
of open creeks. As part of Measure DD funded activities, the City would restore, preserve and/or 
acquire various targeted creek sites as shown in Figure I-3. The intent of the restoration is to improve 
water quality, hydrology and wildlife habitat to prevent floods, improve public accessibility and 
increase community stewardship. Specific activities may include creek bank stabilization, riparian 
habitat restoration, hydrology restoration, public education displays, erosion control, and introduction 
of native wildlife. Creeks specifically called out in Measure DD are Sausal Creek, Lion Creek, Palo 
Seco Creek, Cinderella Creek, Arroyo Viejo Creek, Shepherd Creek, Glen Echo Creek, Temescal 
Creek, Coliseum Slough, Horse Shoe Creek, San Leandro Creek, Peralta Creek, and Courtland Creek. 
All work would be accomplished in accordance with the City’s “Creek Protection, Stormwater 
Management and Discharge Control Ordinance.” The CEQA analysis for these proposed components 
of Measure DD implementation is at a program level as final selection of specific sites has not 
occurred.   
 
a. Creek Restoration Activities. The proposed Measure DD funded creek restoration activities 
are intended to improve water quality and to enhance habitat for avian, fish, invertebrate, and insect 
populations through the creation of native plant communities, improved aquatic environments, and 
increased diversity of landscape types. Restoration would incorporate existing resources at creek sites 
to the extent feasible and would preserve and protect special-status species, if present. Existing 
habitat and vegetation to be preserved, including special-status plant species, would be identified by 
conducting site surveys before or during the design phase. The creeks on which restoration is 
contemplated include: Sausal Creek, Lion Creek, Palo Seco Creek, Cinderella Creek, Arroyo Viejo 
Creek, Shepherd Creek, Glen Echo Creek, Temescal Creek, Horse Shoe Creek, San Leandro Creek, 
Peralta Creek, Courtland Creek, and Coliseum Slough. 
 
Restoration activities under Measure DD could include the following: 
• Demolition of existing hardscape 
• Demolition and construction of water diversion structures to and from bypass channels 
• Realignment of existing utilities 
• Grading, clearing and grubbing of existing landscaped areas 
• Tree pruning and removal 
• Control and removal of undesirable plant species 
• Creek bed grading  
• Creek realignment 
• Removal of underground culverts and re-establishment of open creek channel 
• Culvert/concrete channel alternations, repair and replacement  
• Toe stabilization utilizing biotechnical engineering techniques and hard engineering solutions 

including but not limited to rip rap, boulder placement, root wads, gabions, and reinforced walls 
• Slope stabilization utilizing biotechnical engineering techniques and hard engineering solutions 

including but not limited to brush layering, brush mattresses, fascines, crib walls, retaining walls, 
live stakes and plantings 
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• In-stream improvements including but not limited to riffles, check dams, pools, fish ladders, 
weirs, and dikes  

• Planting and irrigation 
• Access improvements including but not limited to pathways, bridges, stairs, boardwalks, ramps, 

overlooks, benches, tables, and fences 
• Educational elements including but not limited to signage, outdoor seating areas, scopes, 

interpretive art, kiosks, and viewing platforms  
• Reduction of vehicular and/or pedestrian access to some project areas 
• Restoration to more stable hydrology 
• Volunteer weed abatement, native planting propagation and plantings  
 
b. Creek Property Preservation and Acquisition.  The proposed Measure DD funded creek 
preservation and acquisition activities would enable the City and its partners to protect ecologically 
valuable lands in and around Oakland’s waterways. Preservation of creek areas would improve water 
quality, create new open spaces and recreational opportunities, and protect special wildlife habitats 
and unique natural resources.   
 
The principle tools that could be implemented with Measure DD funding include the following:   

• City partnership with the private sector to protect creek property within proposed development 
plans, 

• Conservation easements either obtained through purchase or donation, and  

• Acquisition of Fee Simple Title either through purchase or donation. 
 
c. Specific Creek Improvements. Specific creek restoration/acquisition activities that have been 
proposed under Measure DD are outlined in Table III-2. 
 
 
D. DISCRETIONARY ACTIONS 
The Measure DD Implementation Project would require discretionary actions that include but are not 
limited to: Design Review and Conditional Use Permits; Tree Removal Permits; Subdivision; 
Grading Permits; Land Acquisition & Condemnation; Creek Permits; and Encroachment Permits. 
 
 
E. USE OF THIS EIR 
A number of permits and approvals, including discretionary actions listed above, would be required 
for the project. As lead agency for Measure DD implementation, the City of Oakland would be 
responsible for the majority of the approvals required for implementation of the project. Other 
agencies may have some authority related to the project and its approvals. A non-exclusive list of the 
required permits and approvals that may be required by the City and other agencies is provided in 
Table III-3. This EIR is intended to be used for all discretionary approvals required by the City and 
other agencies in connection with the project. This includes funding decisions on grants, etc., which 
are not included on this list. 
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Table III-2: Proposed Creek Restoration and Preservation Components        
Creek Area Activity 

Arroyo Viejo Creek Restoration at 
Knowland Park   

Remove non-native vegetation, implement bank stabilization, restore native 
habitat, and install outdoor "classroom" patios with interpretative signage on 
watershed ecology 

Sausal Creek Restoration, Dimond Park   Remove failing concrete spillway, repair eroding banks, create new trout habitat, 
possible daylighting a portion of creek in Dimond Park, and possible tree 
removals 

Shepherd Creek at Shepherd Canyon 
Park    

Stabilize creek banks, install bioengineering to address erosion, install berms to 
prevent flooding to field, create expanded wetland and native plant area, and 
expand footbridge 

Claremont Creek Garber Park    Restore creek banks, revegetate with riparian plants, and create public access and 
recreational opportunities 

Lion Creek at Lion Crossings Park    Create new creek/tidal channel with native riparian and wetland habitat areas 
Peralta Creek, Butters Canyon    Develop and implement revegetation/restoration plan for lots previously acquired 

by Butters Land Trust and additional lots purchased and/or preserved via 
conservation easements by the City of Oakland   

Glen Echo Creek at Oak Glen Park   Revegetation, bank stabilization, and increase flood detention capacity 
Courtland Creek,  Courtland Creek Park 
(between Brookdale and Fairfax 
Avenues)   

Remove non-native vegetation, open up view of the creek, restore native plants, 
and implement bank stabilization 

Temescal Creek Restoration at North 
Oakland Sports Field (SE of Hwy 13/24 
interchange)   

Riparian restoration at the City owned North Oakland Sports Field to enhance 
habitat function and educational opportunities 

Horseshoe Creek Restoration/Leona 
Open Space (Between Redwood Rd. and 
Merritt College)    

Remove a long concrete channel and implement restoration measures and trail 
improvements 

Palo Seco Daylighting at Joaquin Miller 
Park     

Daylight (remove from underground culvert) 1,000 feet of streambed, restore 
riparian habitat, retain existing picnic areas and provide bridges to link picnic 
areas to existing trails 

Peralta Creek, Peralta Hacienda Park   Improve habitat and water quality along Peralta Creek in Peralta Hacienda Park, 
remove non-native plants and re-vegetate with riparian native plants 

Coliseum Slough Restoration (between 
San Leandro Blvd and the Bay at the 
Oakland Coliseum)   

Enhance habitat function, trail access to the Bay Trail, recreational facilities, and 
trash/debris removal at the mouth of Lion and Arroyo Viejo Creeks 

Lion Creek at McCrea Memorial Park 
(casting ponds)   

Restore channel and native habitat, improve connection between the park and the 
creek 

Sausal Creek Restoration, Hawthorne 
School    

Daylight creek to enhance water quality, restore native riparian vegetation, create 
a new creek open space behind Hawthorne School, and connect to Sanborn Park 

Sausal Creek, 27th Street at Barry Place    Revegetate creek banks and install improvements to create a new public park 
Sausal Creek, Beaconsfield Open Space    Daylight creek from deteriorating culvert, restore habitat, and address severe 

erosion   
San Leandro Creek at Sobrante Park   Restore creek by removing concrete channel and layback the north creek bank to 

provide flow capacity, revegetate north bank and connect creek to Park and 
Washington Middle School through landscaping design 

Seminary Creek at Rainbow Recreation 
Center     

Remove concrete channel and restore creek meander and riparian vegetation 

Glen Echo Creek Restoration at 
Mosswood Park   

Daylight approximately 600 feet of creek and restore to natural condition 

Lion Creek at Coliseum Gardens Construct a creek and wetland adjacent to the existing concrete flood control 
channel in order to restore habitat 

Source: City of Oakland, Public Works Agency, 2007. 
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• Policy OS-12.1: Incorporate a broad and varied range of tree species which is reflected on a City-maintained list of 
approved trees. Street tree selection should respond to the general environmental conditions at the planting site, 
including climate and micro-climate, soil types, topography, existing tree planting, maintenance of adequate distance 
between street trees and other features, the character of existing development, and the size and context of the tree 
planting area. 

• Policy REC-2.3: Protect sensitive natural areas within parks, including creeks and woodlands, and integrate them into 
park design. Require new recreational facilities to respect existing park character, be compatible with the natural 
environment, and achieve a high standard of design quality.  

The following policies from the LUTE of the General Plan are applicable to the proposed project: 
• Policy W3.2: The function, design and appearance, and supplementary characteristics of all uses, activities, and 

facilities should enhance, and should not detract from or damage the quality of, the overall natural and built 
environment along the waterfront. 

• Policy W3.3: Native plant communities, wildlife habitats, and sensitive habitats should be protected and enhanced.  
The Oakland Estuary Plan contains the following policy relevant to biological resources: 
• Policy OAK-1.1: Encourage the preservation and enhancement of wetland areas. The waterfront should be improved in 

a manner that maintains and enhances the ecological value of the area in general and the Lake Merritt Channel in 
particular. In some locations, tidelands function as tidal wetlands, providing marsh habitat for fish, migratory 
waterfowl, and other animals. Improvements should be encouraged that restore wetland and marsh habitat. Wetlands 
should be protected by such treatments as setting back trails from the shoreline, installing suitable buffer planting to 
prevent disruption nesting and resting areas, seasonal routing of pedestrians to avoid sensitive habitats, etc. As 
improvements and projects are considered, the City and Port should work with interested groups and organizations to 
ensure appropriate treatments along the shoreline, particularly along the channel on the eastern bank between I-880 and 
Embarcadero.  

(12) City of Oakland Municipal Code. Title 12, Chapter 12.36 of the Oakland Municipal 
Code (OMC) requires that a permit be obtained prior to removing protected trees from either City or 
private property. Protected trees are defined as follows: 
• Any coast live oak (Quercus agrifolia) larger than 4 inches diameter-at-breast height (dbh) 

• Any tree that is larger than 9 inches dbh, except eucalyptus trees, or Monterey pines on City property and in 
development-related situations where more than five per acre are proposed to be removed.  

