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Figure 29 – Potential Location for a Bioretention Feature on Heinz Avenue at the UPRR ROW 

Additional opportunity sites for green infrastructure facilities have been identified on Dwight Way 

and Grayson Street in west Berkeley. For each of these locations, construction of a bioretention 

feature at the UPRR Right-of-Way dead-end may not be feasible due to access constraints. 

However, extension and retrofit of existing sidewalk planter strips into bioretention features may 

be an effective way to manage and treat stormwater runoff. Potential locations for bioretention 

features have been identified on Grayson Street between Seventh Street and the UPRR Right-of-

Way (Figure 30) and on Dwight Way between Fourth Street and the UPRR Right-of-Way (Figure 

31). Table 3-2 provides a comparison of the high priority potential green infrastructure projects 

identified in this section. 
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Location Watershed Max Feature Size Max Drainage MBPT Score PCB Reduction Potential for Microshed* Potential Treatment Area Description
(acres) (acres) (mg/year per acre treated) (acres)

Heinz and Railroad (3rd st) Potter 0.04 6.5 9 48.4 1.3
Opportunity for bioretention feature at dead‐end of Heinz (at 
3rd) with existing inlet that drains to Potter Outfall

Grayson and Railroad (3rd st) Potter 0.1 5.5 9 52.4 3.3
Opportunity for bioretention features along either side of 
Grayson, between 7th and 3rd

Dwight and Railroad (3rd st) Potter 0.09 1.6 9 36.3 3.0
Opportunity for bioretention features in parking lane/planter 
strip along either side of Dwight, between 4th and 3rd

Channing and Railroad (3rd st) Potter 0.03 15.8 9 32.7 1.0
Opportunity for bioretention feature at dead‐end of Channing (at 
3rd) with existing inlets that drain to Potter Outfall

Gilman Watershed

Jones between 4th and Railroad (3rd st) Gilman 0.08 15.4 9 31.8 2.7
Opportunity to install two connected bioretention features along 
the south side of Jones between 4th St and the Railroad ROW

Page between 4th and Railroad (3rd) Gilman 0.04 9.6 9 34.3 1.3
Opportunity to install a bioretention feature at the dead‐end of 
Page St at the Railroad ROW

Codornices Projects

10th St at Codornices Creek Codornices 0.03 2.9 13 40.9 1.0
Opportunity to install bioretention features on the east and west 
sides of 10th St at Codornices Creek, similar to the existing rain 
gardens on 6th St at Codornices Creek

9th St at Codornices Creek Codornices 0.03 3 14.5 40.9 1.0

A portion of the concrete island at end of 9th St could be 
converted to a bioretention feature treating runoff from 9th st 
before it flows into Codornices Creek. Challenges include 
coordination with and financial participation from upstream and 
downstream private property owners, and any creek restoration 
requirements 

Piedmont Ave/UC Joint Project

Piedmont Traffic Circle Potter 0.12 5.8 14.5 21.2 4.0
Large grassy traffic circle could be converted to a bioretention 
feature to treat runoff from Piedmont Ave and Channing Way

Median between Durant and Channing Potter 0.16 1.5 14.5 21.2 5.3
Large grassy median could be converted to a bioretention feature 
to treat runoff from Piedmont Ave

Parks Projects

San Pablo Park (Ward St) Potter 0.1 8.9 14 21.2 3.3
Grassy area in NW corner of park or strip of grass along northern 
side of park could be converted to a swale to treat runoff from 
Ward St

MBPT = Multi‐Benefit Prioritization Tool
* = Calculated using the BASMAA Interim Accounting Methodology for TMDL Loads Reduced

West Berkeley

Comparison of High‐Priority Potential Green Infrastructure Projects
City of Berkeley 2019 Green Infrastructure Plan

Table 3‐2
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Figure 30 – Extension and retrofit of existing sidewalk planter strips into bioretention features may 

be feasible on Grayson Street between Seventh Street and the UPRR ROW. 

 

Figure 31 – Extension and retrofit of existing sidewalk planter strips into bioretention features may 

be feasible on Dwight Way between Fourth Street and the UPRR ROW. 
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3.33.33.33.3 Early ImplementationEarly ImplementationEarly ImplementationEarly Implementation    ProjectsProjectsProjectsProjects    

The projects listed in Appendix B have been identified by the City of Berkeley as Early 

Implementation Green Infrastructure Projects in accordance with MRP Provision C.3.j.ii. Of the six 

projects listed, four were completed prior to 2019. The remaining two projects (San Pablo 

Avenue Storm Water Spine and Woolsey Street Bioswale and Flow Detention) are funded and 

designed, with construction anticipated to begin in 2019. 
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4. Tracking and Mapping Completed GI Projects 

The process for tracking and mapping completed GI projects, both public and private, and 

making the information publicly available, as required by Provision C.3.j.i.(2)(d), is described 

below.  This process was developed by the ACCWP, which participated in regional coordination 

with BASMAA, to comply with the requirement in Provision C.3.j.iv.(1) that “Permittees shall, 

individually or collectively, develop and implement regionally-consistent methods to track and 

report implementation of green infrastructure measures including treated area and connected 

and disconnected impervious area on both public and private parcels within their jurisdictions.” 

4.14.14.14.1 Project Tracking and Load Reduction Accounting ToolProject Tracking and Load Reduction Accounting ToolProject Tracking and Load Reduction Accounting ToolProject Tracking and Load Reduction Accounting Tool    

As a member agency of the ACCWP, the City of Berkeley uses an ArcGIS Online (AGOL) web 

application-based tool, the C3 Project Tracking and Load Reduction Accounting Tool (“AGOL 

Tool”), which ACCWP developed in cooperation with the Contra Costa Clean Water Program to 

assist its member agencies in meeting the requirements described above. Detailed information 

and instructions on the tool can be found in the C3 Project Tracking and Load Reduction 

Accounting Tool Guidance Document (ACCWP 2017).  

The general process for entering GI projects into the AGOL Tool involves logging in to the ArcGIS 

Online web application, opening the tool, and entering data. There are two methods for 

entering data, but, in general both involve: locating the project area, drawing the project 

boundary, entering project attributes, drawing the stormwater treatment facility(ies), and 

entering facility attributes. Project attributes include jurisdiction, location description, type of 

project, project name, and additional optional fields that can be populated if the information is 

known. Facility attributes include hydraulic sizing criterion, project ID, facility type, treatment, 

and percent of project area treated by the facility. 

The City of Berkeley has incorporated the use of the AGOL Tool into its processes for reporting 

C.3 Regulated Projects and non-C.3 Regulated projects that include green infrastructure – 

encompassing both public and private projects. The tool includes a feature for generating 

tables of C.3 Regulated Projects and GI projects that include MRP-required project data for 

annual reporting purposes.   

4.24.24.24.2 Making Information Publicly AvailableMaking Information Publicly AvailableMaking Information Publicly AvailableMaking Information Publicly Available    

As required by the MRP, the process for tracking and mapping completed projects (public and 

private) includes making the information generated by the tool publicly available. Information 

from the tool will be made publicly available as follows.   

• On an annual basis, include in the Annual Report for the City of Berkeley’s Stormwater 

Program information from the tool in the form of (1) a list of GI projects (public and 

private) that are planned for implementation during the permit term as required in 

Provision C.3.j.ii, and (2) a list of Regulated Projects approved during the fiscal year 

reporting period as required in MRP Provision C.3.b.iv.  
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• Coordinate with ACCWP to develop a viewable version of the AGOL tool, which is 

anticipated to be embedded on ACCWP’s public website and may also be accessible 

via the City of Berkeley’s website. 
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5. Summary of General Guidelines for GI Projects 

General Guidelines are presented in Appendix C to guide the City of Berkeley in designing a 

project that has a unified, complete design that implements the range of functions associated 

with GI projects, and in providing for appropriate coordination of projects and project elements. 

The General Guidelines include hydraulic sizing guidance, standard specifications, and typical 

designs for GI projects.  Additional information about the General Guidelines is summarized 

below. 

5.15.15.15.1 Implementing Implementing Implementing Implementing Projects with a UProjects with a UProjects with a UProjects with a Unified, nified, nified, nified, Complete DComplete DComplete DComplete Designesignesignesign    

The General Guidelines presented in Appendix B focus on designing and coordinating projects 

that implement a range of functions appropriate to the type of project.  For example, the 

guidelines for designing street projects address a range of functions including pedestrian travel, 

use as public space, for bicycle, transit, vehicle movement, and as locations for urban forestry. 

The guidelines for coordination identify measures for implementation during construction to 

minimize conflicts that may impact green infrastructure.  

5.25.25.25.2 Hydraulic Sizing RequirementsHydraulic Sizing RequirementsHydraulic Sizing RequirementsHydraulic Sizing Requirements    

Provision C.3.j.i.(2)(g) of the MRP states that GI projects are required to meet the treatment and 

hydromodification management (HM) sizing requirements included in Provisions C.3.c and C.3.d 

of the MRP. However, an exception to this requirement is provided in Provision C.3.j.i.(2)(g) for 

street projects that are not Regulated Projects under Provision C.3.b (“non-Regulated Projects”).  

The General Guidelines in Appendix C provide hydraulic sizing guidance for GI projects, 

addressing the hydraulic sizing criteria in MRP Provisions C.3.c and C.3.d, as well as the alternate 

sizing approach for constrained street projects developed by the Bay Area Stormwater 

Management Agencies Association. These guidelines do not address Regulated Projects as 

defined in Provision C.3.b of the MRP.  

Please note that some non-Regulated Projects are required to implement site design measures 

in accordance with Provision C.3.i of the MRP. Appendix L of the ACCWP C.3 Technical 

Guidance Manual (ACCWP 2017b) explains how to determine whether Provision C.3.i applies to 

your project, and how to incorporate applicable site design measures, if required.  

Table 5-1 presents a summary of resources for hydraulic sizing guidance, and other applicable 

guidance, for different types of projects. 
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Table 5-1: Hydraulic Sizing Guidance and Other Guidance Resources- by Project Type 

Type of Project 

Where to Find Guidance 

Provision C.3.i or HM Guidance, 

if Applicable 
Hydraulic Sizing Guidance 

Non‐Regulated Green 
Infrastructure Project (public 

or private project) that is NOT 

subject to Provision C.3.i6 

Not applicable Appendix C – General 

Guidelines for GI Projects 

Non‐Regulated Green 
Infrastructure Project (public 

or private project) that IS 

subject to Provision C.3.i 

ACCWP C.3 Technical 

Guidance (Appendix L, Site 

Design Requirements for Small 

Projects) 

Regulated Project that is NOT 

a Hydromodification 

Management (HM) Project7 

Not applicable ACCWP C.3 Technical 

Guidance (Section 5.1, 

Hydraulic Sizing Criteria) 

Regulated Project that IS an 

HM Project  

ACCWP C.3 Technical 

Guidance (Chapter 7, 

Hydromodification 

Management Measures) 

 

5.35.35.35.3 Standard Specifications and Typical DesignsStandard Specifications and Typical DesignsStandard Specifications and Typical DesignsStandard Specifications and Typical Designs    

Appendix C of this GI Plan includes typical design drawings and standard specifications for GI 

projects, which address various types of land-use, transportation, and site characteristics. GI 

projects may also utilize design guidance provided in Chapter 6 of the C.3 Technical Guidance 

Manual for other types of low impact development storm water treatment facilities, subject to 

City staff approval. 

 

  

                                                      
6 MRP Provision C.3.i applies to projects that create and/or replace at least 2,500 but less than 10,000 

square feet of impervious surface; and Individual single family home projects that create and/or replace 

2,500 square feet or more of impervious surface. 

7 An HM Project is a Regulated Project that creates and/or replaces one acre or more of impervious 

surface, will increase impervious surface over pre-project conditions, and is located in a susceptible area, 

as shown on the ACCWP default susceptibility map.  
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6. Integration of GI Requirements in Other City 

Planning Documents 

Provision C.3.j.i.(2)(h) of MRP 2.0 requires permittees to update planning documents that may 

affect the future alignment, configuration, or design of impervious surfaces within the Permittee’s 

planning authority. City of Berkeley documents and programs that include GI elements are listed 

below.  

• City of Berkeley General Plan 

• Downtown Berkeley Design Guidelines 

• Downtown Streets and Open Space Improvement Plan 

• Downtown Area Plan 

• Berkeley Strategic Transportation Plan (BeST Plan) 

• Watershed Management Plan 

• Hazard Mitigation Plan 

• Adeline Corridor Specific Plan (in progress) 

• Pedestrian Master Plan (update in progress) 

• Southside Complete Streets (in progress) 

 

Adeline Corridor Specific Plan 

The Adeline Corridor Specific Plan (Adeline Plan) was developed between 2015 and 2019, 

coinciding with development of the GI Plan. The concurrent development of these two plans 

represented an opportunity to create an example showing how the GI Plan can be integrated 

with an area-specific plan. As shown in Figure 32, several sections of Right-of-Way and parcels 

within the Adeline Corridor Area rank highly as GI opportunity sites according the Multi-Benefit 

Prioritization Tool. The Adeline Plan presents a conceptual redesign of portions of Adeline Street 

and Shattuck Avenue in South Berkeley. Green infrastructure opportunities identified in the 

Adeline Plan include the use of permeable pavement in the parking lanes, walkways, and 

medians, and potential bioretention features in the buffers strips, medians, and newly 

developed public open spaces. Along the Adeline Corridor, the underlying BART Tunnel may 

render some types of stormwater infiltration facilities unfeasible. However, flow-through planters 

completed above the Downtown Berkeley BART Station in 2018 (Figure 33) provide a great 

example of the types of GI facilities that could be installed above the BART Tunnel.  
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Figure 32 – Outline of the Adeline Corridor Specific Plan Area Overlain with Results from the Multi-

Benefit Prioritization Tool 
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Figure 33 – Flow-through planters installed above the Downtown Berkeley BART Station treat 

runoff from Shattuck Avenue. 

Watershed Management Plan 

As discussed in previous sections, the City of Berkeley’s 2011 Watershed Management Plan 

(WMP) includes many references to green infrastructure. As discussed in Section 3 of the GI Plan, 

potential green infrastructure projects identified in the WMP have been reevaluated using the 

tools of the GI Mechanism. Hydraulic models of the Potter and Codornices Watersheds were 

developed for the WMP. The City hopes to develop models for additional watersheds as 

recommended in the WMP. If potential green infrastructure sites are identified through future 

modelling efforts, those locations will also be evaluated using the tools of the GI Mechanism to 

inform prioritization.  

Green Infrastructure Plan Adaptability  

The Green Infrastructure Plan is intended to be an adaptable, living document and the tools of 

the GI Mechanism are meant be modular and compatible with other current and future City 

prioritization protocols. As future City plans are developed, the tools of the GI Mechanism should 

be utilized to help identify potential green infrastructure locations that are complimentary to the 

scope of those plans. As the tools of the GI Mechanism are GIS-based, they can be overlain with 
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other current or future City GIS layers and GIS analytical tools may be used to run updated 

prioritization analyses.   
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7. Evaluation of Funding Options 

As required by provision C.3.j.i.(2)(k) of the MRP, The City of Berkeley has evaluated funding 

options for implementation of green infrastructure projects. An evaluation of funding options for 

the City’s Stormwater Program performed by MWH in 2015 is included as Appendix D. 

Additionally, Chapter 9 of the WMP (Appendix A) contains a discussion of funding options for the 

City’s Stormwater Program. As recommended in the MWH evaluation, a Proposition 218-

compliant process to increase of the City’s Clean Stormwater Fee was undertaken in 2018. After 

a series of productive public meetings and input from the community, the citizens of Berkeley 

voted to pass the fee increase (Appendix E).  

In 2019, the ACCWP completed the countywide Storm Water Resource Plan. Completion of this 

plan makes Berkeley and the other entities that contributed to the plan eligible for California 

Proposition 1 grants. It is envisioned that revenue from the City’s Clean Stormwater Fee, 

potentially supplemented by grant monies will be the primary sources of funding for green 

infrastructure in Berkeley in the short term. There has been some interest in exploring the feasibility 

of an In-Lieu Fee program as a source of funding for green infrastructure in the future.  
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City of Berkeley Watershed Management Plan 
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EXECUTIVE SUMMARY 

The Watershed Management Plan (WMP) presents an integrated and sustainable 
strategy for managing urban water resources. It is meant to guide future City efforts in 
promoting a healthier balance between the urban environment and the natural 
ecosystem. The document is arranged by various topic areas, providing an overview of 
current City activities and making recommendations for improvements. The WMP 
should be considered a document that will evolve over time as new information is 
gathered and analyzed, technologies advance, and regulatory requirements change.  

Berkeley is a densely built-out city, comprised of 11 watersheds wholly or partial within 
City limits. All watersheds in Berkeley eventually drain to the San Francisco Bay, which is 
an important economic engine and an internationally recognized natural resource. Each 
watershed is unique with various mixtures of: land uses, demographic communities, and 
remaining aquatic and wildlife habitats. Chapter 2 provides an overview of watershed 
characteristics as well as common issues associated with urban settings. These issues 
include high rates and volumes of stormwater runoff (flooding), stormwater pollution, and 
degradation of creeks. 

The WMP looks at addressing water quality, flooding, and the preservation of creeks and 
habitats using multi-objective approaches where possible. This entails supplementing the 
existing engineered storm drain infrastructure with greener approaches that mimic 
natural hydrologic processes including filtration and infiltration by soils and plants. 
Chapter 3, discusses various green retrofit measures appropriate for the public right-of-
way as well as for public and private property. These green approaches also provide 
opportunities for the collection and non-potable re-use of stormwater. Additional 
discussion of water quality programs and recommendations are provided in Chapter 4. 

There are an estimated 8 miles of open creeks in the City. Only 7% of this is on public 
lands, the remainder flows through private properties. There are about 6.5 miles of 
creek culverts, with about 60% on public property. There is little data available on the 
physical conditions of both creeks and creek culverts, thus one of the primary 
recommendations is for additional information gathering. Further discussion of the 
benefits, functions and associated habitats of creeks is provided in Chapter 5, which 
also articulates the City’s regulatory roles and the distinction between creek culverts 
and storm drainpipes. 