(13) City of Oakland’s Standard and Uniformly Applied Conditions of Approval. The 
City of Oakland’s Standard and Uniformly Applied Conditions of Approval (Standard Conditions of 
Approval) that would apply to the proposed project are listed below. Implementation of these 
conditions would ensure minimization of a project’s potential impacts to biological resources.  
 

Condition 31: Tree Removal Permit on Creekside Properties. Prior to issuance of a final inspection of the building 
permit. Prior to removal of any tree located on the project site which is identified as a creekside property, the project 
applicant must secure the applicable creek protection permit, and abide by the conditions of that permit.  
 
Condition 32: Tree Removal During Breeding Season. Prior to issuance of a tree removal permit. To the extent 
feasible, removal of the trees and other vegetation suitable for nesting of raptors shall not occur during the breeding 
season of March 15 through August 15. If tree removal must occur during the breeding season, all sites shall be 
surveyed by a qualified biologist to verify the presence or absence of nesting raptors or other birds.  Pre-removal 
surveys shall be conducted within 15 days prior to the start of work from March 15 through May 31, and within 30 
days prior to the start of work from June 1 through August 15. If the survey indicates the potential presence of 
nesting raptors or other birds, the biologist shall determine an appropriately sized buffer around the nest in which no 
work will be allowed until the young have successfully fledged.  The size of the nest buffer will be determined by the 
biologist in consultation with the CDFG, and will be based to a large extent on the nesting species and its sensitivity to 
disturbance. In general, buffer sizes of 200 feet for raptors and 50 feet for other birds should suffice to prevent 
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disturbance to birds nesting in the urban environment, but these buffers may be increased or decreased, as appropriate, 
depending on the bird species and the level of disturbance anticipated near the nest.  
 
Condition 33: Tree Removal Permit. Prior to issuance of a demolition, grading, or building permit. Prior to removal 
of any protected trees, per the Protected Tree Ordinance, located on the project site or in the public right-of-way 
adjacent to the project, the project applicant must secure a tree removal permit, and abide by the conditions of that 
permit. 
 
Condition 34: Tree Replacement Plantings. Prior to issuance of a final inspection of the building permit. 
Replacement plantings shall be required for erosion control, groundwater replenishment, visual screening and wildlife 
habitat in accordance with the following criteria: 

a) No tree replacement shall be required for the removal of nonnative species, for the removal of trees which is 
required for the benefit of remaining trees, or where insufficient planting area exists for a mature tree of the 
species being considered. 

b) Replacement tree species shall consist of Sequoia sempervirens (Coast Redwood), Quercus agrifolia (Coast 
Live Oak), Arbutus menziesii (Madrone), Aesculus californica (California Buckeye) or Umbellularia 
californica (California Bay Laurel) or other tree species acceptable to the Tree Services Division. 

c) Replacement trees shall be at least of 24-inch box size, unless a smaller size is recommended by the arborist, 
except that three 15-gallon-size trees may be substituted for each 24-inch box size tree where appropriate. 

d) Minimum planting areas must be available on site as follows: 

• For Sequoia sempervirens, three hundred fifteen square feet per tree; 

• For all other species listed in #b above, seven hundred (700) square feet per tree. 
e) In the event that replacement trees are required but cannot be planted due to site constraints, an in lieu fee as 

determined by the master fee schedule of the city may be substituted for required replacement plantings, with 
all such revenues applied toward tree planting in city parks, streets and medians. 

f) Plantings shall be installed prior to the issuance of a final inspection of building permit, subject to seasonal 
constraints, and shall be maintained by the project applicant until established. The Tree Reviewer may 
require a landscape plan showing the replacement planting and the method of irrigation. Any replacement 
planting which fails to become established within one year of planting shall be replanted at the project 
applicant’s expense. 

 
Condition 35: Tree Protection During Construction. Prior to issuance of a demolition, grading, or building permit. 
Adequate protection shall be provided during the construction period for any trees which are to remain standing, 
including the following, plus any recommendations of an arborist: 

a) Before the start of any clearing, excavation, construction or other work on the site, every protected tree 
deemed to be potentially endangered by said site work shall be securely fenced off at a distance from the base 
of the tree to be determined by the City Tree Reviewer. Such fences shall remain in place for duration of all 
such work. All trees to be removed shall be clearly marked. A scheme shall be established for the removal 
and disposal of logs, brush, earth and other debris which will avoid injury to any protected tree. 

b) Where proposed development or other site work is to encroach upon the protected perimeter of any protected 
tree, special measures shall be incorporated to allow the roots to breathe and obtain water and nutrients. Any 
excavation, cutting, filing, or compaction of the existing ground surface within the protected perimeter shall 
be minimized. No change in existing ground level shall occur within a distance to be determined by the City 
Tree Reviewer from the base of any protected tree at any time. No burning or use of equipment with an open 
flame shall occur near or within the protected perimeter of any protected tree. 

c) No storage or dumping of oil, gas, chemicals, or other substances that may be harmful to trees shall occur 
within the distance to be determined by the Tree Reviewer from the base of any protected trees, or any other 
location on the site from which such substances might enter the protected perimeter. No heavy construction 
equipment or construction materials shall be operated or stored within a distance from the base of any 
protected trees to be determined by the tree reviewer. Wires, ropes, or other devices shall not be attached to 
any protected tree, except as needed for support of the tree. No sign, other than a tag showing the botanical 
classification, shall be attached to any protected tree.  
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d) Periodically during construction, the leaves of protected trees shall be thoroughly sprayed with water to 
prevent buildup of dust and other pollution that would inhibit leaf transpiration. 

e) If any damage to a protected tree should occur during or as a result of work on the site, the project applicant 
shall immediately notify the Public Works Agency of such damage. If, in the professional opinion of the Tree 
Reviewer, such tree cannot be preserved in a healthy state, the Tree Reviewer shall require replacement of 
any tree removed with another tree or trees on the same site deemed adequate by the Tree Reviewer to 
compensate for the loss of the tree that is removed. 

f) All debris created as a result of any tree removal work shall be removed by the project applicant from the 
property within two weeks of debris creation, and such debris shall be properly disposed of by the project 
applicant in accordance with all applicable laws, ordinances, and regulations. 

 
Condition 69: Creek Protection Plan. Prior to and ongoing throughout demolition, grading, and/or construction 
activities. 
a) The approved creek protection plan shall be included in the project drawings submitted for a building permit (or 

other construction-related permit). The project applicant shall implement the creek protection plan to minimize 
potential impacts to the creek during and after construction of the project. The plan shall fully describe in plan and 
written form all erosion, sediment, stormwater, and construction management measures to be implemented on-site.  

b) If the plan includes a stormwater system, all stormwater outfalls shall include energy dissipation that slows the 
velocity of the water at the point of outflow to maximize infiltration and minimize erosion.  The project shall not 
result in a substantial increase in stormwater runoff volume or velocity to the creek or storm drains.  

 
Condition 70: Regulatory Permits and Authorizations. Prior to issuance of a demolition, grading, and/or building 
permit within vicinity of the creek. Prior to construction within the vicinity of the creek, the project applicant shall 
obtain all necessary regulatory permits and authorizations from the U.S Army Corps of Engineers (Corps), Regional 
Water Quality Control Board (RWQCB), California Department of Fish and Game, and the City of Oakland, and shall 
comply with all conditions issued by applicable agencies. Required permit approvals and certifications shall include, 
but not be limited to the following: 

a) U.S. Army Corps of Engineers (Corps): Section 404. Permit approval from the Corps shall be obtained for 
the placement of dredge or fill material in Waters of the U.S., if any, within the interior of the project site, 
pursuant to Section 404 of the federal Clean Water Act.  

b) Regional Water Quality Control Board (RWQCB): Section 401 Water Quality Certification. Certification that 
the project will not violate state water quality standards is required before the Corps can issue a 404 permit, 
above.  

c) California Department of Fish and Game (CDFG): Section 1602 Lake and Streambed Alteration Agreement. 
Work that will alter the bed or bank of a stream requires authorization from CDFG. 

 
Condition 71: Creek Monitoring. Prior to issuance of a demolition, grading, and/or building permit within vicinity of 
the creek. A qualified geotechnical engineer and/or environmental consultant shall be retained and paid for by the 
project applicant to make site visits during all grading activities; and as a follow-up, submit to the Building Services 
Division a letter certifying that the erosion and sedimentation control measures set forth in the Creek Protection Permit 
submittal material have been instituted during the grading activities. 
 
Condition 72: Creek Landscaping Plan. Prior to issuance of a demolition, grading, and/or building permit within 
vicinity of the creek. The project applicant shall develop a final detailed landscaping and irrigation plan for review and 
approval by the Planning and Zoning Division prepared by a licensed landscape architect or other qualified person. 
Such a plan shall include a planting schedule, detailing plant types and locations, and a system for temporary irrigation 
of plantings.  

a) Plant and maintain only drought-tolerant plants on the site where appropriate as well as native and riparian 
plants in and adjacent to riparian corridors. Along the riparian corridor, native plants shall not be disturbed to 
the maximum extent feasible. Any areas disturbed along the riparian corridor shall be replanted with mature 
native riparian vegetation and be maintained to ensure survival. 

b) All landscaping indicated on the approved landscape plan shall be installed prior to the issuance of a Final 
inspection of the building permit, unless bonded pursuant to the provisions of Section 17.124.50 of the 
Oakland Planning Code. 
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c) All landscaping areas shown on the approved plans shall be maintained in neat and safe conditions, and all 
plants shall be maintained in good growing condition and, whenever necessary replaced with new plant 
materials to ensure continued compliance with all applicable landscaping requirements. All paving or 
impervious surfaces shall occur only on approved areas. 

 
Condition 73: Creek Dewatering and Aquatic Life. Prior to the start of and ongoing throughout any in-water 
construction activity. 
 

a)   If any dam or other artificial obstruction is constructed, maintained, or placed in operation within the stream 
channel, ensure that sufficient water is allowed to pass down channel at all times to maintain aquatic life 
(native fish, native amphibians, and western pond turtles) below the dam or other artificial obstruction. 

b)  The project applicant shall hire a biologist to relocate all native fish/native amphibians/western pond turtles 
within the work site, with all necessary State and Federal permits, prior to dewatering. Captured native 
fish/native amphibians/western pond turtles shall be moved to the nearest appropriate site on the stream 
channel downstream. The applicant shall first obtain a project-specific authorization from the CDFG and/or 
USFWS, as applicable, to relocate these animals. The biologist/contractor shall check daily for stranded 
aquatic life as the water level in the dewatering area drops. All reasonable efforts shall be made to capture 
and move all stranded aquatic life observed in the dewatered areas. Capture methods may include fish 
landing nets, dip nets, buckets, and by hand. Captured aquatic life shall be released immediately in the 
nearest appropriate downstream site. This condition does not allow the take or disturbance of any state- or 
federally listed species nor state-listed species of special concern, unless the applicant obtains a project-
specific authorization from the CDFG and/or USFWS, as applicable.  

 
2.   Impacts and Mitigation Measures 
This section discusses potential impacts to biological resources that could result from implementation 
of Measure DD. The section begins with the significance criteria, which establish the thresholds used 
to determine whether an impact is significant. The latter part of this section presents the impacts 
associated with Measure DD and identifies mitigation measures, as appropriate.  
 
a. Criteria of Significance. Implementation of the proposed project components would have a 
significant impact on biological resources if they would: 
 

1) Have a substantial adverse effect, either directly or through habitat modifications, on any species 
identified as a candidate, sensitive, or special-status species in local or regional plans, policies, or 
regulations, or by the CDFG or USFWS; 

2) Have a substantial adverse effect on any riparian habitat or other sensitive natural community 
identified in local or regional plans, policies, regulations or by the CDFG or USFWS; 

3) Have a substantial adverse effect on federally protected wetlands (as defined by Section 404 of 
the Clean Water Act) or state protected wetlands, through direct removal, filling, hydrological 
interruption, or other means; 

4) Interfere substantially with the movement of any native resident or migratory fish or wildlife 
species or with established native resident or migratory wildlife corridors, or impede the use of 
native wildlife nursery sites; 

5) Fundamentally conflict with any applicable habitat conservation plan or natural community 
conservation plan; 

6) Fundamentally conflict with the City of Oakland Tree Preservation and Removal Ordinance 
(OMC Chapter 12.36) by removal of protected trees under certain circumstances. Factors to be 



 
 
L S A  A S S O C I A T E S ,  I N C .  M E A S U R E  D D  I M P L E M E N T A T I O N  P R O J E C T  E I R  
J U L Y  2 0 0 7  I V .  S E T T I N G ,  I M P A C T S ,  A N D  M I T I G A T I O N  M E A S U R E S  
 F .  B I O L O G I C A L  R E S O U R C E S  

 

P:\RAJ0606\PRODUCTS\DEIR\Public\4f-BioResources4.doc  (7/19/2007 )PUBLIC REVIEW DRAFT 211 

considered in determining significance include: the number, type, size, location and condition of 
(a) the protected trees to be removed and/or impacted by construction and (b) the protected trees 
to remain, with special consideration given to native trees.33 

Protected trees include the following: 

Coast live oak measuring 4 inches dbh or larger, and any other tree measuring 9 inches dbh or 
larger except eucalyptus and Monterey pine; however, Monterey pine trees on City property 
and in development-related situations where more than five Monterey pine trees per acre are 
proposed to be removed are considered to be protected trees; or 

7) Fundamentally conflict with the City of Oakland Creek Protection Ordinance (OMC Chapter 
13.16) intended to protect biological resources. Although there are no specific, 
numeric/quantitative criteria to assess impacts, factors to be considered in determining 
significance include whether there is substantial degradation of riparian and aquatic habitat 
through: (a) discharging a substantial amount of pollutants into a creek; (b) significantly 
modifying the natural flow of the water; (c) depositing substantial amounts of new material into a 
creek or causing substantial bank erosion or instability; or (d) adversely impacting the riparian 
corridor by significantly altering vegetation or wildlife habitat. 

 
The level of impact to biological resources is discussed in the following section and summarized in 
Table IV.F-2. Many of the potential impacts will be reduced to a less-than-significant level through 
implementation of the City’s Standard Conditions of Approval (see above), which are included as part 
of the project. 
 
b. Impacts Applicable to All Project Groups. Several of the impacts to biological resources that 
may result from the implementation of Measure DD would essentially be the same for each or most of 
the four project groups. These impacts are defined below for each criterion of significance listed 
above. Where applicable, the City’s specific Standard Conditions of Approval that will reduce 
potential impacts to a less-than-significant level are identified in the text after the discussion of the 
impact. 
 

(1) Candidate, Sensitive, or Special-status Species. The only special-status species 
potentially occurring within all component groups is Cooper’s hawk, a California Species of Special 
Concern. The numerous tall trees throughout the Measure DD Implementation Project area provide 
nesting habitat for a variety of native bird species, potentially including Cooper’s hawk. In addition, 
some of the creek restoration sites in the upper Oakland watershed may contain suitable nest trees for 
sharp-shinned hawk. Both these species are California Species of Special Concern. Proposed tree 
removal within the Lake Merritt and the Lake Merritt Channel group area and potential tree removal 
within other group sites could directly impact nesting Cooper’s and sharp-shinned hawks by 
removing trees that support active nests. Prolonged loud construction noise could also disturb nesting 
birds, resulting in nesting failure and/or nest abandonment. 
 
 
 
                                                      

33 Oakland Planning Code section 17.158.280E2 states that “Development related”  tree removal permits are 
exempt from CEQA if no single tree to be removed has a dbh of 36 inches or greater and the cumulative trunk area of all 
trees to be removed does not exceed 0.1 percent of  the total lot area. 
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Table IV.F-2: Summary of Potential Impacts – Biological Resources 
 Project Groupa 

 
Would the Project: 

Group 1
Lake 

Merritt 

Group 2 
Waterfront 

Trail 

Group 3 
Recreational 

Facilities 

Group 4 
City-wide 

Creeks 
1.  Adversely affect a candidate, sensitive or special-status 

species? 
  

BIO-1 
BIO-2 

 
 

 
 

2.  Adversely affect riparian habitat of other sensitive natural 
community? 

== == ==  
 

3.  Adversely affect federally or state protected wetlands?  
BIO-3 

 
BIO-3 

==  
BIO-3 

4.  Interfere with a migratory wildlife corridor or wildlife nursery 
site? 

 
BIO-4 

   

5.  Conflict with any applicable habitat conservation plan or 
natural community conservation plan? 

== == == == 

6.  Conflict with the City of Oakland Tree Preservation and 
Removal Ordinance? 

    

7.  Conflict with the City of Oakland Creek Protection 
Ordinance? 

  ==  

a The Lake Merritt and Waterfront Trail groups are analyzed at the project level. The Recreational Facilities and City-wide 
Creeks groups are analyzed at the program level. The level of impact and the proposed mitigation measure, if any, are 
identified as follows: 

== No impact 
 Less-than-Significant or Less-than-Significant with Standard Conditions of Approval 
 Reduced to Less-than-Significant after recommended mitigation 
 Significant 

NA Not Applicable 
BIO-1, etc. identifies the mitigation measure, if any, that addresses the impact and reduces it to a level that is less than 

significant. 
 

Source: LSA Associates, 2007 
 
 
Implementation of the City’s Standard Conditions of Approval (Condition 32) will reduce potential 
impacts to nesting Cooper’s and sharp-shinned hawks to a less-than-significant level. The pre-
construction survey shall be conducted within 15 days prior to the start of work from March 15 
though May (since there is higher potential for birds to initiate nesting during this period), and within 
30 days prior to the start of work from June through August 15. 

 
(2) Riparian Habitat. No riparian habitat or other sensitive natural communities are present 

at the Lake Merritt and Lake Merritt Channel or Recreational Facilities groups. A small area of 
pickleweed wetland, considered a sensitive natural community by the CDFG, is present on the 66th 
Avenue Gateway site within the Waterfront Trail group, but will not be affected by any proposed 
project activities. Potential impacts to wildlife that may use this plant community are discussed in 
Section IV.F2c. The only project group that may result in direct impacts to riparian habitat or other 
sensitive natural communities is the City-wide Creeks group. This potential impact is discussed in 
Section IV.F2c.  
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(3) Wetlands. Waters of the U.S. and State are present on or adjacent to several components 
within the Lake Merritt and the Lake Merritt Channel, Waterfront Trail, and City-wide Creeks 
groups. Since no such features are present within the two components of the Recreational Facilities 
group, this potential impact is discussed in Section IV.F2c. 

 
(4) Native Resident or Migratory Wildlife Movement, Wildlife Corridors, or Nursery 

Sites. Suitable nesting habitat for native bird species protected by the federal Migratory Bird Treaty 
Act (MBTA) and California Fish and Game Code is present within all of the project group areas. 
Additional impacts unique to the Lake Merritt Channel are discussed in Section IV.F2c. 
 
Most existing vegetation and some un-vegetated areas within the project area have at least some 
potential to support breeding activities by native birds protected under the MBTA and California Fish 
and Game Code. Proposed removal of trees and other vegetation at Lake Merritt and the Lake Merritt 
Channel and potential vegetation removal for other project components (e.g., grading, clearing, and 
grubbing of existing landscaped areas at creek restoration sites) could directly impact nesting birds by 
removing vegetation that contains active nests. In addition, species that nest in un-vegetated areas 
(i.e., killdeer) may be vulnerable to construction activities (e.g., grading, site demolition, equipment 
traffic). Implementation of the City’s Standard Conditions of Approval (Condition 32) will reduce 
potential impacts to nesting birds to a less-than-significant level.  
 

(5) Regional Conservation Plans. The areas covered by the Measure DD Implementation 
Project are not currently subject to any adopted habitat conservation plans or natural community 
conservation plans. 

 
(6) Protected Trees. Based on current plans, the Lake Merritt and Lake Merritt Channel 

group proposes to remove a number of protected trees. Protected trees might also be removed as part 
of the Waterfront Trail, Recreational Facilities, and City-wide Creeks groups. This impact is 
discussed in Section IV.F2c.   

 
(7) Creek Protection Ordinance. Project components within the Lake Merritt and Lake 

Merritt Channel and City-wide Creeks groups are subject to the City’s Creek Protection Ordinance. In 
addition, some creeks (e.g., Sausal Creek) discharge to the Oakland Harbor Channel within or 
adjacent to the Waterfront Trail group study area. No creeks are located on or adjacent to the site of 
the proposed Recreational Facilities group. This impact is discussed in Section IV.F2c.   
 
c. Impacts and Mitigation Measures Unique to Specific Project Components. This section 
describes potential impacts that are unique to individual project components.  
 

(1) Candidate, Sensitive, or Special-status Species. Potential site-specific impacts to 
special-status species are discussed below. 
 