There are about 93 miles of storm drain pipelines under the public right-of-way throughout 
the City, much of which is nearing or past its design life expectancy. Chapter 6 discusses 
the public storm drain pipe infrastructure and how the City approaches its management. 
Additional information gathering is needed to assess the physical conditions and hydraulic 
capacities of these facilities. Maintenance programs are further discussed in Chapter 7. 

For WMP development, City Council approved funding for the hydraulic modeling of the 
Potter and Codornices Watersheds (Chapter 8). These two watersheds represent the 
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full range of the drainage spectrum in Berkeley. The Codornices Watershed is drained 
by one of the most open creeks remaining in the East Bay, while the Potter Watershed 
(the largest in the City) is drained exclusively by storm drain pipes. The modeling results 
were used to develop Capital Improvement recommendations for both watersheds. 
These recommendations call for an innovative combination of conventional measures 
(such as pipe enlargement) and green right-of-way retrofits to treat, slow, and potentially 
re-use stormwater. These measures, called Green Infrastructure, include right-of-way 
landscaping, underground temporary storage piping, permeable surfacing, and trash 
capture devices.   

Implementing WMP recommendations will require coordination among City Departments; 
participation and support from the public; partnerships with stakeholders; gathering and 
analyses of information; and financial resources. Chapter 9 provides four funding 
scenarios with a corresponding level of WMP implementation associated for each. 
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CHAPTER 1: WMP OVERVIEW 

INTRODUCTION 

Simply stated, a ―Watershed‖ is the area of land that drains into a common waterbody, 
such as a creek or the San Francisco Bay. A watershed can be thought of as a large 
bathtub: when a drop of water hits anywhere in 
the tub, it eventually finds its way to the drain 
(the lowest point). In this instance, the bathtub 
rim defines the watershed boundary. On land, a 
watershed boundary is determined by 
topography—ridgelines or high elevation 
points—rather than by political jurisdictions. A 
watershed includes surface water bodies (e. g., 
streams, rivers, lakes, reservoirs, wetlands, and 
estuaries), groundwater (e.g., aquifers and 
groundwater basins), and the surrounding 
landscape.  

A single watershed often encompasses a wide variety of land uses, business types, 
demographics, and natural resources in a densely, urbanized environment such as 
Berkeley. These components can all influence watershed function, due to cumulative 
effects on hydrology, water quality, and ecosystem health. In 2008, on the 
recommendation of the temporary Creeks Task Force1, the City Council authorized the 
creation of the Watershed Resources Specialist position within the Public Works 
Department’s Engineering Division to assist in the creation of a watershed plan.  

A Watershed Management Plan (WMP) is a strategy that provides assessment and 
management information for a geographically defined watershed, including the 
analyses, actions, participants, and resources related to developing and implementing 
the plan. The key components of watershed planning are: 

 Definition of management goals. 

 Characterization of existing conditions. 

 Development of protection and remediation strategies.  

 Implementation of selected actions (adapted over time as necessary). 

The WMP offers guidance for enhancing the City’s efforts to manage watershed 
resources within the public right-of-way and on public property. It also provides a 
platform from which to encourage other watershed stakeholders (residents, property-

                                            

1
 The Creeks Task Force was established by City Council in November 2004 and sunset in May 2006. It 

was tasked with recommending revisions to the Berkeley Municipal Code 17.08, Preservation and 
Restoration of Natural Water Courses. 
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owners, businesses, developers, local public agencies, non-governmental 
organizations, etc.) to participate.  

MISSION & INTENDED USE OF WMP 

The mission of the Watershed Management Plan (WMP) is to promote a healthier 
balance between the urban environment and the natural ecosystem, including the San 
Francisco Bay. The WMP serves to guide the development, enhancement, and 
implementation of actions to achieve the following goals and objectives:  

WMP GOALS OBJECTIVES 

Protect Water Quality 

 Improve pollutant removal operations within City right-of-way. 

 Reduce sources of non-point-source pollution. 

 Raise public consciousness about water resources and pollution 
prevention. 

 Collect/analyze data to better understand issues and plan accordingly. 

Reduce Urban Flooding 

 Maintain and operate appropriately sized storm drain pipe infrastructure. 

 Reduce peak runoff volumes and velocities. 

 Keep stormwater inlets free of obstructions. 

 Collect/analyze data to better understand issues and plan accordingly. 

Preserve Natural 
Waterways and Habitat 

 Preserve /enhance natural riparian spaces. 

 Increase habitat connectivity. 

 Collect/analyze data to better understand issues and plan accordingly. 

Re-Use Rainwater 
as Resource 

 Reduce use of potable water for non-potable uses. 

 Reduce peak runoff volumes and velocities. 

 Encourage public awareness and participation. 

 
Implementing the WMP will require on-going inter-departmental coordination within the 
City government as well as participation and support from the wider stakeholder 
community. It will also need adequate funding to plan, implement, and maintain 
recommended capital improvements and programs.  

The WMP is a document that will continue to evolve. The City recognizes that 
technologies are constantly changing and improving and new information is continually 
being gathered and analyzed. The WMP should be considered a guide for improving 
watershed function and health, rather than as a strict plan.  

WMP DEVELOPMENT PROCESS 

The WMP consolidates and builds on existing City activities. The City of Berkeley has 
long engaged in on-going planning and actions in several distinct areas with watershed 
implications. These activities include, among others, stormwater quality management, 
flood management, creek protection, and land use planning. The City has incorporated 
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these interrelated components into a holistic watershed context. The WMP does this, 
while adding a new element that promotes the harvesting of rain water as a resource for 
non-potable re-use.  

In developing the WMP, staff reviewed existing City policies, programs, plans, and 
infrastructure inventories to identify opportunities for improvements, efficiencies, and 
coordination. Most of these City plans and policies are further described within the 
relevant chapters WMP. Appendix A provides a consolidated summary of many of these 
plans and policies, emphasizing each one’s respective nexus to the WMP.  

Sophisticated computer modeling was used on two watersheds (Potter and Codornices) 
in the City to: 1) identify existing condition drainage capacities and constraints, and 2) 
determine the feasibility of both traditional and innovative approaches to resolving these 
issues. The results of this effort are provided in Chapter 8, which includes prioritized 
lists of recommended capital improvements for these specific watersheds. 

Stakeholder Process 

The on-going engagement of a wide spectrum of stakeholders will be fundamental to 
the WMP process. Policies and programs recommended by the WMP potentially affect 
internal City departments, as well as the broader community. This community includes: 
other local, regional, and state public agencies and special districts (i.e. Berkeley 
Unified School District [BUSD], East Bay Regional Parks District [EBRPD], the 
University of California [UCB], adjacent municipalities, Caltrans, and the Union Pacific 
Railroad [UPRR]); land developers, designers, and contractors; merchant associations 
and business owners; non-governmental organizations with environmental, social, and 
economic missions; and property-owners and residents.  

The primary avenues for WMP communication will be City interdepartmental meetings, 
public community meetings, stakeholder group meetings, and a dedicated WMP 
webpage on the City’s website: www.cityofberkeley.info/WatershedResources.  

RECOMMENDATIONS FOR STAKEHOLDER PARTICIPATION 

The following activities are recommended initial steps in promoting stakeholder 
awareness of, support for, and partnerships of the WMP.  

1.1 Inter-Departmental Coordination: Conduct on-going inter-departmental coordination 
of priorities and recommendations to pursue opportunities for joint pilot programs 
and projects. 

1.2 WMP Public Meetings & Presentations: Conduct public meetings and make 
presentations over the next year to various City Commissions and Council.  

1.3 WMP Website: Use electronic media (such as the Watershed Resources webpage 
on the City’s website) and other means to keep public and any interested parties 
informed of upcoming meetings, volunteer opportunities, and the latest version of 
the WMP.  
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1.4 Potter and Codornices Watersheds – Public Meetings: Conduct watershed-specific 
public meetings in the Potter and the Codornices Watersheds to discuss and refine 
watershed-specific goals and priorities. 

1.5 Partnership Opportunities: Identify partnerships opportunities with 
institutional/agency stakeholder groups (i.e. UCB, and BUSD) to develop mutually 
beneficial projects and agreements, 

1.6 Other Watersheds – Goals/Modeling/Priorities: As funding becomes available for 
the hydraulic modeling of each remaining watershed and after completion of the 
modeling for each, conduct watershed-specific public meetings within the modeled 
watershed to discuss and refine watershed-specific goals and priorities. 
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CHAPTER 2: WATERSHED CONDITIONS 

Watershed management and planning begins with a basic understanding of the physical 
setting, landforms, and the key processes that shape the land. This understanding of a 
watershed’s governing forces is important when considering future opportunities and 
projects, and when identifying appropriate approaches for particular locations. This 
chapter presents a general overview of the City’s physical setting, climate, and 
watershed conditions. It also briefly describes basic hydrology, geomorphology, and the 
impacts of urbanization to watershed resources.  

PHYSICAL SETTING 

The City of Berkeley, approximately 10.5 sq miles, is located on the eastern shoreline of 
the San Francisco Bay (Bay) and extends east to the ridgelines of the East Bay Hills. In 
general, the physiography of the Berkeley watersheds reflects their general position or 
alignment in relation to the primary geologic structures. The watersheds in Berkeley 
typically drain to the west out of the steeper headwaters (Berkeley Hills, with a 
maximum elevation of approximately 1,770 ft at Chaparral Peak), across a transitional 
alluvial fan zone, and then across the more gently sloping Bay plain before discharging 
into the Bay (approximately at sea-level). One exception is the Wildcat watershed which 
drains to the north on the eastern side of the ridgelines of the Berkeley Hills.  

 

Figure 2-1, Map of Watersheds in City of Berkeley 

Page 67 of 260



Chapter 2: Watershed Conditions page 8 

There are 10 watersheds wholly or partially within the City of Berkeley (not including the 
Marina). Moving from north to south, these are: Wildcat, Cerrito, Marin, Codornices, 
Gilman, Schoolhouse, Strawberry, Aquatic Park, Potter, and Temescal (Figure 2-1). 
Several watersheds extend past Berkeley’s municipal boundaries into the City of 
Emeryville and the City of Oakland to the south, and the Cities of Albany and El Cerrito 
to the north. The City of Berkeley is predominately urban; however drainage from 
approximately 2 sq. mi. of non-urban area outside the City boundary flows into the City 
from Strawberry Canyon and Claremont Canyon east of the City. 

CLIMATE 

Climate is one of the basic drivers of hydrologic processes such as precipitation, stream 
flow, soil moisture, and evapotranspiration. Such conditions, in turn, help determine 
regional and local ecology. Berkeley’s climate is largely governed by weather patterns 
originating in the Pacific Ocean. In winter months, the Polar Jet Stream’s southern 
descent brings mid-latitude cyclonic storms. Climatic conditions in Berkeley are 
generally characterized as Mediterranean with moist, mild winters and hot, dry 
summers. Winter temperatures vary between highs of 50º–60ºF and lows of 30º–40ºF. 
Summer temperatures generally range between highs of 60º–80ºF and lows of 40º–
50ºF. Greater than 90% of precipitation falls between November and April, with an 
annual rainfall amount of about 18-26 inches depending on location (microclimate 
effects). Areas of higher elevation receive higher rainfall amounts annually due to the 
rainshadow effects of the Berkeley Hills.  

Microclimates 

Topography, orientation, wind patterns, and distance from the Bay and the Pacific 
Coast, create diverse microclimates. These microclimates can present stark climatic 
variations in only a few miles distance. This is reflected in different water balance 
conditions across the city, primarily as the result of differences in rainfall amounts and 
evapotranspiration. These microclimates create the varied vegetation communities and 
habitats associated with surface water flows.  

Summer in the Bay Area is known for its thick marine fog layer in the areas closest to the 
coast. This fog is brought into the Bay through an advection (―horizontal air/water flow‖) 
process. A daily westerly (i.e., from the west, toward the east) breeze is formed by the 
strong pressure gradient between the hot Central Valley (surface low pressure) and the 
cooler coastal areas (surface high pressure). This moist air is cooled to dew point when it 
crosses the cooler waters of the California Current (near the coast). This advection 
process results in a thick fog forming just offshore, which is pulled eastward through 
gaps and passes (most famously through the Golden Gate) into the Bay Area. Fog 
diminishes with distance inland from the Bay, as well as distance north and south from 
gaps and passes. 

Global Climate Change 

The U.S. Environmental Protection Agency reports that the Earth's surface temperature 
has risen by about 1 degree Fahrenheit in the past century, with accelerated warming 
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during the past two decades. This warming is associated with the buildup of greenhouse 
gases in the atmosphere – primarily carbon dioxide, methane, and nitrous oxide. 
Scientists expect that the average global surface temperature could rise 2.2 to 10°F (1.4-
5.8°C) in the next century, with significant regional variation. Evaporation will increase as 
the climate warms, which will raise average global precipitation. Soil moisture is likely to 
decline in many regions, and intense rainstorms are likely to become more frequent. 
Average sea level may rise two feet or more along most of the U.S. coast. Studies 
project the Bay to rise between 7‖ and 55‖ by the year 2100. 

Although specific outcomes of global climate change on the regional climate of the Bay 
Area are uncertain, potential changes are likely to include increased seasonal mid-
latitude type precipitation through a northern migration of the tropical jet stream. Other 
scenarios might include greater variation in seasonal/annual precipitation due to 
increased variation along the more northerly Polar Front Jet Stream. Other studies 
suggest that increased temperatures in the mid latitudes will result in reduced snowfall 
and increased precipitation in such places as the Sierra Nevada, which may affect 
drinking water supply for the Bay Area. 

BASIC OVERVIEW OF HYDROLOGY AND GEOMORPHOLOGY 

Although watersheds are complex systems with multiple and concurrent water inputs 
and outputs, the simplified hydrologic cycle (Figure 2-2) provides a general overview. 
The hydrologic cycle comprises a continuous cycle of water movement through the 
atmosphere (air), lithosphere (ground), and hydrosphere (water bodies). Rainfall is 
intercepted by vegetation, or directly falls on soil, water, or the built landscape. 
Precipitation infiltrates into the ground and recharges groundwater or flows as surface 
runoff to storm drains or waterways both of which drain to the Bay. Water can also 
return to the atmosphere (either through evaporation or by transpiration from plants) 

Surface water flows can initiate the erosion, conveyance, and storage of soil deposits. 
In the Bay Area, tectonic, faulting, and structural controls often influence the relative 
distribution of sediment. Landslide and sediment source areas tend to be in the foothills 

and uplands, while deposition areas 
tend to be on the alluvial fan after 
the slope break.  

Further discussion of sediment 
transport is found in Chapter 6, 
Creeks.  

Figure 2-2 Basic Hydrologic Cycle 
Source: Environment Canada, http://www.ec.gc.ca/1  

Page 69 of 260

http://www.ec.gc.ca/1


Chapter 2: Watershed Conditions page 10 

EFFECTS OF URBANIZATION  

Hydrograph/Peak Flows 

Watershed surfaces become more impervious, as land is developed over time to 
accommodate individual and societal human needs. Like most densely urban 
communities, much of Berkeley watersheds are covered by hardened surfaces and 
compacted soils. This condition diminishes the watersheds’ natural ability to infiltrate 
(absorb) stormwater into native soils or evapotranspirate it through plants. The end 
result is that urbanization increases surface runoff volumes. 

Traditional stormwater management approaches have developed efficient drainage 
measures that favor rapid concentration of excess water and routing it off-site through 
―hard infrastructure‖ such as curbs and gutters, inlet structures, and storm drain pipes 
(Prince George's County, Dept. of Environmental Resource Programs, 1999). This 
approach increases the rate (or velocity) of runoff.  

When runoff volumes and rates are increased, urbanized watersheds experience 
greater peak flows which contribute to localized flooding (Figure 3-3). 

Water Quality/Non-point 
Source Pollution 
In addition to changes in 
hydrology, urbanization also 
affects water quality. Natural 
filtration through soils and 
vegetative uptake of pollutants is 
diminished by impervious surface 
development. The loss of natural 
filtration processes is exacerbated 
by the generation of various non-
point source pollutants associated 
with routine activities of the general 
population and businesses within a 
densely populated area such as 
Berkeley. Figure 2-4 describes the 
impacts of impervious land on 
stormwater runoff. Table 2-1 lists 
the most common urban 
stormwater runoff pollutants and 
their typical sources.  Figure 2-3, Urbanization Effect on Runoff Volumes and Rates 
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Figure 2-4 

Pollutant Source 

Metals  Automobiles, roof shingles 

Oil and grease  Automobiles 

Oxygen-depleting substances Organic matter, trash 

Sediment  Construction sites, roadways 

Trash and debris  Multiple sources 

Bacteria  Pet waste, wastewater collection systems 

Nutrients  Lawns, gardens, atmospheric deposition 

Pesticides Lawns, gardens 

Toxic chemicals Automobiles, industrial facilities 

Table 2-1 

Natural Waterways and Habitat 

Prior to the arrival of Spanish explorers in the late 1700s, creeks in Berkeley supported a 
range of terrestrial and aquatic wildlife (including song birds, fish, raptors, rodentia, deer, 
elk, bear and mountain lions) that used them for water sources, vegetative cover, and 
food. The indigenous Huchiun-Ohlone peoples used the creeks to fish, hunt, and gather 
food supplies. (Charbonneau) Watersheds and their associated open watercourses were 
significantly altered from the mid-1700s to the early 1900s by changes in land uses 
associated with settlements and subsequent urbanization (such as cattle grazing, 
building of transportation infrastructure, and subdividing and building on land tracts). 
These past alterations included physical modifications to the creeks to:  
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 Impound water for drinking, fire suppression, and irrigation (damming). 

 Mine creek beds and banks for road building materials (widening & deepening). 

 Dispose of wastewater (sewage) and refuse (dumping). 

 Create predictable flow paths resistant to erosion and incision (channel armoring 
and straightening). 