Western leatherwood and most beautiful jewel-flower, CNPS List 1B species, and Presidio clarkia, a 
State- and federally listed species as well as a CNPS List 1B species, are known to occur in the 
Oakland watershed, and suitable habitat (particularly mixed evergreen forest for western leatherwood, 
and serpentine for Presidio clarkia and most beautiful jewel-flower) may be present at some of the 
proposed creek restoration sites. Potential restoration activities that may impact these species include 
grading, clearing, and grubbing of landscaped areas, as well as tree pruning and removal. Surveys of 
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existing habitat and vegetation would be conducted during the design phase and would identify 
special-status plants that require protection during restoration activities and that would be 
incorporated into the restored site design. Other native species would be incorporated into the design 
to the extent feasible. Implementation of the City’s Standard Conditions of Approval (Conditions 35, 
70 and 72) will further ensure that any special-status plant species found at creek restoration sites will 
be fully protected during project activities, reducing any potential impacts to a less-than-significant 
level. 
 
Pacific pond turtles, a California Species of Special Concern, are known to occur in the Oakland 
watershed and suitable habitat may be present at some of the creek restoration sites, depending on 
their level of disturbance. In-stream restoration activities (e.g., creek bed grading, creek realignment, 
in-stream improvements) may result in direct mortality of Pacific pond turtles if present. 
Implementation of the City’s Standard Conditions of Approval (Condition 73) and approval of all 
relocation plans and involved biologists by the CDFG will reduce potential impacts to Pacific pond 
turtles to a less-than-significant level.  
 
Impact BIO-1 (Group 2): Construction of an observation structure at the 66th Avenue Gateway 
site may impact state or federally listed tidal marsh species. (S) 
 
Suitable habitat for California black rail, California clapper rail, and salt marsh harvest mouse 
(SMHM) is present in Damon Marsh adjacent to the 66th Avenue Gateway site. Construction would 
not extend into existing marsh habitat. A fenced buffer of upland habitat at least 20 feet wide would 
be set up between marsh habitat and any nearby construction areas. Nevertheless, these species are 
known to use grasslands and other dense vegetation adjacent to marshes as escape cover during very 
high tides. As such, there is a small chance that they may occur within the construction footprint 
during very high tides, if present in Damon Marsh. In addition, construction noise could potentially 
disturb nesting tidal marsh rails since suitable habitat is present within 100 feet of the construction 
footprint.34   
 

Mitigation Measure BIO-1a (Group 2): Ground disturbance in the vicinity of Damon Marsh 
shall be conducted only when high tides are not at their winter or summer extremes, to reduce 
the likelihood that tidal marsh rails and SMHM will be present in the construction footprint. 
Ground disturbance shall be avoided during the highest tides of June–July and December–
January (± one week each month). (LTS)  

 
Mitigation Measure BIO-1b (Group 2): Prior to ground disturbance, a qualified biologist 
experienced with SMHM exclusion procedures shall prepare a site-specific SMHM 
avoidance plan. At a minimum, the plan shall include (1) the installation of silt fencing 
around the entire portion of the work area (that is within 100 feet from the edge of the marsh) 
to exclude SMHM from entering, (2) the clearing of all ground vegetation within the fenced 
area, and (3) the relocation to Damon Marsh of any SMHM found during the vegetation 
removal effort. Construction work shall start as soon as possible (and no longer than one 
week) after vegetation has been cleared. All exclusion measures and initial ground 

                                                      
34 This proposed project component has been designed and the City is currently requesting bids to construct it. 

Mitigation included in this environmental document has been incorporated into the bid documents. 
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disturbance activities shall be monitored by a biologist, who has the necessary state and 
federal permits to handle and relocate SMHM. (LTS) 

 
Mitigation Measure BIO-1c (Group 2): To avoid potential disturbance to nesting tidal marsh 
rails, construction of the observation structure shall be conducted during the non-breeding 
season (September 1 through January 31), unless prior surveys indicate that marsh habitat 
within 100 feet of the construction footprint is not part of an active rail breeding territory. 
Such surveys must be conducted in accordance with a project-specific survey protocol 
prepared in accordance with the USFWS and CDFG guidelines. (LTS) 

 
Impact BIO-2 (Group 2): Construction of the pile-supported boardwalks along the Waterfront 
Trail may impact fisheries resources within the Oakland Inner Harbor. (S) 
 
Construction of the proposed boardwalks under the bridges at Park Street, Fruitvale Avenue, and 
High Street has the potential to impact fisheries resources within the Oakland Inner Harbor. 
Specifically, pile driving activities could directly impact Pacific herring and migrating salmonids, as 
well as other native San Francisco Bay fish species protected under the Magnuson-Stevens Act (i.e., 
Essential Fish Habitat [EFH]). Pile driving can generate intense underwater sound pressure waves 
that may injure and kill fish.35 
 

Mitigation Measure BIO-2 (Group 2): To avoid adverse impacts to Pacific herring, federally 
listed salmonids (chinook salmon, coho salmon, and steelhead), and EFH, pile driving shall 
occur within the June 1 to November 30 work window in accordance with NMFS 
guidelines.36 Any pile driving occurring outside this period will require informal or formal 
consultation with the NMFS (for listed salmonids and EFH) and CDFG (for Pacific herring) 
prior to the Corps’ issuance of a Section 404 permit for impacts to waters of the U.S. (LTS) 

 
(2) Riparian Habitat. Although the proposed creek restoration activities will ultimately 

result in improved and increased riparian habitat throughout the Oakland watershed, short-term 
impacts may include removal and/or pruning of existing native riparian trees and shrubs. 
 
Due to the programmatic level at which the City-wide Creeks project group is being evaluated, the 
number of existing riparian trees and/or shrubs that would be removed is unknown. However, it is 
anticipated that removal of some riparian vegetation would be necessary at some sites to 
accommodate re-grading of creek channels, bank stabilization, to allow for re-vegetation with native 
vegetation and other activities. Implementation of the City’s Standard Conditions of Approval 
(Conditions 34, 69, 70, and 72) will reduce potential impacts to riparian habitat to a less-than-
significant level.  
 

(3) Wetlands. Most components within the Lake Merritt and Lake Merritt Channel group 
(i.e., 12th Street Reconstruction, Lakeshore Avenue/El Embarcadero, E. 18th Street Pier Overlook, 

                                                      
35 Hanson, J., M. Helvey, and R. Strach, editors. 2003. Non-fishing Impacts to Essential Fish Habitat and 

Recommended Conservation Measures. National Marine Fisheries Service, Alaska Region, Northwest Region, Southwest 
Region. August. 

36 National Marine Fisheries Service (NMFS). San Francisco Bay Project Impact Evaluation System (PIES) website. 
<http://mapping.orr.noaa.gov/website/portal/pies/faqs.html> Accessed April 12, 2007. 
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Municipal Boathouse) have already obtained the proper regulatory permits (e.g., Corps permit, Water 
Board water quality certification, CDFG Lake or Streambed Alteration Agreement) for actions within 
or adjacent to waters of the U.S. and State. Proposed activities within the Waterfront Trail and City-
wide Creeks groups have yet to obtain permits for potential impacts to waters of the U.S. and State, or 
BCDC approval, since planning has not yet been completed for these groups. 
 
Impact BIO-3 (Groups 1, 2, and 4): Construction of some components within the Lake Merritt 
and Lake Merritt Channel, Waterfront Trail, and City-wide Creeks groups may impact waters 
of the U.S. and State. (S)   
 
The proposed fixed pier boardwalks at Park Street, Fruitvale Avenue, and High Street along the 
Waterfront Trail would involve the square-drilling or driving of concrete piers within waters of the 
Oakland Inner Harbor, which is under the jurisdiction of the Corps, Water Board, and BCDC as 
waters of the U.S. and State. In addition, proposed restoration activities within the Oakland watershed 
would likely result in temporary, short-term impacts to waters of the U.S. and State. 
 

Mitigation Measure BIO-3a (Groups 1, 2, and 4): All Measure DD-funded activities within 
jurisdictional waters shall first obtain authorization from the appropriate agencies (Corps, 
Water Board, CDFG, and BCDC). At a minimum, each activity will likely require a Section 
404 Corps permit and Section 401 water quality certification from the Water Board. Creek 
restoration activities may also require a CDFG Lake or Streambed Alteration Agreement, 
depending on site-specific conditions. Construction of the fixed pier boardwalks along the 
Waterfront Trail will require BCDC approval since it proposes construction over and filling 
of Bay waters (i.e., concrete piers). (LTS) 
 
Mitigation Measure BIO-3b (Groups 1, 2, and 4): Impacts to jurisdictional wetlands shall be 
mitigated at a minimum replacement ratio of 1:1 (i.e., one acre created [and preserved] for 
every acre impacted). If feasible, replacement habitat shall be created/preserved in the same 
general area as the original impact. Off-site mitigation may be approved if the amount of 
required replacement habitat exceeds that which is available near a given impact site. A 
wetland mitigation and monitoring plan (MMP) shall be developed for each mitigation site, 
detailing the mitigation design, wetland planting design, adaptive management, maintenance 
and monitoring requirements, reporting requirements, and success criteria for the created 
wetland(s). (LTS) 

 
(4) Native Resident or Migratory Wildlife Movement, Wildlife Corridors, or Nursery 

Sites. Several species of migratory waterbirds have been observed using the Lake Merritt Channel 
during the winter (approximately October through March), often in flocks of 40 to 70 birds (e.g., 
scaup, common goldeneye). A 2004 study of waterbird use and disturbance response within 
Berkeley’s Aquatic Park found that disturbance sensitivity was positively related to flock size, with 
large flocks flushing more readily than smaller ones.37 Although no such studies have been conducted 
at the Lake Merritt Channel, LSA observed a flock of approximately 50 common goldeneyes 
swimming away from a group of schoolchildren crossing the pedestrian bridge during the January 19 
site visit, indicating sensitivity to disturbance. Human-caused disturbance negatively affects wintering 
ducks by causing the expenditure of energy (i.e., flying or moving away from the source of 
                                                      

37 Avocet Research Associates. 2005. Aquatic Park, Berkeley, California: Waterbird Population and Disturbance 
Study, 2004. Prepared for the City of Berkeley, California. May 12. 41 pp. 
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disturbance) that would otherwise be used for behaviors necessary for survival, such as resting or 
feeding.38  Repeated or periodic disturbance would cause a greater expenditure of energy and thus 
have a greater effect on wintering birds than singular events.  
 
Both construction activities and future recreational use of the Channel have the potential to disturb 
wintering waterfowl. Although most construction would occur outside of the wintering period during 
April through September, some may be conducted during the period when waterbirds are most 
abundant (approximately October through March). Construction activities at the Lake Merritt 
Channel (e.g., grading, demolition of existing culverts, tree removal) during this time would disturb 
waterbirds by causing them to fly away from loud noises and/or workers and equipment. However, 
because construction would occur nearly daily, except weekends, for several months the birds would 
likely relocate to nearby areas on Lake Merritt or the Oakland Estuary during this time rather than 
returning to the disturbed area. This temporary displacement of birds to nearby suitable habitat areas 
would be a less-than-significant impact. 
 