 Maximize developable space by undergrounding creeks in pipes (culverts). 

Over time, these changes have resulted in the loss of open watercourses and related 
terrestrial and aquatic wildlife habitat throughout the city. The greatest losses occurred 
in the flatlands where developable space was at a premium. For example, Potter and 
Derby Creeks, respectively, drained two historically distinct watersheds, which are now 
merged into the current Potter Watershed. Although there are some remaining open 
channels in the Berkeley Hills, and a mix of active and abandoned creek culverts 
(needing to be confirmed through field investigations), the Potter Watershed is almost 
exclusively drained by storm drain infrastructure. 

Urbanization also contributes to the degradation of water quality and the ecological 
integrity of creeks. As concentrated flows are discharged to creeks, excessive stream 
bank erosion and channel overflows can occur, resulting in damage to aquatic habitat 
(scour or excessive sedimentation) as well as to property (loss of land and undermining 
of adjacent structures). Groundwater supplies, which contribute to summer flows of Bay 
Area creeks, are less able to be replenished as the percentage imperviousness in a 
watershed area increases. Although urbanization leads to significant increases in 
flooding during and immediately after wet weather, in many instances it results in lower 
stream flows during dry weather, which can compromise the survival of native fish and 
other aquatic life.  

BERKELEY WATERSHEDS CHARACTERISTICS 

A number of statistics have been compiled to provide a snapshot of important 
characteristics of the watersheds in Berkeley (Table 2-2). These include: drainage area, 
annual precipitation averages, land use types and sizes, and estimated percent of 
impervious coverage. This data can be used to generate estimated gross runoff 
volumes and calculate runoff estimates associated with different storm intensities. Also 
provided in the table are estimated lengths of the various drainage pathways for each 
watershed, including creeks (open and culverted) and storm drain pipelines. Finally the 
table provides the estimated area within each watershed that is at higher risk for 
hazards, such as flooding, landslides, seismic activity, and soil contamination. These 
hazard areas may be inappropriate for certain WMP recommended measures. 
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Watershed 
Characteristic 

Parameter 
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Drainage Area Total 
(acres) 

6,156¹ 1,9275 1,0635 796² 2494 703¹ 1,9775 134¹ 2,6935 4,3245 6,3265 

Drainage Area in City 
Boundary (acres) 

6,156¹ 149¹ 6994 5704 2494 7034 1,385¹ 134¹ 2,053² 205¹ 152¹ 

Annual Precipitation 
(inches) 

18-264 225 225 24² 20 215 235 20 22² 245 235 

La
nd

 U
se

 A
re

a 
by

 T
yp

e 
(a

cr
es

) 

Recreational 
6%³ 

1¹ 74 264 0 134 294 78¹ 1434 0 NC 

Open Space 0 0 264 254 464 5884 781 2944 NC NC 

Institutional 9%³ 0 44 154 14 504 4704 30¹ 1854 NC NC 

Industrial 4%³ 0 0 0 804 714 284 11¹ 1844 NC NC 

Industrial/ 
Residential  

0 0 0 0 0 0 7¹ 0 NC NC 

Commercial 7%³ 0 164 64 384 514 1704 NC 1744 6 NC 

Com/Res 
 

0 0 0 24 0 104 NC 1014 NC NC 

Low Density Res 

48%³ 

148¹ 6724 4964 1014 4384 4984 NC 9314 194¹ 152¹ 

Med Density Res 0 0 14 24 254 1024 9¹ 1014 6 NC 

High Density Res 0 0 0 0 94 824 NC 2304 NC NC 

Vacant 2%³ NC NC NC NC NC NC NC NC NC NC 

City Streets  
(848 acres)6 

24%³ 

NC NC NC NC NC NC NC NC NC NC 

City Sidewalks 
(182 acres)6 NC NC NC NC NC NC NC NC NC NC 

Est. % Impervious2 NC NC NC 34 NC NC NC NC 55 NC NC 

Avg. Annual Wet Season 
Runoff Volume (acre ft.) 5 

NC 1,700 802 596 NC 653 2,482 NC 2,460 3,386 4,020 

Annual Wet Season 
Runoff Volume, Avg. 
(1998-2007) (af) 5 

NC 2,201 1,024 740 NC 884 3,123 NC 3,200 4,027 5,031 

Table 2-2 (continued on next page) 

Part 2 of Table continued on next page. 
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Watershed 
Characteristic 

Parameter 
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Estimated Open Channel Length (ft)¹ 

Total 42,139 5,063 6,116 15,477 NA 1,690 7,092 NA 2,254 4,447 NA 

City Property 3,010 211 508 1,873 NA 0 298 NA 0 120 NA 

Private Property 39,129 4,852 5,608 13,604 NA 1690 6,794 NA 2,254 4,327 NA 

Estimated Active Creek Culvert Length (ft)¹ 

Total 35,059 2,220 4,284 11,435 NA 2,309 9,501 NA 3,037 1,848 426 

City Property 19,959 924 3,066 6,083 NA 1,287 5,796 NA 1,676 1,127 UNK 

Private Property 14,674 1,297 1,218 5,351 NA 1,022 3,705 NA 1,360 721 UNK 

Storm Drain Pipe Length (ft)¹ 

Public ROW 
only 

492,365 1,880 61,584 40,088 23,856 65,637 82,758 3,583 187,020 20,698 5,262 

Hazard Study Areas (acres)¹ 

FEMA 100yr 
Flood Zone 

105 0 0 25 0 0 0 80 0 0 0 

FEMA 500yr 
Flood Zone 

203 1 0 16 39 72 13 0 49 12 0 

Landslide 1,104 54 232 378 0 0 326 0 31 19 64 

Fault Zone 647 63 186 106 UNK UNK 170 UNK 69 54 UNK 

Liquefaction 1,423 UNK UNK 64 193 194 286 46 640 1 UNK 

Soil 
Contamination 

1,727 UNK 11 61 162 258 720 134 377 4 UNK 

Table 2-2 (continued) 

Key:  NA = Not Applicable; NC = Not Calculated (to be added at a later date); UNK = Unknown 
 
Sources: 
1. City GIS Database 
2. Balance Hydrologics Report (see Appendix E) 
3. City of Berkeley General Plan, 2002 
4. CH2MHill Report, 1994 
5. San Francisco Estuary Institute, Hydrology Estimates in Small Urbanized Watersheds Paper, 

2010 
6. Email Communication, W. Wong, Public Works Engineering – Streets & Sidewalk Group, 

May 26, 2009 
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RECOMMENDATIONS FOR WATERSHED CONDITIONS 

2.1 Global Climate Change Monitoring: Monitor and review scientific reports and 
information on Global Climate Change, and amend WMP as appropriate. 
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CHAPTER 3: LOW IMPACT DEVELOPMENT/ 
GREEN INFRASTRUCTURE 

A variety of stormwater management strategies can be employed to achieve the stated 
goals of the WMP. This chapter describes technologies and methods currently available 
to the City as well as property owners, developers, and residents. As new approaches 
become available and accepted, they will be added to the watershed management best 
management practices.  

LOW IMPACT DEVELOPMENT/GREEN INFRASTRUCTURE OVERVIEW 

Low Impact Development (LID) and Green Infrastructure (GI) describe a strategy that 
emphasizes conservation and the use of distributed, small-scale stormwater controls to 
mimic natural hydrologic patterns in residential, commercial and industrial settings. GI is 
the term used for LID measures the City can undertake within the public right-of-way. 
LID/GI measures entail managing runoff as close to its source as possible using 
landscape-based practices to promote the natural processing (removal of pollutants) of 
runoff by filtration, infiltration, adsorption, and/or evapotranspiration. 

LID/GI also provides runoff volume and velocity reduction benefits, which become most 
effective when used on a wide scale, or in combination with other means and methods. 
This approach can lead to cost savings in the form of reduced traditional stormwater 
conveyance infrastructure. LID/GI practices also protect downstream resources from 
adverse pollutant and hydrologic impacts that can degrade stream channels and harm 
aquatic life.  

LID/GI TYPES and EXAMPLES 

There are four fundamental types of LID/GI best management practices (BMPs), which 
can be applied within the he public right-of-way, institutional facilities, or on lot-level  
property (public or private) as appropriate. These are categorized as Site Planning 
BMPs, Building BMPs, Street/Sidewalk Retrofit BMPs, and Landscape BMPs. The 
following is a summary of the different categories. 

Site Planning BMPs 

(also known as ―Conservation Design‖) 
Site Planning BMPs are important because planning occurs prior to earth-moving and 
construction activities. Use of Site Planning BMPs minimizes the generation of runoff by 
preserving open space and pervious surfaces. Site Planning BMPs preserve important 
features on the site such as wetland and riparian areas, forested tracts, and areas of 
porous soils. Proper planning can enhance natural drainage patterns and preserve the 
infiltration capacity of the existing soil. Examples of Site Planning BMPs include: open 
space preservation, reduced pavement widths for streets and sidewalks, and shared 
driveways. 
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Building BMPs 

Building BMPs typically focus on the capture, storage, and potential reuse stormwater 
that is shed from a building. The captured stormwater can be discharged to landscaped 
areas or to existing storm drainpipe infrastructure (as metered flow); or it can be reused 
for non-potable applications as appropriate. Harvested rainwater is chemically untreated 
'soft water' that is suitable for gardens and compost and other non-potable needs, free 
of most sediment and dissolved salts. Building BMPs include rainwater harvesting and 
green roofs. 

A. Rainwater Harvesting 

Rainwater harvesting systems can range from a simple barrel 
(Figure 3-1) at the bottom of a roof gutter downspout to multiple 
cisterns, pumps, and treatment systems. In Berkeley, a simple 
rain barrel system (less than 100 gallons) that collects from a roof 
downspout can be used for outdoor irrigation without permits. 
These smaller units can accommodate a small fraction of roof 
runoff and should be emptied between storms if they are to 
help reduce peak flows. 

Cisterns are larger systems (greater than 100 gallons) and 
may include pumps to move rainwater to the garden or 
thorough treatment systems and plumbing for indoor non-
potable use such as toilet flushing and laundry (Figures 3-2 

and 3-3). In Berkeley, cisterns must be permitted and need a 
zoning certificate if above ground. Linked barrels providing 
over 100 gallons of storage per downspout are also considered a cistern and are 
subject to permitting requirements. More information about the City of Berkeley’s 
Rainwater Harvesting Guidelines can be found on the City’s website: 
www.cityofberkeley.info/ResidentialRainwater.  

Figure 3-1, Simple Rain Barrel 
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Figure 3-3, Residential Cistern, Seattle 

https://rainwise.seattle.gov/city/seattle/solution_brochures/cistern
?lightview=true 

 

B. Green Roofs 

Also known as Eco-Roofs), Green Roofsare 
roofs (entirely or partially) covered with 
vegetation and soils, which improve water 
quality and reduce runoff through filtration, 
absorption, and detention. Modern green 
roofs can be categorized as "intensive" or 
"extensive" systems depending on the plant 
material and planned usage for the roof area. 
Intensive roofs, or rooftop gardens, are 
heavier, support larger vegetation and can 
usually be designed for use by people. 

Extensive green roofs are lightweight, 
uninhabitable, and use smaller plants. 

Green roofs (Figures 3-4 and 3-5) can be installed on most types of commercial, 
multifamily, and industrial structures, as well as on single-family homes, garages, and 
sheds. Green roofs can be used for new construction or to re-roof an existing building. 
Candidate roofs for a ―green‖ retrofit must have sufficient structural support to hold the 
additional weight of the green roof, which is generally 10 to 25 pounds per square foot 
saturated for extensive roofs and more for intensive roofs (San Francisco Public Utilities 
Commission, 2007). Vegetated roofs have a longer life span than standard roofs 

Figure 3-2, Large Cistern at Chicago Center for 
Green Technology 

Source: http://glasscityjungle.com/wordpress  

Figure 3-4, Great City Hall Chicago 
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because they protect the roof structure from ultraviolet radiation and fluctuations in 
temperature that cause roof membranes to deteriorate. (Water Environment Research 
Foundation) 

 
Figure 3-5, Garage Green Roof in Mount Baker 

Street and Sidewalk Retrofit BMPs 

Berkeley has an estimated 49 million sq. ft. of streets and sidewalks comprising the 
public right-of-way. Brekeley streets and sidewalks can be retrofitted to reduce 
impervious surface area and reduce runoff volumes by:  

 Replacing concrete sidewalks with permeable materials. 

 Installing bio-swales within the existing planter-strip area of sidewalks. 

 Installing curb extensions for bio-retention cells. 

 Converting medians and traffic circles to vegetated bio-filtration areas. 

 Replacing impermeable asphalt with permeable surfacing on low volume traffic 
streets. 

 Using open-graded gravels and amended soils as subsurface media for storage 
and treatment. 
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 Installing underground stormwater storage pipes or cisterns that meter outflow to 
the storm drainpipe infrastructure (or for potential non-potable re-use) Additional 
benefits common to most of these BMPs are aesthetic improvements to the local 
neighborhood. 

A. Permeable Paving 

Permeable paving may be constructed of three basic material types: 
Porous concrete, Porous asphalt, and Pervious Joint Pavers. 
Porous concrete (Figure 3-6) and porous asphalt (Figure 3-7) often 
look the same as their conventional counterparts but are mixed with 
a low proportion of fine aggregates, leaving void spaces that allow 
for infiltration. Permeable joint pavers (Figure 3-8) themselves are 
impervious, but gravel- or grass-filled voids in between 
the blocks allow stormwater to enter the subbase.  

Permeable paving is primarily used in parking lots, 
driveways, sidewalks, and roadways with low-traffic speeds and volumes. When used in 
as a driving surface, permeable paving systems must be designed to support the same 
loads as conventional paving to support the weight and forces applied by vehicles. When 
using pervious joint paving in pedestrian or bicycle lane applications, tightly spaced non-
chamfered (beveled-edge) unit pavers provide the smoothest surface for wheel-chairs 
and cyclists. Some patterns and orientations also provide a smoother surface. 

The amount of drainage from the subbase to native 
soils depends on the permeability of the existing soil. 
In full exfiltration systems, all stormwater is expected 
to exfiltrate into the underlying subsoil. Partial 
exfiltration systems are designed so that some water 
exfiltrates into the underlying soil while the remainder 
is drained by an overflow device to prevent ponding. 
No exfiltration occurs when the subbase is lined with 
an impermeable membrane and water is removed at 

a controlled rate through an overflow device. Tanked 
systems are essentially underground detention 
systems and are used in cases where the underlying 
soil has low permeability and low strength, there is a 

high water table, or there are water quality limitations. (Water Environment Research 
Foundation)  

Figure 3-6, Porous Concrete 

www.nrmca.org/greenconcrete/default.asp  

 

Figure 3-7, Porous Asphalt 
(adjacent to conventional asphalt) 

Source: http://3.bp.blogspot.com 
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Figure 3-8, Pervious Joint Paving in Parking Lanes of Residential Street 

Source: nevue ngan associates, San Mateo County Sustainable Green Streets and Parking Lots Design Guidebook 

B. Vegetated Swales  

Also known as Bioswales, vegetated swales are broad, shallow channels designed to 
convey and filtrate stormwater runoff. The swales are vegetated along the bottom and 
sides of the channel, with side vegetation at a height greater than the maximum design 
stormwater volume.  

Vegetated swales (Figure 3-8) are often 
designed with highly permeable soils and an 
underdrain to allow the entire stormwater 
volume to convey or infiltrate away from the 
surface of the swale shortly after storm 
events. (Water Environment Research 
Foundation) 

C. Tree Well Filters  

A tree well filter’s basic design is a vault 
filled with bioretention soil mix, planted with 
vegetation, and underlain with a subdrain 
(Figure 3-9). However, design variations 

are abundant and evolving.  

Tree well filters are especially useful in 
ultra-urban settings where there is no 
existing planter strip in the sidewalk area. 
This application can also be used in the 
design of an integrated street landscape 
where multiple tree wells are connected 
through piping or other means--a choice 
that transforms isolated street trees into 
stormwater filtration devices.  

D. Hydrodynamic Separator Units  

These are devices used for water quality 
improvement where there is little 
opportunity for landscape-based 

Figure 3-8, Vegetated Swale at Curb Extension 

Source: flickr.com/photos/84977575@N00/2570180671 

Figure 3-9, Typical Tree Well Filter 

ladstudios.com/LADsites/Sustainability/Strategies/Strategies_TreeWell.shtml 
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treatment measures. A Hydrodynamic separator unit (HSU) 
is an underground gross pollutant removal device that 
funnels runoff flow though a circular vault to form a vortex 
that separates floatables and solids from stormwater (Figure 
3-10). The floatables and suspended solids become trapped 
in a sump for removal typically by vactor truck, while the 
screened water is allowed to flow though the device back 
into the drainage pathway. The HSUs are intended to 
screen litter, fine sand, and larger particles that can 
have other pollutants adsorbed to them. They can 
act as a first screen influence for trash and debris, 
vegetative material, oil and grease, and heavy metals. Because these devices can hold 
the separated gross pollutants along with residual water, it is recommended that they be 
serviced soon after storm events to prevent mosquito breeding or the organic 
breakdown and re-suspension of pollutants which may escape the vault as they become 
soluble.  

Landscape BMPs 

Landscape-based BMPs use various arrangements of vegetation and soil media to 
function as filtration devices that remove pollutants through a variety of physical, 
biological, and chemical treatment processes. They also reduce runoff rates by 
detaining stormwater. Landscape BMPs include trees, swales, bioretention cells, and 
open spaces.  

A. Trees 

A healthy tree canopy can provide substantial stormwater management benefits. The 
branches and foliage at the top of a tree can intercept and store about 50-100 gallons of 
rainwater. This not only reduces runoff rates and volumes, but also reduces erosion 
associated with the impact of raindrops on exposed soils. Tree roots create channels in 
the soil, which increase the soil’s ability to store water.  

The City recognizes the important role of trees in stormwater management, plus the 
additional benefits they provide by absorbing CO2 (a greenhouse gas) and shading city 
streets to reduce the urban ―heat island effect.‖ Native trees are well-suited as 
landscape BMPs because of their ability to use large amounts of water when available, 
but can still withstand long periods of reduced soil moisture. Berkeley’s on-going urban 
forestry program, not only supports the goals of the WMP, but also results in cooler 
temperatures, improved aesthetics, and enhanced property values.  

Figure 3-10, Hydrodynamic Separator Unit 

nqenvironmental.cam.au/septic1  
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B. Bioretention Cells 

Also known as rain gardens, Bioretention 
Cells (Figure 3-11) are vegetated depressions 
that can resemble miniature ponds or long 
strips. Bioretention Cells may be lined or 
unlined, depending on site requirements, but 
are typically designed to avoid ponding for 
longer than 24 hours. These measures are 
appropriate for median strips, planter strips 
and curb extensions within the public right-of-
way. They are also appropriate for parking lot 
islands, yard areas, and park spaces. 

Figure 3-11, El Cerrito Rain Garden Project, San Pablo Ave. 

Benefits of LID/GI 

In 2007, the US Environmental Protection Agency released a report called, Reducing 
Stormwater Costs through Low Impact Development (LID) Strategies and Practices. 
This report used 17 case studies of LID/GI projects located throughout the country to 
compare the costs associated with this stormwater management approach relative to 
conventional methods. In addition to this cost analysis, this report provides a summary 
of both the actual and assumed benefits of LID/GI.  

Environmental, Land Value, and Quality of Life Benefits (modified from EPA Report) 
1. Pollution abatement – Urban runoff pollutants are removed through the various 

processes of settling, filtration, adsorption, and biological uptake of stormwater. 
This benefits the receiving waterways by improving aquatic and terrestrial wildlife 
habitat. 

2. Protection of Natural Waterways – Excessive erosion and sedimentation within 
creeks can be reduced through the runoff volume and velocity reductions 
associated with infiltration, detention, and retention. 

3. Groundwater Recharge – Infiltration practices can be used to replenish 
groundwater and increase stream baseflow. Groundwater resources are critical 
as water shortages seem to increase nationwide and globally. Adequate 
baseflow in creeks during dry seasons is essential for the survival of aquatic life. 

4. Water Quality Improvements/Reduced Treatment Costs – As urban runoff is 
processed by vegetated filtration and/or infiltration into native or amended soils, 
the water is cleansed before it reaches stormdrain inlets and pipelines. This 
saves on the costs of installing expensive end of pipe treatment facilities.  

5. Reduced Sanitary Sewer Overflows – LID/GI can reduce wet weather infiltration 
and inflow (I/I) into sanitary sewer systems though the disconnection of 
downspouts from sanitary sewer lines and directing flow to landscaped areas or 
storage devices. The City of Berkeley is mandated to reduce I/I by Stipulated 
Order of the EPA. 
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6. Habitat Improvements – The addition of increased vegetation through 
decentralized green infrastructure measures can create additional wildlife habitat 
in a densely built city like Berkeley.  

7. Reduced Flooding and Property Damage – The reduction of peak flows and 
runoff volumes associated with green infrastructure can aid the City’s flood 
prevention activities. It also can reduce the hydraulic loading to the city’s already 
stressed stormwater conveyance infrastructure, which is currently operating at or 
near capacity.  

8. Aesthetic Value – LID/GI relies on landscape-based approaches that can be 
designed to be attractive amenities to the site. The use of designs that enhance a 
site’s aesthetics can increase property values and result in faster sales due to the 
perceived value of ―extra‖ landscaping.  

9. Public Spaces/Quality of Life/Public Participation – Placing water quality 
practices on individual lots or at surface level in the public right-of-way provides 
opportunities to involve residents in stormwater management and enhances 
awareness of water quality issues. 

LID/GI Constraints 

To ensure long-term functionality and minimize unintended negative impacts, it is 
important to understand the limits and site-specific constraints associated with LID/GI 
approaches. When selecting LID/GI measures, the following factors should be considered 
(further detailed information on these techniques, including sizing, location, design, and 
maintenance can be found in the Alameda Countywide Clean Water Program’s C.3 
Stormwater Technical Guidance Handbook, Version 2.0, cleanwaterprogram.org/ ): 

 Space/Real Estate Requirements – Surface-level space is at a premium in the 
built out City of Berkeley. LID/GI measures must be sized appropriately to 
provide the desired stormwater treatment, flow volume control, and/or storage 
capacity for future non-potable re-use. A rule of thumb for many landscaped-
based measures is that the space needed is 4-6% of the drainage area being 
captured.  

 Soils – Soils and subsoil conditions are critical to LID/GI effectiveness. These 
conditions affect infiltration rates, vegetation growth, and surface loading 
capacities. The use of underdrains can provide positive subdrainage for 
bioretention practices located on clayish soils. Use of infiltration practices can 
threaten groundwater quality if high levels of soil contaminants are present. 

 Slopes – The steeper the slope, the higher the erosion potential and flow 
velocities. Many LID measures are limited to slopes under 5-10%. Infiltration 
measures are not appropriate for steep slopes or in areas of landslide hazards. 

 Water Table – The general criterion is to provide at least 10 feet of separation 
between the bottom of the GI measure and the top of the seasonally high water 
table elevation. Also, the potential for contamination should be considered.  
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 Proximity to Foundations – Care must be taken not to locate infiltration 
measures too close to building foundations and other structures. Considerations 
include distance, depth, and slope.  

 Existing Utilities – Much of the GI opportunity sites are located where gas, 
electric, water, sewer, and telecommunication conduits are. Care must be taken 
to avoid disrupting these utilities when constructing and maintaining GI 
measures.  

LID/GI Pollutant Removal Efficiency Matrix 
Over the last 10-15 years, numerous municipal agencies2 across the nation have used 
LID/GI BMPs (in varying degrees) as stormwater management strategies. The high 
costs of laboratory analyses and rigorous technical quality assurance and quality control 
requirements inhibit many agencies’ abilities to scientifically monitor the pollutant 
removal performance of LID/GI BMPs. However, over time there has been enough 
monitoring data collected and analyzed to characterize the relative effectiveness of 
these measures. Table 3-1 provides a ―High‖, ―Medium‖, ―Low‖ scorecard of expected 
pollutant removal efficacy for various LID/GI BMPs.  

BMP TYPE 

Pollutant Removal/Avoidance Effectiveness – Water Quality 

Trash Sediments Nutrients Metals 
Oil & 
Grease 

Organics Bacteria 

Bioretention Cell¹ H H H H H H H 

Vegetated Swale¹ L M M M M M L 

Permeable Paving¹* H L H H H L L 

Green Roof¹ H H M H H H H 

Cistern¹ H H H H H H H 

Hydrodynamic 
Separator Unit2 

H M L L M L L 

H = High; M = Medium; L = Low; NA = Not Applicable; ND = No Data 

*assumes no exfiltration to native soils 

¹Source: Low Impact Development Standards Manual, County of Los Angeles, 2009  
2Source: California Stormwater Best Management Practices Handbook for New Development and 
Redevelopment, CASQA, 2003 

Table 3-1, Pollutant Removal Effectiveness of LID/GI Types 

                                            

2
 Green Infrastructure strategies have been adopted and piloted by cities such as Portland, Seattle, Los 

Angeles, Santa Monica, San Francisco, Chicago, Washington D.C., and Philadelphia. Each has 
implemented demonstration projects to better understand the effectiveness and costs of these methods. 
Some have developed guidelines and programs for integrating GI/LID methods into their existing design 
review, capital improvement, and maintenance activities. A commonality among most of these cities is 
that they have combined stormwater/sanitary sewer systems (CSS). Cities with a CSS are under 
regulatory requirements to reduce overflows and have a funding resource through Sanitary Sewer fees to 
undertake these innovative approaches. 
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LID Hydrologic Impacts 
Two fundamental goals of the WMP are to reduce urban flooding and protect natural 
waterways and habitat. Table 3-2 provides a summary of the hydrologic impacts of 
various LID/GI BMPs. All categories under ―Hydrologic Impacts‖ provide benefits 
associated with these goals. 

BMP TYPE 
Hydrologic Impacts 

Runoff Volume Reduction Peak Flow Reduction Groundwater Recharge* 

Bioretention Cell¹ H H H 

Vegetated Swale¹ M L M 

Permeable Paving¹* L H L 

Green Roof¹ L H L 

Cistern¹** M L L 

Hydrodynamic 
Separator Unit¹ 

NA NA NA 

H = High; M = Medium; L = Low; NA = Not Applicable; ND = No Data 

*assumes infiltration to native soils, no subsurface storage 

**varies depending on size of storage unit 

¹Source: Low Impact Development Manual for Southern California, Low Impact Development Center, 2010  

Table 3-2, Hydrologic Impacts of LID Types 

LID/GI BMP Siting Considerations 

Landscape-based LID/GI measures rely on some degree of runoff holding (residence) 
time to promote maximum vegetative uptake and/or filtration through soil media. Thus 
these BMPs need certain amount of surface level area for effectiveness. Stormwater 
capture and storage measures require a much smaller footprint, but should also be 
sized approximately to meet reuse needs or should be frequently discharged to 
accommodate runoff from the next storm. Detailed information on sizing criteria can be 
found in the Alameda Countywide Clean Water Program’s C.3 Stormwater Technical 
Guidance Handbook, Version 2.0, 2010.  

Some land use types provide excellent opportunities for LID/GI retrofits, while others will 
need site-specific analysis to ensure that  BMPs will not contribute to the mobilization of 
pollutants (such as industrial areas, where there may be existing soil contamination) or 
create potential public safety hazards (such as permeable paving in high volume travel 
lanes of streets).  

Table 3-3 provides a summary of available space needs associated with various LID 
BMPs. It also provides a general summary of the suitability of LID BMPs by land use 
types, including Residential (Res.), Commercial (Com), Industrial (Ind.), and 
Recreational/Institutional (Rec/Instit). The streetscape category includes sidewalks, 
streets, alleys, and medians. 
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BMP TYPE 

Site Suitability: Space Needed and Potential Land Use Applications 

Space 
Needed 

Res. Com. 
High-

Density 
Ind. 

Rec/ 
Instit 

Street 

Scape 

Bioretention Cell¹ M H H L H H H 

Vegetated Swale¹ M H H L H H H 

Permeable Paving¹ L H H H L H L-H** 

Green Roof¹ L H H H H H NA 

Cistern¹ L H H H H H NA*** 

Hydrodynamic 
Separator Unit 

L M H H M L H 

H = High; M = Medium; L = Low; NA = Not Applicable; ND = No Data 

**Primary source describes permeable paving applicability in streets as “limited,” as recognized in the 
WMP. However use of permeable paving is suitable for the City right-of-way on a site-specific basis. 

***Primary source describes capture and reuse as not applicable to streets. However, the storage 
pipes described in the GI Approaches section below can be considered cisterns (with a potential for 
reusing stored water in the City right-of-way). 

¹Source: Low Impact Development Manual for Southern California, Low Impact Development Center, 
2010 Low Impact Development Standards Manual, County of Los Angeles, 2009  

Table 3-3, Space Needs for LID Types 

RECOMMENDATIONS FOR LID/GREEN INFRASTRUCTURE  

3.1 San Pablo Stormwater Spine Project: participate in grant-funded multi-City 
demonstration project installing LID retrofits on San Pablo Avenue sites from 
Oakland to Richmond. The City is a partner in this grant-funded effort spearheaded 
by the San Francisco Estuary Partnership to identify, design, install GI retrofits 
along San Pablo Ave with each site treating one acre of impervious surface run-off.  

3.2 LID/GI Coordination Opportunities with other Public Works Programs: seek 
opportunities for incorporating LID/GI measures as a standard element in the 
design and implementation of various Public Works projects and programs. The 
City undertakes numerous capital improvement projects annually to enhance 
transportation, public safety, community aesthetics, environmental processes, and 
internal and external services. The City can and should be a model for others to 
follow in designing and implementing LID/GI BMPs for future projects.  

Potential PW programs to coordinate with include: 

3.2.1 Streets & Sidewalks Group: The reconstruction of streets and sidewalks can 
incorporate Landscape and Street & Sidewalk Retrofit BMPs 

3.2.2 Sanitary Sewer Group: Disconnecting roof drain downspouts from sanitary 
sewers is one preferred method of reducing infiltration and inflow (I/I) to the 
sanitary sewers, which can become overwhelmed during the wet season 
rains. The Downspout Disconnection Program can promote the use of LID 
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measures (such as rain barrels, cisterns or landscape-based BMPs) for 
properties subject to disconnection.  Connections are currently being 
investigated through smoke-testing.   

3.2.3 Buildings and Facilities Group: Integrate LID measures into building and 
facility renovations and new construction.  Examples of City projects that have 
LID measures include the new Animal Shelter at Aquatic park (green roof) 
and the Fire Station Warehouse on Folger (rainwater harvesting cistern). 

3.3 Technical Guidance on LID BMPs: Review and edit LID technical guidance 
information distributed at Permit Service Center and public events. Because of the 
cumulative nature of the benefits of LID throughout a watershed, it is important to 
encourage voluntary use of LID BMP installations within the private sector. 
Appropriate and consistent LID BMP guidance information should be available to 
the general public, project proponents (including developers, landscape architects, 
architects, and contractors), and City staff responsible for Plan Check and Design 
Review.  

3.4 Investigate the Potential and Use of ―In-Lieu‖ Pilot Program for LID: the City could 
develop a pilot program to allow for the (partial or full) financing of adjacent public 
right-of-way GI retrofits and long-term maintenance as an ―in-lieu‖ condition of 
approval. While it is always preferable to treat and manage stormwater on-site, in 
ultra-urban settings like Downtown Berkeley it may be challenging to incorporate 
on-site LID measures in design plans due to limited space or other constraints.  
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CHAPTER 4: WATER QUALITY 

This chapter describes the variety of urban runoff pollution prevention activities the City 
currently performs. It also provides an overview of the regulatory framework and 
collaborative approach that helps organize these efforts.  

URBAN RUNOFF POLLUTANTS OVERVIEW 

Urban runoff has been identified as one of the leading contributors of nonpoint source 
pollution3 to ―receiving waters in the United States‖. In Berkeley, urban runoff mobilizes 
the accumulation of various pollutants from land and building surfaces and carries them 
into local waterways and the SF Bay. When pollutants are discharged into local 
waterways or the San Francisco Bay, they can harm fish and wildlife populations, kill 
native vegetation, and make recreational areas unsafe and unpleasant.  

The primary sources of urban runoff pollutants include the following areas and 
operations: industrial and commercial areas; highly active parking lots; material storage 
and handling areas; vehicle and equipment fueling, washing maintenance and repair 
areas; erodible soil; streets and highways; and handling and application of landscape 
maintenance products. (LA Reference of BMPs, 2000, pg 20). The most common urban 
stormwater run-off pollutants include:  

 Sediments – Sediments are soils or other surficial materials transported or 
deposited by the action of wind, water, ice, or gravity, as a product of erosion. 
Primary sources are lands disturbed by a construction activity or heavy rainfall. 
Sediments can increase turbidity, clog the gills of fish, reduce spawning, lower 
the ability of young aquatic organisms to survive, smother bottom dwelling 
organisms, and suppress the growth of aquatic vegetation.  

 Nutrients – Nutrients are inorganic substances, such as nitrogen and 
phosphorous. They commonly exist in the form of mineral salts that are either 
dissolved or suspended in water. The primary source of nutrients in urban runoff 
has been identified as fertilizer products. Discharge of nutrients to water bodies 
and streams can result in excessive aquatic algae and plant growth. As this 
excessive organic matter decays, it can deplete oxygen in the water, leading to 
the eventual death of aquatic organisms.  

 Heavy Metals – At small concentrations naturally-occurring in soil, heavy metals 
(such as lead, mercury, copper, and chromium) are not considered toxic. 

                                            

3 ―Nonpoint source‖ pollution is defined to mean any source of water pollution that does not meet the 

legal definition of "point source" in section 502(14) of the Clean Water Act. "Point source" means any 
discernible, confined and discrete conveyance, including but not limited to any pipe, ditch, channel, 
tunnel, conduit, well, discrete fissure, container, rolling stock, concentrated animal feeding operation, or 
vessel or other floating craft, from which pollutants are or may be discharged. This term does not include 
agricultural storm water discharges and return flows from irrigated agriculture. 
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However, at higher concentrations, certain heavy metals can be toxic. A primary 
source of heavy metal pollution in stormwater is the degradation and leaching of 
commercially available metals and metal products. These metals are also used 
as raw material for fuels, adhesives, paints, and other coatings.  

 Toxic Chemicals – Toxic chemicals are either organic or inorganic substances, 
which at certain concentrations can indirectly or directly constitute a hazard to life 
or health. Some commercially available or naturally occurring toxins include 
cyanides, solvents, organic compounds, and hydrocarbons. For example, the 
excessive application of pesticides may result in runoff containing toxic levels of 
the pesticide’s active component. Also, when rinsing off objects, toxic levels of 
solvents and cleaning compounds can be discharged to the storm drain. Other 
sources of potentially toxic or hazardous substances include: automotive fluids 
that drip and leak from vehicles; illegally discharged motor fluids (such as motor 
oil and radiator fluid); cleanup wastes (such as concrete mixers, paints, 
adhesives, etc.); industrial, sanitary, and animal wastes; and certain types of 
litter.  

 Oxygen-Demanding Substances – Oxygen-demanding substances are those 
substances that require oxygen as part of their natural, biological, or chemical 
processes. The oxygen demand of a substance can lead to depletion of natural 
oxygen resources in a water body and possibly the development of septic 
conditions. Proteins, carbohydrates, and fats are examples of oxygen-demanding 
substances. They can also be referred to as ―biodegradable organics.‖ The 
presence of oxygen-demanding substances in water is measured as biochemical 
oxygen demand (BOD) and chemical oxygen demand (COD).  