Impact BIO-4 (Group 1): The introduction of small boat traffic to the Lake Merritt Channel 
would result in increased disturbance levels to wintering migratory ducks and other 
waterbirds. (S) 
 
As discussed above, wintering ducks are sensitive to a variety of human-caused disturbances, 
including both motorized and non-motorized boat traffic. Based on a review of several thousand 
scientific journal articles and books, Korschgen and Dahlgren39 identified four categories of human 
disturbance to ducks. The second-most disruptive category was defined as over-water movement with 
little noise (sailing, wind surfing, rowing, and canoeing). If kayaks, rowboats, and other such vessels 
were allowed to use the Lake Merritt Channel during the wintering period (October–March), they 
would create a new source of disturbance to wintering ducks and other waterbirds in the channel. 
Because disturbance of waterbirds by recreational users could happen multiple times each day the 
birds are likely to experience frequent episodes of hazing. Many of the birds would likely relocate to 
nearby areas on Lake Merritt or the Oakland Estuary, rather than returning to Lake Merritt Channel, 
thus greatly reducing the average number of waterbirds using Lake Merritt Channel. In addition, the 
potential disturbance would continue for the life of the project. Therefore, this impact would be 
significant. 
 

Mitigation Measure BIO-4 (Group 1): Small boat use of the Lake Merritt Channel shall be 
restricted to the non-wintering period of April–September, when waterbird abundance is low. 
During the closure period, booms shall be placed across the outlet to the Channel from Lake 
Merritt and at the 7th Street dam to prevent boat access and signs shall be posted indicating 
that the Channel is closed to recreational users. This would reduce the impact to a less-than-
significant level. (LTS)     
 

(5) Regional Conservation Plans. The area covered by the Measure DD Implementation 
Project is not currently subject to any adopted habitat conservation plans or natural community 
conservation plans. 
                                                      

38 Korschgen, C. E., and R. B. Dahlgren. 1992. Human disturbances of waterfowl: causes, effects, and management. 
Fish and Wildlife Leaflet 13.2.15. 

39 Op. Cit. 
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(6) Protected Trees. In order to create additional parkland along the south shore of Lake 

Merritt and make other improvements around the Lake, approximately 259 trees, including 129 
protected trees, would be removed and 521 new trees and other landscaping would be installed to 
replace them. Approximately 510 existing trees would be retained. Overall, the trees would be 
replaced at about a 2:1 ratio, that is, two trees would be planted for each tree removed. Table IV.F-3 
summarizes proposed tree removals and new plantings by project component within the Lake Merritt 
and Lake Merritt Channel project group. As part of the project design process the City engaged a 
certified arborist to evaluate the trees proposed for removal in this group. The arborist recommended 
preserving five trees by redesigning the project or by relocating some of the trees. The City has 
incorporated these recommendations into the project and the numbers in Table IV.F-3 reflect the 
preservation of these trees. The arborist’s report is provided in Appendix I. 
 
Table IV.F-3: Proposed Tree Removals for the Lake Merritt and Lake Merritt Channel 
Project Group  

Project Component 
Trees to be 
Retaineda 

Trees 
Proposed for 

Removal 

Protected 
Trees 

Proposed for 
Removal 

New Trees 
to be 

Planted 

Ratio of Trees 
Planted to 

Trees 
Removed 

Lakeside Drive/Municipal 
Boathouse 

30 20 17 65 3.25 

Lakeshore Avenue/El Embarcadero 90 24 6 135 5.4 
12th Street Reconstruction 50 157 90 321 2.0 
Lake Merritt Channel 340 58 16 0b 0 

TOTAL 510 259 129c 521 2.0 
a Numbers of trees are approximate. Totals include trees recommended for preservation or relocation by the certified 
arborist. 
b No new trees would be planted along the Channel because the habitat type would be converted from landscaped urban 
parkland to wetlands and open water. 
c Includes eight protected oak trees. 
Source: HortScience, 2007. 
 
 
The City of Oakland’s Tree Preservation and Removal Ordinance (OMC Chapter 12.36) requires a 
permit for removal of protected trees. A permit is also required if work might damage or destroy 
protected trees. The project would comply with the Tree Preservation and Removal Ordinance and 
would obtain permits for the removal of any protected trees. In addition, the City considers other 
factors in determining significance for purposes of CEQA including: the number, type, size, location 
and condition of the protected trees to be removed and/or impacted by construction and the protected 
trees to remain, with special consideration given to native trees, as discussed below. 
 
The majority of protected trees to be removed are located in the 12th Street reconstruction area. 
Although protected trees are present in this area many of the trees are in poor or fair condition (see 
Appendix I); are in the landscaped median strip for 12th Street that is accessible only via rarely used 
pedestrian underpasses; or are in small planting strips within the parking lot for the Kaiser 
Convention Center (see Figure III-3). Most of the trees are non-native ornamental species. When the 
project components around Lake Merritt are looked at as a whole, about twice as many trees are 
retained in the project area as would be removed and approximately two trees would be planted for 
each tree removed. The new trees in the 12th Street reconstruction area would be part of proposed 
landscaped areas that would have direct pedestrian access to Lake Merritt and surrounding civic 
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buildings. The four components of Group 1 (Lakeside Drive/Municipal Boathouse, Lakeshore 
Avenue/El Embarcadero, and Lake Merritt Channel) either retain more trees than they would remove  
and/or plant at least twice as many new trees as would be removed (Lakeside Drive/Municipal 
Boathouse, Lakeshore Avenue/El Embarcadero, and 12th Street Reconstruction). Eight trees to be 
removed are protected native oak trees. 
 
The project would not fundamentally conflict with the City of Oakland’s Tree Preservation and 
Removal Ordinance and would therefore be a less-than-significant impact for the following reasons: 
approximately twice as many trees would be retained as would be removed; removed trees would be 
replaced at a 2:1 ratio; the majority of trees to be removed are in poor or fair condition; and many are 
located in a parking lot or an inaccessible median strip. In addition, because trees are being replaced 
at a 2:1 ratio many benefits lost by the removal of trees, such as aesthetics, energy conservation, 
reductions in stormwater runoff, improvements in air quality, and capture of carbon dioxide (a 
greenhouse gas) would be compensated for in a few years because of the large number of new trees 
being planted. The impacts of removing trees and the benefits of planting new trees in the Lake 
Merritt and Lake Merritt Channel group were estimated quantitatively using a computer application 
developed by scientists at the United States Department of Agriculture (USDA) Forest Service's 
Pacific Southwest Research Station to assess populations of street trees.40 The results of this study are 
provided in Appendix I. Because the City would comply with the Tree Preservation and Removal 
Ordinance, the Lake Merritt and Lake Merritt Channel project components would have a less-than-
significant impact. To reach this conclusion, the City considered the number, type, size, location and 
condition of the protected trees to be removed and/or impacted by construction and the protected trees 
to remain, including native trees. 
 
A small number of protected trees may require removal as part of the Waterfront Trail, Recreational 
Facilities, City-wide Creeks groups or other components of the Lake Merritt group (e.g., the 
Cleveland Cascade). The trees would be replaced in accordance with the City’s Tree Protection 
Ordinance and Standard Conditions of Approval (Condition 32), which would reduce the impact to a 
less-than-significant level.  
 

(7) Creek Protection Ordinance. Some proposed project components within the Lake 
Merritt and Lake Merritt Channel, City-wide Creeks and Waterfront Trail groups would be subject to 
the City’s Creek Protection Ordinance. These project components would comply with the 
requirements of the Creek Protection Ordinance and would be constructed in accordance with a Creek 
Protection Permit issued by the City. Creek Protection Permits have already been obtained for the 
Lakeshore Avenue/El Embarcadero and East 18th Street Pier Overlook project components, for 
example.  

 
Proposed project activities for creek sites range from manual activities such as hand planting, tree 
pruning or weed abatement, which would have no or minimal impacts, to activities that use heavy 
machinery such as creek bed or bank grading, culvert or concrete channel alterations, and creek 
realignment, as noted in Section III.C.4 of the Project Description. No mitigation is needed for 
manual activities with minimal impacts. For those activities that involve heavy machinery or 
equipment to excavate or move soil, to demolish structures, or to realign stream banks or waterways, 

                                                      
40 USDA Forest Service. http://www.itreetools.org/street_trees/introduction_step1.shtm.  
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the City’s Standard Conditions of Approval (Conditions 69 through 73) would ensure compliance 
with the Creek Protection Ordinance and reduce impacts to a less-than-significant level.  
 
Creek Protection Permits will include requirements to minimize erosion and sedimentation in 
accordance with the Manual of Standards for Erosion and Sediment Control Measures, 41 as well as 
the mitigation measures described in Section IV.F.2.b, above (as applicable). In addition, Creek 
Protection Permits will require the preparation and implementation of a Stormwater Pollution 
Prevention Plan (SWPPP) and C3 requirements pursuant to Water Board requirements. With the 
incorporation of these requirements into project approvals, proposed project components would have 
a less-than-significant impact on City creeks or other areas subject to the Creek Protection Ordinance. 

                                                      
41 Association of Bay Area Governments. 1995. Manual of Standards for Erosion and Sediment Control Measures. 

Second edition. Association of Bay Area Governments, Oakland, California. 422 pp. 
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PLUMBING FIXTURES AND FIXTURE FITTINGS

2010 CALIFORNIA PLUMBING CODE

TYPE OF BUILDING2

OR OCCUPANCY
WATER CLOSETS14

(FIXTURES PER PERSON)
URINALS5, 10

(FIXTURES PER PERSON)
LAVATORIES

(FIXTURES PER PERSON)
BATHTUBS OR
SHOWERS

(FIXTURES PER
PERSON)

DRINKING FOUN-
TAINS3, 13, 17

(FIXTURES PER
PERSON)

Hospitals
Individual room
Ward room

1 per room
1 per 8 patients

1 per room
1 per 10 patients

1 per room
1 per 20 patients

1 per 15012

Industrial6 ware-
houses, workshops,
foundries, and simi-
lar establishments –
for employee use

Male Female
1: 1-10 1: 1-10
2: 11-25 2: 11-25
3: 26-50 3: 26-50
4: 51-75 4: 51-75
5: 76-100 5: 76-100
Over 100, add 1 fixture for
each additional 30 persons.

Up to 100, 1 per 10 per-
sons

Over 100, 1 per 15 per-
sons7, 8

1 shower for each
15 persons ex-
posed to exces-
sive heat or to
skin contamina-
tion with poison-
ous, infectious, or
irritating material

1 per 15012

Institutional – other
than hospitals or
penal institutions
(on each occupied
floor)

Male Female
1 per 25 1 per 20

Male
0: 1-9
1: 10-50
Add one fixture for each
additional 50 males.