 Floatable Materials – Trash (e.g., paper, plastic, polystyrene packing foam, 
aluminum materials, etc.) and biodegradable organic matter (e.g., leaves, grass 
cuttings, food waste, etc.) are considered floatable materials. The presence of 
floatable materials has a significant impact on the recreational value of a water 
body and can potentially impact aquatic species habitat. Excess organic matter 
can create a high biochemical oxygen demand in a stream and thereby, lower 
the water quality of the stream. Also, in areas where stagnant water exists, the 
presence of excess organic matter can promote septic conditions resulting in the 
growth of undesirable organisms and the release of odorous and hazardous 
compounds such as hydrogen sulfide. 

 Oil and Grease – Primary sources of oil and grease are petroleum hydrocarbon 
products, motor products, esters, oils, fats, waxes, and high molecular-weight 
fatty acids. Migration of these pollutants to the water bodies are very possible 
due to the wide uses and applications of some of these products in either 
municipal, residential, commercial, industrial, or construction areas. Elevated oil 
and grease content can decrease the aesthetic value of the water body, as well 
as the water quality.  

 Bacteria and Viruses – Bacteria and viruses are micro-organisms that thrive 
under certain environmental conditions. Water, containing excessive bacterial 
and viral levels, can alter the aquatic habitat and create a harmful environment 
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for humans and aquatic life. This type of water pollution is characterized by high 
coliform bacterial counts. It is typically caused by excess animal or human fecal 
wastes in the water. Also, the decomposition of excess organic waste causes 
increased growth of undesirable organisms in the water. (City of LA , Reference 
Guide for Stormwater BMPs, 2000, pg 3-5) 

EXISTING REGULATORY FRAMEWORK 

Beyond the City’s proactive activities to protect water quality and steward watershed 
resources, there are also water quality regulations and requirements with which the City 
must comply and/or enforce. This section briefly describes fundamental regulatory 
drivers and provides electronic links for further information. The City recognizes that 
there are other regulatory agencies and laws which may be applicable to WMP 
implementation as it relates to water quality 

Municipal Regional Stormwater NPDES Permit (MRP), California Water Quality 
Control Board, San Francisco Bay Region, Order No. R2-2009-0074-NPDES Permit No. 
CAS612008 

The MRP is the current National Pollutant Discharge Elimination System (NPDES) 
Permit under which the City discharges urban runoff. It covers municipal dischargers in 
Alameda (such as the City of Berkeley as a Permittee), Contra Costa, San Mateo, and 
Santa Clara counties, and the cities of Fairfield, Suisun City, and Vallejo. The MRP 
establishes quality and monitoring requirements for discharging urban runoff. These 
requirements include the use of best management practices for new and significant 
redevelopment projects, public education and outreach, industrial inspections, and 
guidance to the City’s own Public Works staff to reduce or remove pollutant loads from 
urban runoff to the maximum extent practicable. The MRP also requires that trash be 
reduced by 40% by July 2014 when the permit expires. Permittees submit annual 
reports evaluating their efforts in meeting the NPDES performance standards. 
swrcb.ca.gov/rwqcb2/water_issues/programs/stormwater/mrp.shtml  

Stormwater Quality Management Plan (SQMP) 

The SQMP describes a framework for the management of stormwater discharges 
designed to fulfill the requirements of the MRP. In the SQMP, performance standards 
are established for each program area component and serve as the reference points 
upon which municipal stormwater pollution prevention effectiveness evaluations and 
consideration of opportunities for improvement are made. (NPDES Permit, Findings, 
pg 5). 

California Porter-Cologne Act, California State Legislature (1969)  
The Porter-Cologne Act is the principal law governing water quality in California. It 
applies to both surface water and ground water. Porter-Cologne establishes the State 
Water Resources Control Board as the statewide water quality planning agency, while 
the nine Regional Water Quality Control Boards are responsible for developing Regional 
Water Quality Plans (basin plans). These statewide and regional plans include the 
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identification of beneficial uses of water, water quality objectives, and implementation 
plans. swrcb.ca.gov/laws_regulations/docs/portercologne.pdf  

Federal Clean Water Act, 33 U.S.C. §1251 et seq. (1972) 
The Clean Water Act (CWA) establishes the basic structure for regulating discharges of 
pollutants into the waters of the United States and regulating quality standards for 
surface waters. The basis of the CWA was enacted in 1948 and was called the Federal 
Water Pollution Control Act, but the Act was significantly reorganized and expanded in 
1972. "Clean Water Act" became the Act's common name with amendments in 1977. 
epw.senate.gov/water.pdf  

 

CITY ACTIVITIES TO PROTECT WATER QUALITY 
The City of Berkeley has been engaged in water quality protection activities such as 
street sweeping, installing and servicing trash receptacles, and cleaning of storm drain 
inlets well before the issuance of the first NPDES Permit. However, the introduction of 
the NPDES Permit established many additional stormwater pollution prevention 
requirements. It also provided a framework for formalizing and tracking the City’s 
stormwater pollution prevention activities. 

Alameda Countywide Clean Water Program 

With the development of the NPDES permit, the City joined other municipalities in 
Alameda County, the county, and its special flood control and water conservation district 
in creating the Alameda Countywide Clean Water Program (ACCWP) in 1991. The 
ACCWP assists its member agencies by developing model policies and programs, 
scientific studies, and materials to educate their respective employees, policy-makers, 
local residents and business communities about stormwater pollution prevention. The 
program is funded by member agencies through contributions proportional to their area 
and population —the City of Berkeley contributes about $100,000 annually. By pooling 
resources and sharing information, all member agencies are continually improving the 
effectiveness of their urban runoff pollution prevention and control efforts. 

There are eight components to the ACCWP:  

1. Planning and Regulatory Compliance  

2. Municipal Maintenance  

3. New Development and Construction Controls  

4. Illicit Discharge Controls  

5. Industrial/Commercial Discharge Controls  

6. Public Information and Participation  

7. Watershed Assessment 

8. Monitoring and Special Studies 

These components are coordinated through subcommittees. All subcommittees report 
to the Management Committee which is the official decision-making body for the 
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ACCWP. The presence of staff from each member agency on subcommittees and the 
Management Committee ensures that program activities and benefits are equitably 
distributed and responsive to agency needs.  

PLANNING AND REGULATORY COMPLIANCE 

This component encompasses the major planning, regulatory compliance, watershed 
management, and administrative activities of the ACCWP and member agencies. This 
includes the development of partnerships with other organizations and agencies with 
compatible objectives, such as the Green Business Program and StopWaste.Org. , 
Under the umbrella of the ACCWP and as an individual permittee, the City engages in 
the regulatory permit development process by reviewing and commenting on draft 
legislation and proposed regulations. Every year, the City submits its Annual Report to 
the SF Regional Water Quality Control Board describing the range of activities 
completed to comply with the MRP. 

MUNICIPAL MAINTENANCE 

General Operations 
The City’s Department of Public Works, Maintenance Division provides the maintenance 
service for streets, sanitary sewers, storm drain pipelines and its appurtenances, and 
City-owned creek culverts. City workers employ BMPs to minimize or eliminate the 
potential discharge of stormwater pollutants in their daily operations. This begins at the 
City’s Corporation Yard and Solid Waste Transfer Station (where vehicles are fueled, 
washed, and serviced; and chemical-products are used and stored) and extends to field 
operations such as road repair, asphalt and concrete removal, and graffiti removal.  

Proper Handling of Materials & Spill Response 
City Maintenance crews often use or handle asphalt and other petrochemical materials, 
paints, solvents, and other products that if mishandled can become environmental 
pollutants. Thus, Maintenance staff are trained in the proper collection and disposal of 
waste materials and chemicals (including recycling when appropriate).  

Maintenance staff are also called upon to contain and clean up non-hazardous spills to 
prevent the discharge of pollutants into storm drains and inlets. Thus, maintenance staff 
are trained for such activities. When dispatched to handle a non-hazardous spill, 
Maintenance staff follow spill response notification and reporting protocols to 
appropriate environmental safety and protection agencies.  

Watercourse Water Quality Maintenance 
There remain only a small percentage of open water courses on City-owned property. 
Within City parks, the Parks, Recreation, and Waterfront Department’s landscape 
gardeners remove litter and service trash receptacles. Additionally, City forces from 
Public Works and Parks inspect and service in-stream trash racks.  

More discussion of the watershed-related maintenance programs are provided in 
Chapter 7. 

Page 93 of 260



Chapter 4: Water Quality page 34 

NEW DEVELOPMENT AND REDEVELOPMENT  

Design Review and Post-Construction Inspections 
New development and redevelopment project design is critical in that it defines the 
scope of a project, including its impacts to site-specific natural resources and the 
potential creation of additional impervious cover. Proposed public or private 
development and redevelopment projects (outside the public right-of-way) are reviewed 
at the City Planning Department’s Permit Service Center (PSC). The PSC provides pre-
application and educational materials containing information on stormwater controls and 
requirements to developers, contractors, construction site operators, and 
owners/builders. Through this process, City staff ensure project designs conform to the 
City’s building codes and design standards, which include impervious area limitations 
and, when necessary, stormwater pollution control measures.  

Where runoff from a proposed project may impact the hydrology of an open creek, the 
project proponent is required to incorporate design measures that prevent additional 
discharge volumes. The City’s Preservation and Restoration of Natural Water Courses 
ordinance (BMC 17.08), also limits a proposed new or redevelopment project’s 
encroachment into the riparian corridor, which provides natural water quality benefits.  

Required stormwater runoff treatment and control measures are expected to be in place 
and maintained over the life of the constructed project. After construction, the City 
inspects a portion of these sites annually to ensure these measures are in place and are 
adequately maintained. The City has authority take enforcement actions for violations 
by its Discharge of Non-Stormwater into the City's Storm Drain System – Reduction of 
Stormwater Pollution ordinance (BMC 17.20).  

Construction Controls 
In addition to issuing Conditions of Approval for private and public projects outside the 
public right-of-way, which may require inclusion of stormwater controls in the project 
design, the City also mandates the construction process follow best management 
practices to minimize or eliminate the discharge of pollutants. This includes requiring 
contractors to submit and follow erosion and sediment control plans, appropriate 
equipment refueling practices, and so on. The City dispatches inspectors to routinely 
visit construction sites to ensure these BMPs are in place and are adequately 
maintained. The City has authority take enforcement actions for violations by its 
Discharge of Non-Stormwater into the City's Storm Drain System--Reduction of 
Stormwater Pollution ordinance (BMC 17.20). 

INDUSTRIAL/COMMERCIAL INSPECTIONS 

Both the Planning Department’s Toxics Management Division (TMD) and the Public 
Health Department’s Environmental Health Services Division conduct routine inspections 
of industrial or commercial business sites that have high potential to be stormwater 
pollution sources. These business types include, but are not limited to: restaurants, dry 
cleaners, corporation yards, automotive repair facilities, gas stations, and photo-
processing and printing shops. Sites are inspected once every three years to ensure 
detergents, cleansers, solvents, food waste grease, oil, liquids from dumpsters, mop 
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water, and pressure washer effluent are properly handled and not discharged to storm 
drains or creeks. The City has authority take enforcement actions for violations by its 
Discharge of Non-Stormwater into the City's Storm Drain System--Reduction of 
Stormwater Pollution ordinance (BMC 17.20). Enforcement actions are taken against 
non-compliant businesses.  

ILLICIT DISCHARGE CONTROL ACTIVITIES 

The Public Works Department is tasked with removing illegally dumped material. 
Annually, 160 tons of materials, debris and waste are dumped on the streets of Berkeley. 
The cost to clean up illegal dumping is over $100K a year. The Public Works Department 
conducts additional targeted litter control activities, such as the hand sweeping and 
steam-cleaning of sidewalks in designated areas of the City (i.e. Downtown, San Pablo 
Avenue, Telegraph Avenue, South Berkeley, and North Shattuck). Approximately 360 
tons of materials are collected and disposed of through the City’s illegal dumping and 
targeted litter abatement programs. The City also provides and maintains litter 
receptacles in commercial areas and other litter source areas. 

The Toxics Management Division implements the MRP-required Illicit Discharge 
Screening Program by conducting a survey of 10 strategic check points each year in dry 
weather conditions. The screening points include: 

 Potter Outfall 

 University Outfall (behind Seabreeze Market, Strawberry Watershed) 

 Virginia Outfall (Schoolhouse Watershed) 

 Gilman Outfall 

 Strawberry Creek Park (near Corp Yard) 

 Strawberry Creek @ Oxford 

 Codornices Creek at Albina (St. Mary’s College High School) 

 Codornices Creek Park/Rose Garden 

 Capistrano Creek behind Thousand Oaks School 

 Harwood Creek @ Brookside Ave. (located near the Oakland border, off of 
Claremont, and is the Temescal Watershed) 

By ordinance the discharge of non-stormwater into storm drains and watercourses is 
prohibited. Reports of non-stormwater discharges to the 311 customer service system 
are routed to the appropriate City Department for investigation and enforcement. The 
Department of Public Works or the Planning Department’s Building and Safety Division 
staff respond to construction-related discharges. Environmental Health inspectors 
respond to restaurant and sewage related discharges. The Toxics Management Division 
responds to hazardous substance discharges. 

PUBLIC INFORMATION AND PARTICIPATION 

The diffuse sources of urban runoff pollutants (many generated by activities outside the 
City’s control, such as over-use of pesticides and fertilizers) make them particularly 
difficult to minimize or eliminate. As the general public becomes more aware of the 
sources and impacts of non-point source pollution, individual and community behaviors 
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and actions that contribute to the problems are likely to change. In addition to its 
numerous maintenance activities, commercial and industrial business inspection 
programs, and design and construction requirements, the City also strives to increase 
public awareness about stormwater pollution prevention.  

The City participates in fairs and public events (such as the Solano Stroll, the Spice of 
Life Festival, and the Watershed Poetry Festival) by staffing information booths to 
provide information and explanation on BMPs and alternative methods for pest control, 
automobile maintenance and washing, animal care, etc. intended to reduce urban runoff 
pollution. For the 2011 Berkeley Bay and Earth Day Festivals, city staff emphasized a 
pesticide-use reduction message by distributing non-toxic pest control recipes, coupons, 
and other educational materials.  

As part of its Group Activities, the ACCWP also develops regional, countywide, and 
local public outreach campaigns and materials. This can take the form of targeted 
outreach, educational pamphlets and booklets, or public service announcements in 
electronic and print media. The ACCWP also funds school-based programs and awards 
small grants ($5,000 maximum) for local community watershed stewardship activities. 

Volunteer Opportunities 
The City also encourages citizens to volunteer in activities designed to reduce or 
eliminate water pollution. These activities include:  

 Storm Drain Inlet Stenciling: Public Works staff provide safety training, maps, and 
equipment needed for volunteers to paint the ―No Dumping, Drains to Bay‖ 
message onto storm drain inlets. Volunteers typically include school groups, 
community-service organizations, and environmental stewardship organizations. 
This message is designed to make people aware that storm drain inlets are not 
trash receptacles. The City will use a new metallic medallion with a similar 
message on storm inlets in commercial areas this year. The medallions should 
last much longer that painted stencils, which tend to wear out after a few years.  

 Adopt-A-Drain Program: On-going program where a citizen or business commits 
to proactively removing accumulated debris and litter from around a particular 
(set of) storm drain inlets. Public Works staff provide safety training and 
equipment needed for volunteers to rake, scoop, and bag debris for City pick-up. 
There are about 70 Adopt-A-Drain volunteers throughout the City.  

 Coastal Clean-Up: annual event where Berkeley citizens and city forces (Parks 
and Recreation and Public Works) work to collect and count litter and debris from 
Berkeley’s shoreline and Aquatic Park Lagoons. This effort is combined with 
shoreline and watercourse clean-up activities across the state to ascertain the 
amounts and types of litter most common in local waterbodies. This information 
is used to develop local and state policies designed to curb these pollutant 
sources. Plastics, food packaging, and cigarette butts are consistently at the top 
of items removed.  
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 UC Berkeley Community Enhancement Projects Days: Up to three times a year, 
the University of California and the City of Berkeley partner to provide hundreds 
of student volunteers for community enhancement projects around the City. 
These volunteer efforts usually include a few dozen volunteers dedicated to 
cleaning around and/or stenciling storm drain inlets, often in areas around the 
UCB campus.  

 Open Space/Watercourse Stewardship: The City coordinates with and supports 
the efforts of citizen-based, non-governmental groups wanting to provide 
additional maintenance or approved improvements to City-owned open spaces or 
creeks on City-owned property. These efforts can include weed abatement, trash 
collection, trail building, and planting activities.  

The City conducts annual trash clean up and assessment activities at three Hot 
Spots along waterbodies, as a requirement of the MRP. The goal not only is to 
remove trash, but also to quantify the volume and identify the dominant types of 
trash removed. The 3 Hot Spots are:  

1. Brickyard Cove, Bay shoreline just south of University Avenue. 
2. Aquatic Park Main Lagoon, north-east shoreline from Touchdown Plaza 

towards Bancroft. 
3. Codornices Creek, from Second Street upstream to UPRR. 

The work is performed by volunteers under supervision of City staff either during 
the Coastal Clean Up or scheduled separately. Volunteer groups also perform 
clean-up activities along these sites on other occasions, without the coordination 
or supervision of City staff.  It is recommended the City develop Volunteer Trash 
Assessment Protocols so non-supervised volunteer groups can collect trash data 
that the City can use to monitor rates of accumulation, likely sources, and 
volumes removed. 

ACCWP Group Activities 

The implementation of most MRP requirements is left to the individual municipalities. 
However some MRP components are more practicably conducted under the umbrella of 
the ACCWP as Group Activities. These include Watershed Assessment, Monitoring and 
Special Studies, and elements of Public Outreach. This is because assessment results, 
study findings, and outreach campaigns are generally applicable to multiple jurisdictions 
within the county. In this same vein, other Countywide Clean Water Programs around 
San Francisco Bay collaborate on regional efforts through the Bay Area Stormwater 
Management Agencies Association (BASMAA).  