Male Female
1 per 10 1 per 10

1 per 8 1 per 15012

Institutional – other
than hospitals or
penal institutions
(on each occupied
floor) – for em-
ployee use

Male Female
1: 1-15 1: 1-15
2: 16-35 3: 16-35
3: 36-55 4: 36-55
Over 55, add 1 fixture for
each additional 40 persons.

Male
0: 1-9
1: 10-50
Add one fixture for each
additional 50 males.

Male Female
1 per 40 1 per 40

1 per 8 1 per 15012

Office or public
buildings

Male Female
1: 1-100 3: 1-50
2: 101-200 4: 51-100
3: 201-400 8: 101-200

11: 201-400
Over 400, add one fixture
for each additional 500
males and 1 for each addi-
tional 150 females.

Male
1: 1-100
2: 101-200
3: 201-400
4: 401-600
Over 600, add 1 fixture
for each additional 300
males.

Male Female
1: 1-200 1: 1-200
2: 201-400 2: 201-400
3: 401-750 3: 401-750
Over 750, add one fixture
for each additional 500
persons.

1 per 15012

Office or public
buildings – for em-
ployee use

Male Female
1: 1-15 1: 1-15
2: 16-35 3: 16-35
3: 36-55 4: 36-55
Over 55, add 1 fixture for
each additional 40 persons.

Male
0: 1-9
1: 10-50
Add one fixture for each
additional 50 males.

Male Female
1 per 40 1 per 40

Penal institutions –
for employee use

Male Female
1: 1-15 1: 1-15
2: 16-35 3: 16-35
3: 36-55 4: 36-55
Over 55, add 1 fixture for
each additional 40 persons.

Male
0: 1-9
1: 10-50
Add one fixture for each
additional 50 males.

Male Female
1 per 40 1 per 40

1 per 15012

Penal institutions –
for prison use

Cell
Exercise room
Exercise Area

1 per cell
1 per exercise room
1 per 20

Male
1 per exercise room

1 per cell
1 per exercise room
1 per 20

1 per 16

1 per cell block
floor
1 per exercise
room
Access to drinking
fountain

Agriculture Build-
ings
Milking Barns
Meat and Poultry
Inspection Bldgs

At least 1
Male Female
1: 1-15 1: 1-15
2: 16-35 2: 16-35
3: 36-55 3: 36-55
4: 56-80 4: 56-80
1 for each additional 30
persons in excess of 80

At least 1

Schools of Cosme-
tology

Male Female
*At least 1 *At least 2
*Per installation

At least 1

Cosmetological
Establishments

*At least 1 *At least 1
*Per installation
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Table 4-2: Incidence of Appliances/Fixtures in Single-Family Homes 

Appliances/Fixtures 
Percent of Homes with at 

Least One Appliance/Fixture 
Toilets with design flush volumes of 1.6 gallons per flush (gpf) 37 
Toilets with design flush volumes of 3.5 gpf 25 
Toilets with design flush volumes of 5-plus gpf 20 
Toilets with unknown design volume 36 
Toilets with measured flush volumes of 1.6 gallons or less 32 
Toilets with measured flush volumes between 1.61 and 3.5 gallons 74 
Toilets with measured flush volumes over 3.5 gallons 20 
Toilets where flush volumes could not be measured 4 
Toilets with conservation devices 20 
Toilets with leaks 4 
Showerheads with flow rates 2.5 gallons per minute (gpm) or less 76 
Showerheads with flow rates between 2.51 and 5.0 gpm 35 
Showerheads with flow rates over 5 gpm 3 
Showerheads with shutoff button 16 
Showerheads with leaks 34 
Bathtubs 95 
Bathtubs with Jacuzzi/spa 4 
Faucets with flow rates of 2 gpm or less 82 
Faucets with flow rates between 2.01 and 2.99 gpm 52 
Faucets with flow rates between 3 and 3.99 gpm 30 
Faucets with flow rates of 4 gpm or more 29 
Faucets with aerators 94 
Leaky faucets 7 
Dishwashers 63 
Dishwashers with efficiency setting 54 
Clothes washers 89 
High-efficiency clothes washers 11 
Recirculating hot water 4 
Refrigerators with built-in water dispensers 26 
Refrigerators with built-in ice-makers 41 
Water softener 0.5 
Point-source water heaters 8 
Water purification units 17 
Evaporative coolers 2 
Pressure regulators 14 
Swimming pool 10 
Outdoor spa/Jacuzzi 12 
Fountains/ponds 7 
Gray water system 1 
Well water 2 

 



E a s t  B a y  M u n i c i p a l  U t i l i t y  D i s t r i c t  -  W a t e r  C o n s e r v a t i o n  M a r k e t  P e n e t r a t i o n  S t u d y  

Revised March 2002 7-8 ANALYSIS AND CONCLUSIONS 

 
The base number of toilets was 
calculated by starting with the known 
number of accounts in the year 2000 
and working back to 1991. The 
number of toilets per single-family 
home and multi-family housing unit 
were assumed to be the same in 1991 
as they were in 1994.  

The figures used to calculate the total 
rate of replacement for toilets in the 
single-family sector are presented in 
Table 7-3. A substantial number of 

ULFTs were determined to be in 
place at the end of 1991, based on 
data from this study. The 2001 
database was queried for the number 
of ultra-low flush toilets with 
manufacture date before 1991, and 
toilets with unknown rating, 
measured flush volumes of 1.6 gpf or 
lower, and no inserts; 5.8% of the 
toilets in place in 1991 met these 
specifications. 

 
 
 
Table 7-3: Figures Used to Calculate Total Rate of Replacement for Single-Family Toilets 

Year 

Number of 
Single-Family 
Accounts 

Number of 
Toilets per 
Account 

Total 
Toilets 

Percent of 
Ultra-Low  

Flush Toilets 
Number of Ultra-
Low Flush Toilets 

Number of Toilets 
Rated at 3.5 gpf 

and Higher 

1991 266,618 2.0 533,236 5.8 30,928 502,308 
1994 273,312 2.0 546,624 10.0 54,662 491,962 
2001 289,593 2.1 608,145 34.0 206,769 401,376 

 
 
The assumed number of accounts 
and toilets per account yield a total of 
533,236 single-family toilets in place 
at the end of 1991. Almost 6% of 
these toilets (30,928/533,236) are 
ULFTs.  The other 502,308 toilets 
represent the total non-ULFTs 
available for replacement.  

The number of ULFTs increased to 
206,769 by 2001. This number 
includes the initial 30,928 toilets 
increased by the replacement of 
100,932 (502,308-401,376) non-
ULFTs and the installation of 74,909 
(608,145-533,236) new toilets. 

Based on the assumptions outlined 
above, about one hundred thousand 
of the roughly half a million single-
family non-ULFTs have been 
replaced since the end of 1991, or 
about 20%. The average annual rate 
of replacement was under one 
percent for the three years between 
1991 and the baseline study, and went 
up to 2.08% for the period between 
1991 and 2001. 

The replacement rates calculated 
above are affected by the transition to 
mandatory ULFTs. Calculations 
assume that all new toilets installed 
after 1991 were ultra-low flush 
fixtures. Data from the 2001 survey, 
however, indicate otherwise: 27% of 
toilets installed in houses built after 
1991 were rated at 3.5 gpf (all of 
these non-ULFTs were installed in 
houses built between 1992 and 1994). 
This represents 20,225 toilets 
(0.27x[608,145-533,236]) that were 
initially added to the ranks of non-
ULFTs and increase the number of 
replacements. The replacement of 
121,157 (100,932+20,225) toilets 
between 1991 and 2001 represents an 
average annual replacement rate of 
2.5%. 

The replacement rate for single-
family toilets was verified by querying 
the 2001 database as to the 
percentage of ULFTs installed in 
houses built before 1992, all of which 
are likely to represent replacement 
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Water Savings from Ultra-Low Flush Toilet Installations: 4.64 mgd 

 
Water savings were calculated using 
data from the 2001 surveys and other 
sources. The following assumptions 
were made: 
• Installing ultra-low flush toilets in 

place of toilets with a higher 
rated flush volume will generate 
savings equivalent to the 
difference in the mean flush 
volumes. 

• A person flushes a toilet on the 
average 5.05 times a day 
(Residential End Uses of Water, 
AWWA Research Foundation, 
Page xxvii). 

• There are on the average 3 
occupants per single-family 
account (Appendix I of this 
report). 

• There are on the average 2.1 
toilets per single-family home 
(Table 4-3 of this report). 

• The number of occupants per 
apartment unit is estimated at 
2.25; this assumes 1.3 million 
people in the District’s service 
area and approximately 429,000 
of them in 190,700 apartment 
units.  

• The average number of toilets 
per multi-family housing unit is 
1.2 (Table 5-3 of this report). 

• There are an estimated 608,145 
single-family toilets in the 
District’s service area in 2001 
(Table 7-3 of this report). 

• There are an estimated 173,963 
multi-family toilets in apartment 
buildings with five or more units 
in the District’s service area in 
2001 (Table 7-4 of this report). 

 
 
Table 7-12: Potential Water Savings from Toilet Replacement 
 Type of Toilet Replaced with ULFT 

 
Single-Family 

3.5 gpf 
Single-Family 

>3.5 gpf 
Multi-Family 

3.5 gpf 
Multi-Family 
>3.5 gpf 

(1) Mean ULFT Flush Volume in Sector (gpf) 1.83 1.83 1.94 1.94 
(2) Mean Toilet Flush Volume (gpf) 2.80 3.32 2.94 3.42 
(3) Avg. Water Savings in Gallons per Flush (2)-(1) 0.97 1.49 1.00 1.48 
(4) Avg. Number of People per Dwelling 3.0 3.0 2.25 2.25 
(5) Avg. Number of Flushes per Person per Day 5.05 5.05 5.05 5.05 
(6) Total Flushes per Dwelling per Day (4)x(5) 15.15 15.15 11.36 11.36 
(7) Number of Toilets per Dwelling 2.1 2.1 1.2 1.2 
(8) Total Flushes per Toilet per Day (6)/(7) 7.2 7.2 9.5 9.5 
(9) Total Water Savings in Gallons per Toilet  
     per Day (3)x(8) 7.0 10.7 9.5 14.0 

(10) Total Number of Toilets in Sector in Year 2001 608,145 608,145 173,963 173,963 
(11) Percent of Replaceable Toilets (Figure 7-3) 38.4 27.6 41.8 21.2 
(12) Total Number of Replaceable Toilets (10)x(11) 233,528 167,848 72,717 36,880 
(13) Total Water Savings in MGD (9)x(12) 1.63 1.80 0.69 0.52 
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• 53 percent of washers or 11,444 

(21,593 x 0.53) machines are in 
common area laundries. Eighty-
six percent of them or 9,842 
washers are assumed to be of 
standard efficiency and available 
for replacement. 