WATERSHED ASSESSMENT 

The focus of this component is on characterizing landscape-level attributes of 
watersheds and streams within Alameda County, with consideration of beneficial uses 
and management issues specifically tied to physical, biological, or social conditions in 
individual watersheds.  

Page 97 of 260



Chapter 4: Water Quality page 38 

Using pilot watersheds throughout the county, the program has identified indicators and 
benchmarks for evaluating the conditions of an urban creek’s beneficial uses. These 
indicators and benchmarks include: measurements of individual pollutants, 
characterization of the amount and timing of creek flows in relation to preciptiation, and 
surveys of diversity and composition of plant and animal communities living in creeks and 
adjacent riparian areas.  

MONITORING AND SPECIAL STUDIES  

This program component addresses pollutants and problems that tend to be uniformly 
distributed in urbanized areas where study and management areas are greater than the 
individual watershed scale. The results of the water quality monitoring and related 
activities are used to focus collective and individual member-agency actions that reduce 
pollutant loadings to protect and enhance receiving waters and to comply with 
regulatory requirements. 

The Clean Water Program conducts or participates in are numerous on-going 
monitoring and special study efforts, including: 

 Regional Monitoring Program for Trace Substances (RMP): collaborative effort 
with the San Francisco Estuary Institute (SFEI) involving collection and analysis 
of data on pollutants and toxicity in water, sediment, and biota of the Estuary  

 Status Monitoring/Rotating Watersheds: seasonal sampling program conducted 
on a rotating-watershed basis to assess biological characteristics, general water 
quality, chlorine levels, temperature, water column toxicity, sediment-based 
toxicity and pollutants, pathogen indicators, and stream surveys.  

 Pollutants of Concern (POC) Monitoring: assesses inputs of POCs to the Bay 
from local tributaries and urban runoff. It is also assesses progress toward 
achieving wasteload allocations for Total Maximum Daily Loads (TMDL) and 
helps resolve uncertainties associated with loading estimates.  

 Long-Term Trends Monitoring: assesses long-term trends in pollutant 
concentrations and toxicity in receiving waters and sediment to evaluate if 
stormwater discharges are causing or contributing to toxic impacts on aquatic life.  

The findings of the monitoring programs have lead to the establishment of TMDLs by 
the Water Board for diazinon and pesticide toxicity in urban creeks, mercury, and PCBs. 
The Water board also plans to establish TMDLs for other pollutants of concern such as 
PBDEs, Legacy Pesticides, and Selenium. The ACCWP continues to conduct and 
participate in targeted Pollutant of Concern studies, reduction plans, and programs to 
identify pollutant levels and potential sources. These include: 

 Pesticide Toxicity Control: Currently the Pesticides of Concern include: 1) 
organo-phosphorous pesticides, 2) pyrethroids, 3) carbamates, and 4) fipronil. 
The Program coordinates with BASMAA, the Urban Pesticide Pollution 
Prevention Project, and the Urban Pesticide Committee to track data, express 
concerns, and request consideration of its issues in federal and state insecticide 
registration decisions. The Program also participates in the ―Our Water, Our 
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World‖, a point-of-purchase campaign that encourages retailers to stock and 
promote the sale of less-toxic alternatives to pesticides. The ACCWP prints and 
distributes pesticide-related brochures, fact sheets, and informational guides, as 
well as financing the development of regional and local Advertising campaigns 
aimed at reducing the use of pesticides  

 Sediment Bound Pollutants (Mercury, PCBs, legacy pesticides, PBDEs): The 
Water Board has established a TMDL for Mercury and one pending approval for 
PCBs. The Program conducts special Mercury & PCB monitoring programs and 
pilot projects to evaluate: the abatement of sources in drainages, enhancement 
of sediment removal and management practices, on-site treatment practices, 
diversion of first-flush flows to wastewater treatment facilities, and quantification 
of loads and loads reduced to name a few).  

 Copper Controls: The Program participates in the Brake Pad Partnership, a 
collaborative process to reduce copper discharged from automobile brake pads.  

Additional monitoring and special studies that are to be undertaken in response to the 
requirements of the MRP include: 1) stressor/source identification as follow-up to 
monitoring results, 2) Best Management Practices (BMP) effectiveness investigations, 
3) geomorphic data collection for creeks, and 4) sediment delivery estimations to 
determine sediment volumes entering the bay from local tributaries, 5) studies on 
emerging pollutants such as endocrine-disrupting compounds and estrogen-like 
compounds, 6) and citizen monitoring and participation. 

Additional City Policies Relevant to Water Quality Protection 

Integrated Pest Management (IPM) 

The City has maintained an Integrated Pest Management (IPM) approach since 1988 
with its Revised Pest Management Policy, Resolution No. 54,319-N.S. The policy 
assumes that pesticides are hazardous to human and environmental health, thus non-
chemical management tactics should be employed first. Use of chemicals is to be 
considered as a last resort and must follow the Pesticide Selection Criteria established 
in the resolution.  

Precautionary Principle  

Through its adoption of the ―Precautionary Principle‖ by Resolution Number 62,259-N.S. 
in 2003, and the ―Environmentally Preferable Purchasing Policy‖ by Resolution No 
62,693-N.S.in 2004, the City reaffirmed its commitment to minimizing health risks to City 
staff and residents, minimizing the City’s contribution to global climate change, 
improving air quality, and protecting surface water and groundwater quality.  

Bay Friendly Landscaping 

Established by Resolution Number 64,507-N.S., this policy requires new development, 
redevelopment, or renovation projects initiated by the City (after August 1, 2009) with 
greater than 10,000 sq. ft of landscaping to achieve the minimum Bay-Friendly 
Landscape Scorecard points into their design and implementation. Other City projects, 
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not meeting the 10,000 sq. ft. threshold, are required to achieve the most Bay-Friendly 
Scorecard points as practicable. These Bay-Friendly Scorecards and associated 
Guidelines, developed by StopWater.org (formerly the Alameda County Waste 
Management Authority), promote green landscaping as a whole-systems approach 
designed to conserve natural resources, reduce waste, minimize water and pesticide 
use, and reduce stormwater run-off. Further, green landscaping also creates wildlife 
habitat, protects local ecosystems, promotes native plant species, and reduces 
maintenance needs. 

RECOMMENDATIONS FOR WATER QUALITY PROTECTION ACTIVITIES  

4.1 ACCWP Planning and Regulatory Compliance activities, including: Management 
Committee and subcommittees, Watershed Assessment Program, and Monitoring 
and Special Studies – continue at existing level 

4.2 New Development and Redevelopment Controls – continue at existing level 

4.3 Industrial/Commercial Discharge Inspections & Controls – continue at existing level 

4.4 Illicit Discharge Control Activities – continue at existing level 

4.4 Private Property LID Promotion - Examine Policy Option to Reduce 
Hydromodification and C.3 Thresholds.  Explore the potential impacts (to staff 
resources and property owners) of reducing existing threshold requirements that 
trigger the use of LID and other stormwater management techniques to avoid 
hydromodification and increased runoff.   

4.5 Trash Assessment Protocols – develop Trash Assessment Protocol guidance for 
volunteers.   Trash collection activities are conducted by volunteer groups 
throughout the tear.  Sometimes these events take place in the designated Hot 
Spots, without supervision by City staff.  With the proper protocols available, non-
supervised volunteer groups can collect trash data that the City can use to monitor 
rates of accumulation, likely sources, and volumes removed.   
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CHAPTER 5: CREEKS  

In the WMP, ―creek‖ is synonymous with ―open channel‖, ―open watercourse‖, ―natural 
watercourse‖, and ―stream‖. The term ―creek‖ is defined in the BMC Chapter 17.08 as a 
watercourse that: 1) carries water from either a permanent or natural source, either 
intermittently or continuously, in a defined channel, continuous swale or depression, or 
in a culvert that was placed in the general historic location thereof; and 2) the water 
either merges with a larger watercourse or body of water, or is diverted into an 
engineered structure that does not follow the general historic course of creek. A "creek" 
does not include any part of an engineered structure developed for collection of storm or 
flood waters (e.g. a storm drainpipe) that does not follow the general historic course of a 
creek. A "permanent or natural source" includes a spring, artesian well, lake, estuary, or 
a rainfall drainage area that covers at least one-third acre (14,520 square feet). 

The protection of natural waterways and aquatic habitat is identified as a goal of the 
WMP. This chapter reviews: the benefits of open watercourses, the City’s regulations to 
protect creeks, the City’s role in Floodplain Administration, and the responsibilities of 
property owners with creeks and creek culverts on their property. Finally, this chapter 
gives an overview of general creek functions and their associated habitats.  

BENEFITS OF OPEN WATERCOURSES 

The City recognizes the importance and benefits of creeks, as set forth in BMC Chapter 
17.08. This ordinance states that the desired condition of creeks within the City includes 
natural stream banks and a corridor of natural vegetation. This is to support channel 
stability, natural ecosystems, water quality, and physical attributes of natural 
watercourses. Creeks and their associated natural habitats provide myriad water 
resource and ecological benefits to both humans and wildlife. A summary of these 
benefits is provided below: 

 Stormwater/flood control – A healthy creek corridor can detain stormflow 
volumes and reduce flow velocities, thereby moderating flooding and protecting 
downstream areas. Aquatic vegetation slows the flow of water through physical 
resistance while features such as bank terraces can provide additional storage 
capacity. 

 Water quality – Wetlands vegetation can protect and enhance water quality by 
removing toxins, such as oils, herbicides, and pesticides, and excess nutrients 
and sediments from influent water.  

 Groundwater recharge – By slowing the flow of water, vegetation facilitates 
groundwater recharge by increasing residence time, allowing water to seep into 
the soil and enter underlying aquifers. 

 Wildlife habitat – Structural complexity and rejuvenation are maintained by 
flooding and channel movement, contributing to the diversity of wildlife species in 
riparian corridors. Wildlife utilizes these corridors for roosting, breeding, foraging, 
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and refuge. High-value riparian habitat has a dense and diverse canopy structure 
with varied vegetation heights creating complex microhabitats. 

 Aquatic habitat – Roots, fallen logs, and overhanging branches from riparian 
vegetation create diverse habitats and cover for fish, aquatic insects, and 
invertebrates. Bed substrate is also used by fish for redd (spawning nest) 
construction. 

 Temperature – Overhanging trees and other riparian vegetation shade streams 
and reduce water temperatures, particularly during the summer months when 
streamflow is typically lower. Elevated water temperatures can be stressful or 
lethal to many insects, amphibians, and fish species. 

 Erosion control and channel stability – Riparian and aquatic vegetation can 
help minimize erosion and sedimentation, stabilizing stream banks with their root 
systems. Excessive erosion can undercut stream banks and reduce channel 
complexity. Channel incision can lead to reduced groundwater levels. Excessive 
sedimentation can reduce the capacity of the channel to carry floodwaters and 
can smother fish spawning and foraging areas. 

 Recreation opportunities – Habitat restoration along creeks and wetlands can 
include trails and other recreation opportunities to enhance visitors’ enjoyment of 
the area, such as bicycling, walking, jogging, and bird-watching. As an innovative 
example, the recently constructed Codornices Creek Restoration project between 
Eight and Sixth Streets incorporates an outdoor classroom feature. 

 Existence value – Existence value refers to the value of the watershed as a 
natural resource, outside and irrespective of human values. 

 Water supply – Headwater tributaries and lower stream corridors provide and 
convey fresh water sources for humans and wildlife, both through conveyance of 
runoff and exchanges with underlying aquifers. 

CURRENT STATUS OF CREEKS  

Open Creeks 
According to the City’s GIS database, there are approximately 8 miles of open creeks 
within Berkeley city limits (Table 5-1). About 10% (less than 1 mile) of this total length is 
on City-owned property. The remaining 7 miles are located on private property. The 
Berkeley Hills retain the majority of open watercourses within the City limits (Cerrito 
Creek, Blackberry Creek, Capistrano Creek, Codornices Creek, Strawberry Creek, Derby 
Creek (Potter Watershed), and Harwood and Vicente Creeks (Temescal Watershed). 

Creeks are complex, interdependent systems where actions in one location may have 
significant impacts either upstream or downstream, regardless of property lines. More 
data is needed to further refine the WMP in regards to preserving and enhancing creeks 
and their associated habitats. Because the majority of open watercourses flow thorough 
private property, access to conduct creek and habitat condition investigations would 
require the permission of the property-owners. 
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Volunteer-based Creek Assessment Pilot Program 

The City could develop a pilot program for using trained volunteers using Global 
Positional System (GPS) equipment to collect in-stream and creek bank features 
(physical conditions and habitat data) for mapping and analyses.  This information can 
be used to improve the City’s GIS maps, refine future hydraulic modeling efforts, and 
identify common concerns across property lines.  This pilot program would start on 
Codornices Creek.   

Creek BMP Guidance Materials 

Information generated from future data collection efforts can help the City identify 
common problems and opportunities. It can also help tailor guidance materials the City 
can develop to help property owners make informed creek management decisions. 

Creek Culverts  
There are approximately 7.35 miles of active creek culverts within city limits (Table 5-1). 
About 60% (just over 4 miles) of this total length is on City-owned property, mostly 
where streets cross over creek corridors. The remaining 3.15 miles of culverted creeks 
are located on private property.  

Table 5-1, Creeks and Creek Culverts by Watershed 

Wherever an open or culverted creek traverses city-owned property, the City is bound 
by the same regulations as any other property-owner. If the City desires to restore a 
length of creek or construct a facility in or adjacent to a creek or creek culvert, it too 
must obtain and pay for a Creek (Culvert) Permit. The City is also responsible for 
obtaining any other necessary permits from regional, state, and federal agencies as 
appropriate (including, but not limited to the California Department of Fish and Game, 
the Regional Water Quality Control Board, and the US Army Corps of Engineers).  

Creeks & Creek 
Culverts by 
Watershed 

C
it

yw
id

e 

C
er

ri
to

 

M
ar

in
 

C
o

d
o

rn
ic

es
 

S
ch

o
o

lh
o

u
se

 

S
tr

aw
b

er
ry

 

P
o

tt
er

 

T
em

es
ca

l 

W
ild

ca
t 

Estimated Open Creek Length (ft) 

Total 42,139 5,063 6,116 15,477 1,690 7,092 2,254 4,447 0 

City Property 3,010 211 508 1,873 0 298 0 120 0 

Private Property 39,129 4,852 5,608 13,604 1690 6,794 2,254 4,327 0 

Estimated Active Creek Culvert Length (ft) 

Total 35,059 2,220 4,284 11,435 2,309 9,501 3,037 1,848 426 

City Property 19,959 924 3,066 6,083 1,287 5,796 1,676 1,127 unk 

Private Property 14,674 1,297 1,218 5,351 1,022 3,705 1,360 721 unk 
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The City, like any other property owner, is also responsible for the maintenance and 
stewardship of those portions of the creek or creek culvert on its property. This is further 
discussed in Chapter 7. Whether within the public right-of-way or on other city-owned 
property where the creek centerline defines the City’s jurisdictional boundary, 
maintenance responsibilities are either shared with the neighboring municipality or 
wholly the responsibility of one jurisdiction. 

Creek Culvert Conditions Assessment Program 

A Closed Circuit Television (CCTV) Investigation program, using remote camera 
technology and certified confined spaces personnel, is needed for physical conditions 
assessments of creek culverts under the right-of-way or on City property. This program 
would help the City identify and determine of the extent of needed repairs and to 
prioritize and budget for these needs. This program should strive to investigate 20% of 
the city-owned creek culverts annually. This would begin with the Potter and the 
Codornices Watersheds, to understand how needed repairs may impact the 
rehabilitation portion of the Capital Improvement Program in Chapter 8. 

Creek Culvert Rehabilitation Program 

Based on results of hydraulic modeling and CCTV investigations, the City would 
develop a Creek Culvert Rehabilitation Plan (CCRP). The CCRP would identify and 
prioritize any needed repairs.  

Private Creek Culverts 

Creek culverts on private property are a concern because of their age and lack of 
maintenance. Many property-owners are unaware that culverts are their property. The 
City receives numerous calls from property owners and potential buyers looking for 
information about creek culverts. Many creek culverts were installed by private 
developers to expand buildable space prior to 1929 when the City began requiring 
permits for their construction. The City generally does not have record of most of these 
private structures other than location locations on historic maps.  

CITY REGULATORY ROLES 

As an entity, the City of Berkeley has three primary regulatory roles related to creeks: 1) 
Compliance and Enforcement of MRP pollution prevention requirements, 2) Creek 
Protection Ordinance Compliance and Enforcement, and 3) Floodplain Administration.  

MRP Compliance 

Urban Creeks that are tributary to the San Francisco Bay have been designated as 
―impaired‖ by diazinon and trash by the San Francisco Bay Regional Water Quality 
Control Board (SFBRWQCB).  A Total Maximum Daily Load (TMDL) allocation, 
expressed in toxic units and diazinon concentrations, has been established for all urban 
runoff. The City has already adopted and continues to implement an Integrated Pest 
Management Policy (Resolution No. 54,219-N.S., 1988) that directs a less-toxic 
approach to pest management. The MRP also establishes trash-related Receiving 
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Water Limitations, requiring municipal permittees to take actions to reduce trash loads 
by 40% by 2014. These issues are further discussed in Chapters 4 and 7.  

Open watercourses are protected by Hydromodification Management (HM) 
requirements mandated by the MRP and are implemented by the Planning Department. 
HM requirements currently target new and redevelopment projects that create and/or 
replace one acre or more of impervious surface. It prohibits any increased stormwater 
discharges from such projects that could affect creek bank and/or bed erosion, silt 
generation, and other potential adverse impacts to the receiving watercourse. City staff 
also inspect all required HM controls to ensure they are being properly operated and 
maintained over the life of the project. Additional discussion of MRP requirements is 
provided in Chapter 4.  

Creek Protection Ordinance 

In 1989, the City passed an ordinance which established development setbacks to 
maintain a riparian buffer zone.  The ordinance was further revised in 2006 to reflect the 
recommendations of the Creeks Task Force, a City Council-created body charged with 
studying the existing regulations and proposing policy.  The latest version includes a 30 
foot setback from the centerline of an open creek for new development, although some 
expansion of existing buildings may occur within 25 feet of an open creek with issuance of 
an Administrative Use Permit.  Construction within 15 feet of the centerline of a culverted 
creek is regulated to ensure that the project and the culvert will not have a negative 
impact on each other and to ensure appropriate setbacks that promote safety and allow 
access for maintenance and repair. The current ordinance and guidelines for compliance 
are available on the City’s webpage: www.cityofberkeley.info/CreeksOrdinance. 

Distinction between Creek Culverts and Storm Drains 
The City provides many services to its residents such as maintaining storm drain pipes 
in the right-of-way and performing flood investigations related to creeks. However, 
creeks are the responsibility of the owner of the property within which the creek lies. A 
few of the major differences between creeks and storm drain pipes are: 

 Most creeks and creek culverts retain the name ―creek‖ in their name. 

 The alignment of creeks and creek culverts follow closely the original path of the 
creek. Most storm drain pipes follow street alignments. 

 Creeks and creek culverts are generally constantly fed by natural sources. Storm 
drain pipes are generally empty except during and immediately after rainstorms. 

 Creeks provide habitat value. Storm drain pipes do not. 

 Creek culverts were typically built (a) by private developers to enlarge the 
buildable space on private lots, or (b) by the City to allow a street to pass over a 
creek. Storm drain pipes are public structures under streets designed to carry 
stormwater runoff. 
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Floodplain Administration 

Flood zone development in the city is regulated through implementing the requirements 
set forth in BMC Chapter 17.12—Flood Zone Development. This chapter was last 
updated by Ordinance No. 7,108—N.S. in September 2009. The requirements of BMC 
17.12 make flood insurance available to homeowners, renters, and business owners in 
the City, through the federally backed National Flood Insurance Program (NFIP). BMC 
17.12 establishes procedures for reviewing new and redevelopment projects, 
administering changes to the Flood Insurance Rate Map (FIRM), and processing 
appeals and variances. 

Watercourse Flooding – Investigation & Assessment 

In cases of emergency, the City is often the first responder. The City performs 
Watercourse Flooding – Investigation & Assessment site visits regardless of property-
ownership as a matter of public safety. These investigations often seek to determine 
additional circumstances above and beyond natural causes leading to damages. The 
City may undertake enforcement activities on the responsible party if it is found that 
negligent maintenance or other preventable condition contributed to the damages.  

CREEK RESTORATION 

Creek restoration can encompass a range of objectives and activities. At minimum, 
restoration includes reestablishing native riparian plant communities on creek banks to 
naturally enhance bank stability, habitat, and water quality. Restoration can also include 
more intensive measures to reestablish natural channel form (cross-sectional 
dimensions, meander pattern, and profile) while maintaining or increasing flow capacity. 
This type of project is typically done to move the creek towards an equilibrium state 
where it is transporting both water and sediments without excessive deposition or 
erosion. When the physical form and vegetation are restored, the creek ecosystems are 
rejuvenated.  

In urban settings, creek restoration reaches are often defined by upstream and 
downstream creek culverts which serve as fixed controls. Often times the creek reach 
between these control points crosses several property lines, necessitating coordination 
and partnerships.  

The City has engaged in numerous creek restoration and stewardship projects over the 
years either as a project lead or project participant. This includes the 1986 daylighting of 
a 220’ reach of the Strawberry Creek culvert in the creation of Strawberry Creek Park, 
between Addison and Bancroft Streets. This project is widely considered to be the first 
daylighting project in the country.  

Joint Watershed Goals Statement 
In 1996, the City—in partnership with the cities of Albany, El Cerrito, and Richmond, 
and the East Bay Regional Park District, and the University of California—adopted a 
Joint Watershed Goals Statement, committing each entity to cooperate closely to 
achieve the following goals: 
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 Restoring creeks by removing culverts, underground pipes, and obstructions to 
fish and animal migration 

 Restoring creek corridors and natural transportation routes with pedestrian and 
bicycle paths along creekside greenways; wherever possible using creekside 
greenways to connect neighborhoods and commercial districts east of the 
Interstate 80 freeway to the shoreline of San Francisco Bay and the San 
Francisco Bay Trail. 

 Restoring a healthy freshwater supply to creeks and the bay by eliminating 
conditions that pollute runoff and eliminating conditions that prevent groundwater 
recharge 

 Instilling widespread public awareness of the value of developing infrastructure 
along lines that promote healthier watersheds and watershed oriented open 
spaces where nature and community life can flourish. 

Lower Codornices Creek 
The City is a partner with the City of Albany and UC-Berkeley in the long-range 
planning, implementation, and maintenance of restoring a ½ -mile stretch of Codornices 
Creek from San Pablo Avenue to the UPRR railroad tracks (Third Street). Thus far the 
project has completed three phases, restoring the creek corridor from the railroad tracks 
to 8th street. In addition to restoring meanders, modified floodplain terraces, and native 
riparian vegetation, this effort also includes construction of a bicycle/pedestrian trail and 
an outdoor classroom.  

Additional locations on Codornices Creek have been identified as candidate restoration 
sites, pending agreements with partners and property owners and securing funds to 
design, implement, and maintain. These sites are: 

 Eastshore Hwy Rd to UPRR tracks 

 Vacant Lot on Kains Avenue 

WATERCOURSE FUNCTIONS & ASSOCIATED HABITATS4 

Natural water courses are innate features of watersheds, occurring in topographical 
depressions where surface runoff and groundwater contribute to channel forming flows. 
The channel form is further dictated by a complex combination of climatic conditions, 
geology, and ecology. Bay Area creeks originate in elevated headland areas and flow 
toward the Bay plain at a rate relative to slope or gradient and the volume of surface 
runoff or discharge. During travel across the alluvial fan, stream velocity generally 
declines, water temperatures and turbidity tend to increase, and the channel bottom 
changes from rocky to muddy (McNaughton and Wolf 1973). At the Bay, discharge into 

                                            

4
 The following descriptions of Bay Area Watercourse Functions, Associated Habitats, Common Impacts, 

and Linkages Between Hydrology, Geomorphology, Water Quality and Habitat are taken from Chapter 2 
of the Watershed Management/Habitat Protection and Restoration Component of the San Francisco Bay 
Area Integrated Regional Water Management Plan, created in 2006 by Jones and Stokes. Some minor 
changes have been made to the text to be more descriptive of Berkeley conditions. 
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tidal marshlands forms a salinity gradient from brackish to saline, depending on the 
volume of discharge from streams.  

Creeks can be divided into the following categories, which generally describe their 
function within a watershed. 

 Ephemeral: Channel contains flow for short periods of time during a rainfall 
event or immediately after the event and become dry between events.  

 Intermittent: Channel contains flowing water seasonally and is supported by 
direct runoff as well as sub-surface baseflow. In the dry summer months, there is 
no flow, but isolated pools may persist.  

 Upper Perennial: Generally located in the zone between mid to lower 
watershed, there is no tidal influence and some water flows throughout the year. 
The substrate consists of rock, cobbles, or gravel with occasional patches of 
sand. Gradient and velocities are lower than in the upper watershed intermittent 
systems, though steeper than the lower perennial and tidal zones, and there is 
very little floodplain development. 

 Lower Perennial: Found in the lower Bay watersheds approaching the tidal 
zone, the water velocity is slower than the upper perennial reaches. There is no 
tidal influence, and some water flows throughout the year. The substrate consists 
mainly of sand and mud. Oxygen deficits may sometimes occur. The fauna is 
composed mostly of species that reach their maximum abundance in still water. 
The floodplain is well developed. 

 Tidal: The gradient is low and water velocity fluctuates under tidal influence. The 
streambed is mainly mud with occasional patches of sand. Oxygen deficits may 
sometimes occur. Historically, the floodplain along the tidal front was broad, but 
in much of the Bay Area today, these floodplains are more restricted due to 
levees, roadways and other human development. 

 Habitat Types: From headwaters to confluence, open creeks create a wide variety 
of habitat settings. In addition to aquatic and riparian habitats, adjacent upland 
vegetation plays an important role in watershed ecosystems. Many bird and 
terrestrial species use both upland and wetland areas for different lifecycle needs, 
and connectivity among these areas is essential for sustaining wildlife populations. 

Creeks (Riverine) 

Water flows, velocity, depth, and tree shading determine the quality of riverine habitats. 
Due to the Mediterranean climate, nearly all Bay Area streams experience very low 
flows and nearly dry up at some point. Because of the intermittent nature of flows, water 
temperatures in mainstem riverine habitat are not constant. In general, small, shallow 
streams tend to follow but lag behind air temperatures, warming and cooling with the 
seasons as well as the day/night cycle. Creek with large areas exposed to direct 
sunlight are warmer than those shaded by trees, shrubs and high, steep banks. The 
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eddying and churning of high-velocity water over riffles and falls results in greater 
contact with the atmosphere, and thus a high oxygen content. In polluted waters, deep 
holes, or low velocity flows, dissolved oxygen is lower (Smith 1974). This habitat 
supports 1) the water-loving flora (alders, willow, etc) which comprise the riparian zone, 
2) benthic macroinvertebrate organisms (BMI) which are aquatic animals, such as the 
nymph stage of damsel flies and dragonflies, worms, crayfishthat generally feed on the 
vegetative detritus of leaf fall, 3) fish and birds, who feed on the BMI.  

Codornices Creek still supports a native population of rainbow trout as well as steelhead 
salmon (Oncorhynchus mykiss) (Keir Associates, 2007) (Leidy, 2007), which is federally 
designated as a threatened species.  

Riparian 

Riparian habitat is found along rivers and streams, as well as lakes, ponds, reservoirs 
and other water bodies or drainages. Riparian ecosystems are generally characterized 
by increased structural diversity, as compared to surrounding plant communities (Manci 
1989). Live oak, big leaf maple, California bay, and Fremont cottonwood are typical 
dominants of riparian habitats in the Bay Area. Tree cover provides hiding places for 
aquatic species to escape predation, increased substrate for food items and for egg 
attachment. Shading produces lower water temperatures which benefit many aquatic 
species. Tree litter contributes organic substances to the aquatic system (Brooks et al. 
2003). The range of wildlife that use riparian habitat for food, cover, and reproduction 
includes amphibians, reptiles, birds, and mammals. Terrestrial species that benefit from 
the region’s riparian zones include: raccoons, striped skunk, coyote, deer, gray fox, 
bobcats, and mountain lions. These habitats are critical for at-risk or protected species 
including the bald eagle, golden eagle, Swainson’s hawk, Cooper’s hawk, foothill 
yellow-legged frog, and steelhead salmon. 

Tidal Wetlands 

Tidal wetlands are characterized as salt or brackish marshes. Tidal wetlands extend 
from moist grasslands and riparian habitats downstream to intertidal sand and mud flats 
along the Bay margins. Salt marsh vegetation is generally found immediately adjacent 
to the Bay and along the margins of associated creek and slough channels where the 
water is relatively saline. Plant species composition is dependent on elevation, and level 
and frequency of inundation relative to the daily tidal cycle. The lower portions of the 
marsh (below mean high water) are inundated more frequently and typically support 
monotypic stands of California cordgrass. The mid-portion of the marsh is inundated 
less frequently (mean high water to mean higher high water) and is typically dominated 
by pickleweed, as well as Jaumea and the parasitic salt marsh dodder. The upper 
portions of the marsh (above mean higher high water) are inundated infrequently and 
support an assemblage of plant species that are adapted to drier, more saline 
conditions, including alkali heath, sea lavender, salt grass, marsh gum plant, and brass 
buttons. 

Waterfowl, herons, egrets, rails, gulls, terns, and a variety of shorebird and songbird 
species all use tidal wetlands habitats for foraging and nesting. Tidal wetlands are also 
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often the preferred habitat for specialized groups of insects and other invertebrates that 
rely on a saline environment. Wetlands are important habitat for at-risk Bay Area 
species including the California clapper rail, California black rail, western snowy plover, 
California least tern, song sparrow, salt-marsh common yellowthroat, salt-marsh harvest 
mouse, harbor seal, steelhead, and Chinook salmon.  

Uplands Habitats 

Uplands habitats consist of adjacent lands that are important to wetland and riverine 
ecosystems, but that are not typically inundated by surface water. Uplands habitats 
throughout the Bay Area typically include grasslands, oak woodland, and mixed 
evergreen forest. In Berkeley, the Oak-Woodland ecosystem dominates. Oak 
woodlands are an integral part of watershed ecosystems as they provide important 
foraging, roosting, and breeding habitat for many species of amphibians, reptiles, birds, 
and small mammals. Representative species associated with oak woodlands include 
southern alligator lizard, gopher snake, red-tailed hawk, California quail, acorn 
woodpecker, western jay scrub, California ground squirrel, and black-tailed deer (Goals 
Project 1999). 

Common Impacts to Creeks & Associated Habitat 

Flow Regime, Channel Incision and Aggradation 

Flow volumes also determine the resulting amount of in-stream and riparian habitat, as 
creek bed material, channel morphology, and flow hydraulics affect habitat quality for 
aquatic species (Young 2001). Changes in the physical characteristics of in-stream and 
floodplain habitats can lead to associated changes in local species composition and 
diversity. With increased in flow volume and velocities associated with urbanization, 
peak storm events scour the channel bed, mobilizing and transporting bed material 
downstream, reducing the quality and quantity of habitat (e.g., fish spawning5 gravels, 
and redds6). 

While creeks are more commonly known for their water transport capabilities, they also 
transport sediment. Stream channels undergo continuous modification (plan form, 
slope, and cross-sectional dimensions) through processes of erosion or deposition of 
bank and bed materials. Watershed enhancement or restoration projects should take 
into account the incision and deposition characteristics of a particular creek.  

Though incision (down cutting of the creek bed through stream flow erosion) can occur 
due to natural processes, in the Bay Area most channel incision is attributed to human 
land uses. High flows can result in sorting of bed sediment on riffles and point bars, as 
well as abrasion across the bedload surface and/or riparian and aquatic plants (Brookes 
1995). Scouring of the bed and banks and around structures is accompanied by 
subsequent deposition of sediment elsewhere in the watershed, both of which can 

                                            

5
 Spawning refers to the reproductive process of aquatic animals (not including mammals) that release or 

deposit eggs and sperm, usually into water 
6
 A Redd is a depression in the gravel of a spawning stream where a female lays her eggs. 
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increase maintenance costs. Channel incision often occurs where less overbank flow 
occurs (typically areas where the creek is disconnected from its natural floodplain). In 
many cases, changes in channel morphology associated with incision (i.e., smaller 
width to depth ratio) result in development of a narrow steep-banked channel with low 
species diversity and low habitat complexity. 

Bed aggradation occurs in creeks, mostly in Bay plain settings where eroded materials 
from watershed headwaters are deposited. Downstream reaches typically aggrade due 
to high sediment yields carried downstream from incising reaches as well as breaks in 
channel slope at the alluvial fan. Aggradation can lead to reductions in channel 
capacity, thereby creating flood hazards in downstream reaches. 

Surface Runoff and Erosion 

Runoff and erosion processes are key factors affecting creek bed and bank stability, 
and the quality of aquatic and riparian habitat systems. Erosion can cause degradation 
of downstream water quality (turbidity), embeddedness of streambed substrate, 
reservoir sedimentation, and bank erosion and bed degradation in downstream reaches 
(Brooks et al. 2003).  

One of the most obvious linkages in a watershed is the relationship between surface 
runoff and sedimentation caused by erosion. The materials that constitute a floodplain, 
e.g., alluvial fans, point bars, and river beds, illustrate the sediment transport process 
whereby flowing water picks up mineral grains of various sizes and deposits them 
elsewhere (Dunne and Leopold 1978). Suspended sediment is the greatest surface 
water non-point-source pollutant on a volumetric basis for California watersheds 
(Charbanneau and Kondolf 1993). Reduction of erosion and sedimentation is a key 
watershed management component of watersheds that support populations of 
anadromous fish.  

Flooding and Overbank Flows 

Because of their effects on channel morphology, floods of various sizes are important 
determinants of the structure of aquatic and riparian habitats. In the channel, flooding 
creates stress on the streambanks, disturbs vegetation, and dislodges bottom-dwelling 
fauna. This natural cycle contributes to species composition and diversity within a 
watershed (Young 2001). Floods recruit large woody debris to the channel and 
determine the frequency of major habitat disturbance in the in-stream environment. 
Floods also drive the water regime in many floodplain environments (although 
groundwater and local runoff also play a role) and hence determine the range of plant 
communities. 

Groundwater Recharge 

Aquifers generally surface at springs, seeps, and stream channels, where they release 
surface water to flow downstream within the channel. The flow of a creek in dry 
weather, and therefore the width of the nearby riparian zone, is often derived from water 
released from an aquifer. Groundwater recharge contributes water to an aquifer that 
may then provide base flows within creeks during the dry season. The flow 
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characteristics and water quality of creeks are dependent on the processes of 
infiltration, percolation through the soil profile, and movement by underground flow 
paths through riparian areas (Holmes 2000). Recharge of groundwater is particularly 
important for areas that withdraw water supplies from groundwater wells (not generally 
applicable in Berkeley). Excessive drawdown of an aquifer for human uses can 
indirectly impact the condition of riparian habitats by reducing or eliminating base-flow to 
streams. 

RECOMMENDATIONS FOR CREEKS 

5.1 Floodplain Administration Duties: continue at current level of service. 

5.2 Watercourse Flooding Investigations: continue at current level of service. 

5.3 Preservation and Restoration of Natural Watercourses: continue at current level of 
service. 

5.4 Creek Culvert Condition Assessment Program – Perform condition assessment 
investigations on 20% of City owned creek culverts annually. Thus the entire City 
would be covered in 5 years. The process would begin again after the 5 years, 
providing opportunity to prioritize replacement and rehabilitation opportunities 
based on need. This will also enable the City to track the rate of deterioration. 
Characteristics such as pipe shape, invert elevations, length, and construction 
materials obtained from the condition assessments will be input into the City’s GIS 
database. 