• Properties with common area 
laundries have on the average 2.6 
washers per property (Table 5-10 
shows 611 common area washers 
in 233 properties). 

• Multi-family properties in the 
District’s service area have on the 
average 21.3 apartment units and 
2.25 people per unit, equivalent 
to about 48 tenants per property. 

• Water use in common area 
laundries is estimated at 0.1 
cycles per person per day, from 
Multi-Residential High Efficiency 
Clothes Washer Pilot Project in 
Metropolitan Toronto (Canada 
Mortgage & Housing 
Corporation, 2001). 

• Water savings per washer cycle 
are estimated at 14.8 gallons, 
based on the Canadian study 
cited above. 

• Multi-family residents with in-
unit washers use 3.9 times more 
water to do their laundry on site 
than their counterparts in 
buildings with common area 
laundries (according to A 
National Study of Laundry-Water 

Use in Multi-Housing, National 
Research Center, Inc., Boulder, 
Colorado, 2001). This is 
equivalent to 0.39 (0.1 x 3.9) 
cycles per person per day. 

 
Water savings from the replacement 
of in-unit washers with high 
efficiency appliances were calculated 
as follows: 
 
In-Unit Washer Water Savings=  
0.39 cycles per person per day x  
2.25 persons x  
14.8 gallons per cycle x  
10,149 washers=  
0.13 mgd 
 
Water savings from the replacement 
of standard efficiency common area 
washers with high efficiency 
appliances were calculated as follows: 
 
Laundry Washer Water Savings=  
(0.1 cycles per person per day x  
48 persons per property x  
14.8 gallons per cycle / 
2.6 washers per property) x  
9,842 washers =  
0.27 mgd 
 
The potential water savings from 
replacing all standard efficiency 
washers, therefore, is 3.6 mgd (3.2 
from the single-family sector and 0.4 
from multi-family properties).

 
 

Water Savings from Improved Irrigation Efficiency 
 

Survey data do not provide water 
consumption numbers that would 
allow the quantification of potential 
water savings. The surveys do 
provide valuable information on the 
breakdown of landscapable and 
irrigated areas and the use of various 
types of irrigation systems.  

Outdoor water use is prevalent on the 
east side of the District area only. The 
comparison of summer to winter 
water use (see Appendix B) shows 
that residents east of the hills average 
from 20% to 390% percent outdoor 
water use in summer months (ratios 
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 People QuickFacts

San Mateo

County California

Population, 2012 estimate NA 38,041,430

Population, 2011 estimate 727,209 37,683,933

Population, 2010 (April 1) estimates base 718,451 37,253,956

Population, percent change, April 1, 2010 to July 1, 2012 NA 2.1%

Population, percent change, April 1, 2010 to July 1, 2011 1.2% 1.2%

Population, 2010 718,451 37,253,956

Persons under 5 years, percent, 2011 6.4% 6.7%

Persons under 18 years, percent, 2011 22.1% 24.6%

Persons 65 years and over, percent, 2011 13.6% 11.7%

Female persons, percent, 2011 50.8% 50.3%
 

White persons, percent, 2011 (a) 64.4% 74.0%

Black persons, percent, 2011 (a) 3.2% 6.6%

American Indian and Alaska Native persons, percent, 2011
(a) 0.9% 1.7%

Asian persons, percent, 2011 (a) 25.8% 13.6%

Native Hawaiian and Other Pacific Islander persons,
percent, 2011 (a) 1.6% 0.5%

Persons reporting two or more races, percent, 2011 4.1% 3.6%

Persons of Hispanic or Latino Origin, percent, 2011 (b) 25.6% 38.1%

White persons not Hispanic, percent, 2011 41.9% 39.7%
 

Living in same house 1 year & over, percent, 2007-2011 87.1% 84.2%

Foreign born persons, percent, 2007-2011 34.1% 27.2%

Language other than English spoken at home, percent age
5+, 2007-2011 44.9% 43.2%

High school graduate or higher, percent of persons age
25+, 2007-2011 88.4% 80.8%

Bachelor's degree or higher, percent of persons age 25+,
2007-2011 43.9% 30.2%

Veterans, 2007-2011 34,680 1,997,566

Mean travel time to work (minutes), workers age 16+,
2007-2011 24.9 27.0

 
Housing units, 2011 271,333 13,720,462

Homeownership rate, 2007-2011 60.1% 56.7%

Housing units in multi-unit structures, percent, 2007-2011 32.6% 30.8%

Median value of owner-occupied housing units, 2007-2011 $763,100 $421,600

Households, 2007-2011 256,423 12,433,172

Persons per household, 2007-2011 2.74 2.91

Per capita money income in the past 12 months (2011
dollars), 2007-2011 $45,346 $29,634

Median household income, 2007-2011 $87,633 $61,632

Persons below poverty level, percent, 2007-2011 7.0% 14.4%
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 Business QuickFacts

San Mateo

County California

Private nonfarm establishments, 2010 19,669 849,8751

Private nonfarm employment, 2010 328,353 12,536,402
1

Private nonfarm employment, percent change, 2000-2010 -11.9 -2.7
1

Nonemployer establishments, 2010 59,988 2,814,409
 

Total number of firms, 2007 74,604 3,425,510

Black-owned firms, percent, 2007 1.6% 4.0%

American Indian- and Alaska Native-owned firms, percent,
2007 0.9% 1.3%

Asian-owned firms, percent, 2007 18.6% 14.9%

Native Hawaiian and Other Pacific Islander-owned firms,
percent, 2007 0.5% 0.3%

Hispanic-owned firms, percent, 2007 11.7% 16.5%

Women-owned firms, percent, 2007 29.9% 30.3%
 

Manufacturers shipments, 2007 ($1000) 17,918,237 491,372,092

Merchant wholesaler sales, 2007 ($1000) 12,607,786 598,456,486

Retail sales, 2007 ($1000) 10,198,837 455,032,270

Retail sales per capita, 2007 $14,625 $12,561

Accommodation and food services sales, 2007 ($1000) 2,107,180 80,852,787

Building permits, 2011 751 45,471
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San Mateo

County California

Land area in square miles, 2010 448.41 155,779.22

Persons per square mile, 2010 1,602.2 239.1

FIPS Code 081 06

Metropolitan or Micropolitan Statistical Area San
Francisco-

Oakland-
Fremont,

CA Metro
Area  

1: Includes data not distributed by county.

(a) Includes persons reporting only one race.
(b) Hispanics may be of any race, so also are included in applicable race categories.

D: Suppressed to avoid disclosure of confidential information
F: Fewer than 100 firms
FN: Footnote on this item for this area in place of data
NA: Not available
S: Suppressed; does not meet publication standards
X: Not applicable
Z: Value greater than zero but less than half unit of measure shown

Source U.S. Census Bureau: State and County QuickFacts. Data derived from Population Estimates, American Community Survey, Census of
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INTRODUCTION 

1. AUTHORITY AND PURPOSE 

1.1 AUTHORITY FOR THE GENERAL PLAN 

Statutory authority for a general plan is expressed in Title 7, Division 1 of the Government Code 
of the State of California.  Article 5, Section 65300 et seq. requires the County to adopt a 
comprehensive general plan to guide its future physical development.  The plan may recognize 
local conditions in a format that is appropriate for the local agency.  Although the General Plan 
must address a number of different subjects and elements, the County may choose the degree 
of specificity and level of detail that is appropriate for its circumstances. 

1.2 REQUIRED AND OPTIONAL ELEMENTS 

The General Plan must contain a statement of development policies, including diagrams or 
maps and text, setting forth objectives, principles, standards, and plan proposals.  Seven 
mandatory elements are Land Use, Circulation, Housing, Conservation, Open Space, Noise, and 
Safety. 

A number of optional elements are allowed.  This General Plan includes four optional elements: 
Agricultural Resources, Air Transportation, Water Resources, and Public Facilities and Services. 

1.3 PURPOSE OF THE PLAN 

Sonoma County General Plan 2020 (GP 2020) is a revision of the previous General Plan which 
was adopted in 1989, and supersedes and replaces that document.  This plan carries forward 
the major goals and policy framework of the 1989 Plan, and retains the overall format.  The 
primary purpose of the revised plan was to conduct a policy review which focused upon specific 
issues that were of paramount importance to the community. 

The broad purpose of GP 2020 is to express policies which will guide decisions on future 
growth, development, and conservation of resources through 2020 in a manner consistent with 
the goals and quality of life desired by the county's residents.  Under State law many actions on 
private land development, such as Specific Plans, Area Plans, zonings, subdivisions, public 
agency projects and other decisions must be consistent with the General Plan.  The Goals, 
Objectives, and Policies set forth in the plan will be applied in a manner to insure their 
constitutionality. 
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2. REGIONAL CONTEXT
 

2.1 THE REGIONAL SETTING
 

Sonoma County, the most northerly of the nine counties in the San Francisco Bay Region, is 
located along the Pacific coastline about forty miles north of San Francisco and the Golden Gate 
Bridge. The County is just over 1500 square miles, making it the largest of the nine Bay Area 
counties. 

Sonoma County is bordered by the Pacific Ocean on the west, Marin County and San Pablo Bay 
to the south, Solano, Napa and Lake Counties to the east, and Mendocino County to the north. 
Because of the geographic configuration and topography of the North Bay area, transportation 
linkages to adjacent counties are limited to a few routes. The U.S. Highway 101 Freeway is the 
major north/south route, connecting the County to San Francisco and Marin to the south and to 
Mendocino on the north. 

2.2 THE COUNTY SETTING 

Sonoma County's 1500 square miles include a diverse mosaic of landforms, environments, and 
human settlements.  The broad, flat Santa Rosa Plain, which lies between the Sonoma 
Mountains on the east and low coastal hills on the west, contains the cities of Santa Rosa, 
Rohnert Park, and Cotati.  The sparsely settled western margin of the county, along the Pacific 
coastline, includes the redwood and mixed conifer forests of the Mendocino Highlands in the 
north and rolling oak studded hills, dairylands, and coastal prairies in the south.  The 
Mayacamas Range forms the eastern boundary of the county.  Along with the Sonoma 
Mountain range, it encloses the Sonoma Valley or "Valley of the Moon," a scenic valley which 
extends from near Santa Rosa southeastward to the City of Sonoma and the marshlands of San 
Pablo Bay. In the north, the Mayacamas Range and Mendocino Highlands enclose the farming 
regions of Alexander and Dry Creek Valleys. In the far northeast, the remote interior of the 
Mayacamas Range contains the Geysers geothermal steam field. 

2.3 INTERGOVERNMENTAL PLANNING COORDINATION 

Sonoma County has a particular interest in coordination of land use, infrastructure, and 
environmental protection with other local, state, federal, and tribal governmental jurisdictions 
within the County.  GP 2020 is generally compatible with the plans of the nine cities, and with 
plans or policies established by other governmental agencies.  Areas for future expansion of the 
cities were coordinated with the various cities and with the Local Agency Formation 
Commission, which is responsible for setting city boundaries and spheres of influence. 
Although GP 2020 does not regulate development within the cities, it is applicable to lands 
within their spheres of influence. In some instances, the policies of the plan establish larger 
"areas of interest" for cities, in order to provide for their review and comment on proposed 
County actions. 
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Sonoma County also acknowledges both the presence of federally recognized tribal 
governments within Sonoma County and the need for communication and coordination with 
federal and tribal governments, where development of tribal and non-tribal land is proposed 
and where tribes seek to acquire new trust land. 

GP 2020 also considers the policies and concerns of adjacent counties and regional agencies, 
such as the Association of Bay Area Governments, the Metropolitan Transportation Commission, 
the San Francisco Bay Conservation and Development Commission, the Bay Area Air Quality 
Management District, the Northern Sonoma County Air Pollution Control District, the Bay Area 
Water Quality Control Board, the North Coast Regional Water Quality Control Board, the 
Sonoma County Water Agency, and others.  The text of the various elements notes those 
situations where these agencies have particular responsibilities that affect the physical 
development of the County and approval of permits. 

3. ORGANIZATION AND OVERVIEW OF THE PLAN 

3.1 THE PLAN FORMAT 

GP 2020 consists of 10 elements: 

• Land Use Element 
• Housing Element 
• Agricultural Resources Element 
• Open Space and Resource Conservation Element 
• Water Resources Element 
• Public Safety Element 
• Circulation and Transit Element 
• Air Transportation Element 
• Public Facilities and Services Element 
• Noise Element 

3.2 THE PLAN ELEMENTS 

Land Use 

In addition to the nine general goals and policies, the Land Use Element describes where the 
different kinds of uses for land may be established in the unincorporated areas of Sonoma 
County. The Land Use Element includes a set of nine planning area land use maps which 
establish the use and density of properties throughout the unincorporated area. Sections of the 
element also express policies which are specific to each planning area. 
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Housing 

Future housing production needed to accommodate projected growth is evaluated, along with 
policies and programs to: 

• Encourage development of housing for very low, low, and moderate income households 
• Meet the special shelter needs of specific population groups 
• Maintain and improve the quality of housing 
• Encourage production of diverse types of housing. 

Agricultural Resources 

Detailed guidelines and policies which apply to lands designated in one of the three agricultural 
land use categories are stated in this element. Policies address marketing of agricultural 
products, stabilization of agricultural use at the edge of urban areas, limitations on intrusion of 
residential uses, the location of agricultural services and visitor serving uses, provision of 
farmworker housing, the streamlining of permit procedures for agricultural uses, and 
recognition of the aquaculture and horse industries as agricultural endeavors. 

Open Space and Resource Conservation 

This element, in conjunction with the Water Resources and Agricultural Resources Elements, 
expresses the full range of goals, objectives, and policies for the preservation of open space, 
the protection of natural resources, and the provision of outdoor recreation opportunities.  It 
designates various portions of the County in several open space classifications, such as 
Community Separators, Scenic Landscape Units, Scenic Corridors, Riparian Corridors, and Biotic 
Habitat Areas.  Policies address natural resources such as soils, forests and timber, biotic 
resources, geothermal, mineral, and energy resources, and air quality.  Policies are also 
established regarding parks, trails, and bikeways.  Archaeological, cultural, and historical 
resources are also addressed. 

Water Resources 

This element was added for the first time in recognition of the importance of water to the 
environment, economic stability, agricultural protection, and the overall quality of life of the 
citizens of Sonoma County. Policies address subjects such as surface and groundwater, water 
conservation and re-use, public water systems, and water quality. 

Public Safety 

Special limitations and procedures for review of development projects located in areas subject 
to natural hazards are included in this element. Safety hazards addressed include seismic and 
other geologic hazards, flooding, and susceptibility to wildland fires.  Hazardous materials are 
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also included in this element. 

Circulation and Transit 

The plans for the county's future highway and transit systems are expressed, with particular 
emphasis on the Highway 101 corridor.  GP 2020 emphasizes an increased role for transit in 
serving commute trips and the importance of measures which will allocate existing highway 
capacity more efficiently during peak travel periods. 

Air Transportation 

This element expresses policies related to the public use airports in the county, including 
compatibility of land uses in adjacent areas. It focuses on the Sonoma County Airport and 
expresses policies related to the types and amounts of aviation activities to be accommodated 
and facilities needed to serve them. 

Public Facilities and Services 

The various public services that may affect the future development of land are emphasized, 
including water, sewer, parks, education, fire protection, and others.  New to this element are 
policies related to youth, family, and senior services. 

Noise 

This element evaluates existing and projected future noise conditions related to highways, 
airports, and other sources and expresses policies and standards to assure noise compatibility 
in future land development. 

General Plan Environmental Impact Report 

Prior to adoption of GP 2020, the Board certified the GP 2020 Final Environmental Impact 
Report that identified the impacts of GP 2020 and the policies that contribute to mitigation of 
these impacts.  For informational purposes, each GP 2020 policy that was cited in the FEIR as a 
mitigating policy is identified with an asterisk (*) after the policy.  In addition, a table is 
included at the end of GP 2020, entitled “Mitigating Policies of GP 2020".  This table identifies 
the applicable Policies and their relevant impact sections. 

4. CITIZEN PARTICIPATION IN PLAN PREPARATION
 AND FUTURE UPDATES 

The County encourages a high degree of public awareness of planning and development issues 
and participation by interested citizens in the preparation and consideration of plan policies. 
Preparation of GP 2020 was assisted by a citizen’s advisory committee, appointed by the Board 

Footnote: *Mitigating Policy 
Page IN-5 



Sonoma County General Plan 

of Supervisors, responsible for reviewing and making recommendations on all issues and 
related policies that were included in the update. In effect, the committee directly participated 
in the drafting of the goals, objectives, and policies to be submitted for consideration by the 
Planning Commission and Board of Supervisors.  During all phases of policy development, local 
residents, businesses, property owners, and interest groups were encouraged to express their 
views about planning issues and policies proposed for incorporation into GP 2020.  Members of 
the Citizens’ Advisory Committee are identified in Section 6, Acknowledgments. 
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	2: kg/day
	3: kg/day
	4: kg/day
	5: kg/day
	6: kg/day
	8: kg/day



	Text98: 
	1: 
	3: 
	0: 
	1: 
	0: 
	1: 
	2: 
	3: 
	4: 
	5: 
	6: 
	8: 



	Text99: 
	1: 
	3: 
	0: 
	1: 
	0: 
	1: 
	2: 
	3: 
	4: 
	5: 
	6: 
	8: 



	Text100: 
	1: 
	3: 
	0: 
	1: 
	0: 
	1: 
	2: 
	3: 
	4: 
	5: 
	6: 
	8: 



	Check Box62: 
	1: 
	1: Yes
	16: 
	1: Yes



	Check Box63: 
	1: 
	1: No
	16: 
	1: No



	Text101: 
	1: 
	1: <0.50
	16: 
	1: <0.50



	Text103: 
	1: 
	1: 
	16: 
	1: 



	Text104: 
	1: 
	1: 
	16: 
	1: 



	Text105: 
	1: 
	1: <0.50
	16: 
	1: <0.50



	Text106: 
	1: 
	1: <.00152
	16: 
	1: <.00152



	Text107: 
	1: 
	1: 4
	16: 
	1: 4



	Text108: 
	1: 
	1: µg/L
	16: 
	1: µg/L



	Text110: 
	1: 
	1: kg/day
	16: 
	1: kg/day



	Text111: 
	1: 
	1: 
	16: 
	1: 



	Text112: 
	1: 
	1: 
	16: 
	1: 



	Text113: 
	1: 
	1: 
	16: 
	1: 



	Text102: 
	1: 
	1: <0.002
	16: 
	1: <0.002



	Check Box129: 
	3: Yes

	Check Box130: 
	3: Yes

	Text117: 
	3: 0.59

	Text118: 
	3: 0.003

	Text119: 
	3: 

	Text120: 
	3: 

	Text121: 
	3: <0.57

	Text122: 
	3: <.00179

	Text123: 
	3: 4

	Text124: 
	3: µg/L

	Text125: 
	3: kg/day

	Text126: 
	3: 

	Text127: 
	3: 

	Text128: 
	3: 

	Text59: CAT0080033822
	Text109: E-003
	Check Box142: 
	1: 
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	1: Yes
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	3: Yes
	4: Yes
	5: Yes
	6: Yes


	Check Box143: 
	1: 
	0: No
	1: No
	2: No
	3: No
	4: No
	5: No
	6: No


	Text166: 
	1: 
	0: <0.5
	1: <0.5
	2: <0.5
	3: <0.5
	4: <0.5
	5: <0.5
	6: <0.5


	Text167: 
	1: 
	0: <0.006
	1: <0.006
	2: <0.006
	3: <0.006
	4: <0.006
	5: <0.006
	6: <0.006


	Text168: 
	1: 
	0: 
	1: 
	2: 
	3: 
	4: 
	5: 
	6: 


	Text169: 
	1: 
	0: 
	1: 
	2: 
	3: 
	4: 
	5: 
	6: 


	Text170: 
	1: 
	0: <0.47
	1: <0.47
	2: <0.47
	3: <0.47
	4: <0.47
	5: <0.47
	6: <0.47


	Text171: 
	1: 
	0: <.00148
	1: <.00148
	2: <.00148
	3: <.00148
	4: <.00148
	5: <.00148
	6: <.00148


	Text172: 
	1: 
	0: 8
	1: 8
	2: 8
	3: 8
	4: 8
	5: 8
	6: 8


	Text173: 
	1: 
	0: µg/L
	1: µg/L
	2: µg/L
	3: µg/L
	4: µg/L
	5: µg/L
	6: µg/L


	Text174: 
	1: 
	0: kg/day
	1: kg/day
	2: kg/day
	3: kg/day
	4: kg/day
	5: kg/day
	6: kg/day


	Text175: 
	1: 
	0: 
	1: 
	2: 
	3: 
	4: 
	5: 
	6: 


	Text176: 
	1: 
	0: 
	1: 
	2: 
	3: 
	4: 
	5: 
	6: 


	Text177: 
	1: 
	0: 
	1: 
	2: 
	3: 
	4: 
	5: 
	6: 