5.5 Creek Culvert Rehabilitation Program – Based on results of hydraulic modeling and 
CCTV investigations, the City would develop a Creek Culvert Rehabilitation Plan 
(CCRP). The CCRP would identify and prioritize any needed repairs.  

5.6 Creek Restoration – Identify, seek partnerships, and grant funding for creek 
restoration and stewardship projects. Identify capital improvement funds that can be 
available as ―matching funds‖ for grant programs. 

5.7 Volunteer GPS Creek Assessment Program – Pilot open watercourse assessment 
program on Codornices Creek, using trained volunteers to collect physical 
conditions and habitat data with Global Positional System (GPS) technology with 
permission of private property owners. This data can be used to further refine future 
hydraulic modeling efforts and identify common concerns across property lines. 

5.8 Creek Guidance Materials – Provide creekside property owners with best 
management guidance for stewardship. 
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CHAPTER 6: STORM DRAIN FACILITIES 

A fundamental component of watershed management planning is the consideration of 
the City’s storm drain pipe infrastructure, which is designed to intercept, collect, and 
convey stormwater runoff from the public right-of-way either directly to the Bay or to 
nearby watercourses that ultimately discharge into the Bay. This infrastructure accepts 
runoff from public and private facilities (such as buildings, parking lots, and driveways) 
while protecting them from chronic inundation associated with wet weather. Much of the 
storm drain pipe infrastructure is over 80 years old and well past its useful life 
expectancy.  

STORM DRAIN PIPES & APPURTENANCE TYPES 

In assembling the WMP, staff analyzed the GIS database of the city’s storm drain 
infrastructure components. In addition to providing a general location of these facilities, 
the City’s GIS database is set up to store information on various characteristics of the 
system components such as: date constructed, material used, dimensions, and slope. 
Many of these data fields are empty and will require a proactive data gathering effort to 
backfill. Currently, the database gets updated from as-built information of construction 
projects, observations by City staff, as well as field information gathered by the City’s 
surveyors and private surveyors.  

The City’s storm drain infrastructure inventory includes nearly 100 miles of underground 
pipelines, and their attendant appurtenances. These features are further described below:  

 Pipelines (nearly 100 miles): Generally located under the public right-of-way, 
these are the primary conveyance conduits of the City’s gravity-controlled storm 
drainage infrastructure. The pipe materials and shapes vary, often indicating the 
era in which they were built, as design standards and building materials evolved. 
Thus, the existing array of pipes shapes include: circular, egg, horse-shoe, and 
box. The range of materials used to fabricate the pipes include: vitrified clay, 
(reinforced) concrete, corrugated metal, ductile iron, steel, asbestos cement, 
plastic, polyvinyl chloride (PVC), and (high density) polyethylene (PE or HDPE). 
Pipe dimensions typically range from 6‖ to 108‖ diameter.  

 Manholes (1,200): Extending from surface (street) level to the invert elevation 
(inside bottom) of pipelines, these shaft-structures are designed to provide 
convenient access for inspection, maintenance, and repair of storm drain 
pipelines. Manholes can also be designed to allow for multiple pipe intersections, 
ventilation, and pressure relief. In Berkeley, the typical manhole is constructed of 
brick or concrete with a cast iron cover fitting snuggly against the manhole rim-
frame.  
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 Curb & Gutters: Raised concrete or stone border along a roadway (curb) and a 
channel (gutter) that directs runoff into an inlet or catchbasin or other stormwater 
conveyance 

 Inlets (515): There are several different inlet types used to intercept and convey 
surface runoff into the pipelines. These include curb opening inlets, grate inlets, 
curb and grate (combination) inlets, which are all generally located in the curb 
and gutter of the public right-of-way. Inlet types and placement (often at 
intersections) are selected using factors that consider not only hydraulic 
conditions, but also likelihood of clogging, traffic considerations, and 
pedestrian/bicycle safety. Inlet clogging with leaf-litter and debris is the most 
frequent cause of localized flooding in the city. 

 Catch Basins (2,840): These shaft-shaped structures serve as inlets to the 
storm drain pipelines.  

 Cross-Drains (1,450): Shorter conduits often located at the corners of 
intersections to convey gutter flows beneath the corner at a 45-degree angle 
rather than around a 90-degree turn. Cross-drains are also used at to convey 
gutter flows beneath the crown of a cross street to the downstream gutter.  

 Valley Gutters (63): These are very shallow concrete swales used to at 
intersections to convey gutter flows past the cross-street to the next downstream 
gutter. These surface-level facilities are more expensive to install, but much 
easier to maintain than cross-drains.  

 Wyes and Tees (962): Wyes and tees describe the general shape of specialty 
pipes used to connect one underground pipe to another.  

 Outlets (238): Outlet structures are used where storm drain pipes end at 
receiving waters.  

STORM DRAIN PIPE FACILITIES EXISTING CONDITIONS 

Moderate to heavy rainstorms can cause localized flooding in storm drain facilities. This 
is due to a number of contributing factors including: 

 Conveyance capacity  

 Tidal effects of the Bay  

 Age and physical condition  

 Obstructions (from leaves and debris) (see Chapter 7) 

 Street gradient changes  (see Chapter 7) 

 Tree root damage (see Chapter 7)  
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Design Storm 

A design storm is a mathematical representation of a precipitation event that reflects 
local conditions for the design of storm drain pipe infrastructure. It provides guidance for 
computing flows and sizing infrastructure (such as pipes, curbs & gutters, and valley 
gutters). Design storm criteria provide for consistency in the design of public (City) and 
private storm drain improvements. Design storms are defined by their duration, total 
rainfall depth, temporal patterns, and special characteristics (such as average spatial 
distribution, storm movement, and spatial development and decay).  

The City of Berkeley design storm characteristics are summarized in this Table: 

Recurrence Interval7 Total Rain Fall (in) Duration (hr) 

10-yr 2.03 6 

25-yr 2.44 6 

 

Conveyance Capacity 

Conveyance capacity describes the hydraulic volume or flow that the storm drain pipe 
infrastructure is designed to convey without flooding. The use of a 10-year design storm 
is appropriate for most of the Berkeley because it is applied to drainage areas under 
1,000 acres. The 25-year design storm is recommended for storm drain trunk lines that 
drain areas 1,000 acres or more; this applies only to the Potter Watershed (Adeline/ 
Woolsey to the Bay) and the Strawberry Watershed (Curtis/University to the Bay).  

When precipitation from storm events cause stormwater runoff at volumes larger than 
the 10-year design storm, localized flooding and nuisance ponding can occur. 

Hydraulic Modeling 

Hydraulic models are tools used to quantify the conveyance capacity of drainage 
pathways within a watershed. These models are computer-generated representations of 
predicted flows and drainage pathways associated with various storm event sizes. 
While empirical evidence of flooding at certain locations is readily available, hydraulic 
models are able to analyze the entire drainage network within a watershed. They can be 
used not only to analyze existing conditions, but also to evaluate the expected hydraulic 
effects of potential modifications.  

                                            

7 Storms are classified by intensity (inches of rain fall in a given time), duration (how long the storm lasts), 

and recurrence interval. Recurrence interval may be expressed as a ―2-year‖ or ―5-year‖ or ―100-year‖ 
storm. This means that statistically a storm of a given duration and intensity can be expected to occur   
every 2, 5, or 100 years. The probability that a 100-year storm or greater can occur in any given year is 
1%; a 25-year storm probability is 4%; a 10-year storm is 10%; a 5 year storm is 20%; and a 2-year storm 
is 50%.  A 2-year storm is less severe than a 5-year storm; a 5-year storm is less severe than a 10-year 
storm and so on. It is possible to have a 25-year event two years in a row or even within the same year. 
(City of Pocatello, www.pocatello.us/se/documents/2000_SWMP/chapter-05.pdf). 
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The hydraulic modeling efforts conducted thus far (see Chapter 8) have led to the 
development of various Capital Improvement Project recommendations, which are 
predicted to resolve many flooding problems within the subject watersheds. Hydraulic 
modeling of the remaining watersheds is needed to determine the existing capacity of 
storm drain pipe infrastructure and develop recommended Capital Improvement 
Projects for each watershed.  

Capital Improvement Projects (CIP) Program 

The term ―Capital Improvement‖ is often used to describe any construction-related work.  
However, in the context of stormdrain pipe facilities, the WMP breaks construction 
activities into two distinct categories: 1) Rehabilitation and 2) Capital Improvement. 

1. Rehabilitation (Rehab) describes construction-related work to correct structural or 
physical defects to maintain proper functioning and extend the useful life of existing 
storm drain pipe infrastructure. This can include various methods and means, such 
as:  

 Correction of specific problems in a certain section of pipe (―Point Repairs‖). 

 Reinforcement of the inside of an existing pipe with a hardened membrane (―Slip-
lining‖).  

 Replacement of a pipe with another pipe with the same hydraulic capacity.  

2. Capital Improvement (CI) is any construction project that increases the hydraulic 
capacity of the storm drain pipe infrastructure. This can include various methods and 
means, such as: 

 Construction of new storm drain pipe infrastructure that expands the network. 

 Construction of pump stations or retrofit of pipes to operate under pressurized 
conditions to force more discharge through the same size pipes. 

 Enlargement of storm drain pipes by replacing existing pipelines with larger 
pipelines (―Upsizing‖). 

 Construction of detention facilities, such as Green Infrastructure/storage measures.  

PW Maintenance and Engineering Divisions keep a list of repair and nuisance locations.  
This list is updated each year. Projects are prioritized based on potential for property 
damage and public safety issues. Projects are implemented as funding is available.    

CCTV Inspection Program 

As aging stormdrain pipe infrastructure deteriorates, defects can become more 
pronounced. Typical defects can be divided into two categories: 1) structural and 2) 
physical condition. Structural issues include cracks, factures, breaks, holes, joint offsets, 
and sags. Physical condition-related defects include root intrusion, infiltration, debris 
accumulation, obstructions, and material deterioration.  

Page 116 of 260



Chapter 6: Storm Drain Facilities page 57 

A CCTV program is used to determine the extent of needed rehabilitation repairs and to 
prioritize and budget for these needs. The number and location of structural and 
physical condition-related problems within the storm drain infrastructure is largely 
unknown. In larger diameter pipes, only specially-trained and certified personnel are 
allowed into the confined spaces to perform visual condition assessments. Otherwise, 
remote camera technology, using CCTV, would be typically deployed to inspect the 
storm drain pipe infrastructure.  

RECOMMENDATIONS FOR STORM DRAIN FACILITIES 

6.1 CIP Program 

6.1.a. Rehabilitation Program: Current Rehab projects come from the list of priority 
projects that have recurring localized flooding issues or present a public 
nuisance.  Projects are implemented based on funding available.  Future 
additional rehab projects would be based on results of hydraulic modeling 
and CCTV investigations. 

6.1.b. CI Program: Recommended CI plans are provided for the Potter and the 
Codornices Watersheds (Chapter 8), which have already been hydraulically 
modeled.  CI planning for the remaining watersheds will be done after 
analyzing the results of future hydraulic modeling of each watershed.    

6.2 Hydraulic Modeling: As funding becomes available, develop hydraulic models for 
all watersheds in Berkeley to determine extent of capacity issues, identify 
constrictions, and evaluate potential capacity gains from pipe upsizing, 
realignments & modifications, and green infrastructure measures. 

6.2.a. The Potter Watershed and the Codornices Watershed have already been 
hydraulically modeled.  Uplands draining into Aquatic Park south of 
Channing are included in the Potter Watershed analysis.   

6.2.b. Remaining Watersheds to be modeled in order of priority: 
1. Strawberry 5. Cerrito 
2. Schoolhouse 6. Wildcat 
3. Gilman 7. Temescal 
4. Marin 

6.3 CCTV Inspection Program: Perform physical conditions assessment investigations 
on 20% of the City’s storm drain pipe infrastructure annually. Thus the entire City 
would be covered in 5 years. The process would begin again after the 5 years, 
providing opportunity to prioritize replacement and rehabilitation opportunities 
based on need. This program will also enable the City to track the rate of 
deterioration. Characteristics such as pipe shape, invert elevations, length, and 
construction materials obtained from the condition assessments will be input into 
the GIS database. 

The first watersheds for CCTV Inspection should be the Potter and Codornices 
Watersheds.  Storm drain pipes that are not included in the CIP recommendations 
(Chapter 8) or are less than 18‖ in diameter in should be investigated.  
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CHAPTER 7: MAINTENANCE 

Drainage pathways (whether natural or engineered) require routine on-going 
maintenance and servicing to ensure long-term function and performance. The Public 
Works Department’s Maintenance Division is the agency most responsible for providing, 
operating, and maintaining the City’s storm drain infrastructure and its water quality 
protection measures. In addition, the Parks, Recreation, and Waterfront Department is 
responsible for creek stewardship in City parks as well as the maintenance of street 
trees and medians. 

PW MAINTENANCE PROGRAM OVERVIEW 

Over time PW staff have become very familiar with the drainage pathways within the City 
right-of-way and their seasonal characteristics. This knowledge helps PW to anticipate 
when and where problems are likely to occur and to allocate resources accordingly. The 
most common concerns are localized flooding and surface ponding often due to: (1) 
blockages, and (2) pipeline defects. PW addresses these problems by conducting on-
going debris removal operations (such as catch basin & inlet servicing and street 
sweeping programs) as well as performing storm drain pipe facility repairs and 
street/curb & gutter repairs as needed. 

PW Maintenance manages its routine and seasonal work by dividing the city into 9 
primary ―storm maintenance‖ districts, and further divides these into 39 smaller 
sub-districts (See Appendix C – Maps, Storm Maintenance Districts Map). This helps to 
efficiently deploy and track the progress of assigned crews, which is especially useful 
prior to and throughout the wet season when areas with known drainage issues are 
patrolled and serviced more frequently.  

PW Maintenance Major Task Categories 

Clean Storm Fund revenue is the primary source of funding for PW Maintenance activities 
related to watershed management. Table 7-1 shows the various existing tasks conducted 
by the Public Works Department as an average percentage of Clean Storm Fund 
expenditures (according to analysis of Fund 831 expenditures from 2004 through 2011). 

Maintenance Division’s Watershed Management-related Tasks (Fund 831): 

FUND 831 EXISTING TASKS 
% of Mtnce 

Budget 

Service Catch Basins (XX3131) 26.8  

Service Inlets/Outlets (XX3137) 23.1 

Storm Repairs (04AD66) 17.7  

Winter Storms (10EM02) & Storm Response (10SD12) 11.7  

All Storm Day (10SD11) 5.6  
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FUND 831 EXISTING TASKS 
% of Mtnce 

Budget 

Service Sidewalk/Tree Root Damage (09AD06) 3.0  

Service Trash Racks (XX3135) 2.6  

Misc. Activities (pothole repair, sand bags, leaf removal, etc) 9.5  

TOTAL 100.0%  

Table 7-1 

Catch Basin and Inlet/Outlet Servicing 

Catch Basin and Inlet/Outlet Servicing includes the routine inspection and removals of 
trash, gravel, silt, and other debris from inlets, catch basins, cross drains, and adjacent 
curb & gutter areas. This task provides both flood and water quality benefits and is an 
established performance standard of the SQMP, described in Chapter 4. The City strives 
to service each storm drain catch basin, cross drain, and inlet/outlet at least once per 
year and as needed according to local conditions. Areas prone to flooding and heavy leaf 
fall receive more service visits than others. Annually 85% of catch basins, cross drains, 
and inlets/outlets are serviced. 

The jet-vactor truck (with a crew of two laborers) is equipped with a high-pressure jet 
flushing devise (for dislodging debris) and a vacuum hose (for removing solids and 
fluids). Cross-drain and Inlet/Outlet Servicing is typically conducted by the ―hand-
rodding‖ crew (one laborer) with hand tools and a utility truck.  

Minor Storm Drain Facility, Curb & Gutter & Street Repairs 

This task includes the repair and replacement of storm drain inlets, catch basins, pipes 
and manholes to correct structural deficiencies and improve drainage. This task also 
includes the temporary and permanent repair of damaged curb & gutters to eliminate 
irregularities caused by tree roots, as well as storm drain facility-related patching of 
potholes, trenches, failed areas, breaks and depressions. These repairs help to maintain 
drainage flow by preventing ponding in addition to improving public safety by providing 
smooth surfaces for pedestrian or vehicular travel.  

Repairs are scheduled on a priority basis based on public safety factors. Determination 
for priority is a made by the Streets Senior Supervisor and the Supervising Civil Engineer.  

Wet Weather Maintenance Programs 

PW Maintenance workforce assignments are shifted just prior to the rainy season 
(typically at the end of October) to ensure that drainage inlets and pathways in the right-
of-way throughout the city are unobstructed. Tasks include: 

 Storm Patrols  

 Sand Bags Program 

 Additional Commercial District Storm Drain Facility Servicing 

 Concentrated Leaf & Debris Clearing (All Storm Day) 

 Trash Rack and Creek Culvert Inspections and Servicing 
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Storm Patrol  

The Storm Patrol services priority areas with a propensity for localized flooding.  The 
Storm Patrol crew proactively looks for flooding from manholes, inlets, or catch basins.  
This crew is also available to respond to dispatched service calls.  

Sand Bags Program 

A limited number free of sandbags are made available for City of Berkeley residents who 
are threatened by flooding. Maintenance crews fill and supply sand bags to local fire 
stations for citizen pick-up. A supply of sandbags is also stored at the Corporation Yard. 
Customers are required to present proof of Berkeley residency and fill out a form 
acknowledging receipt of the sandbags in order to participate in this program.  

Additional Commercial District Storm Drain Facility Servicing  

An additional vactor truck is assigned to clean commercial district streets on a regular 
basis, due to the heavy volume of debris they generate. The districts covered include 
San Pablo, University, Ashby, Adeline, Shattuck, and Telegraph Avenues.  

Concentrated Leaf & Debris Clearing (All Storm Day) 

Initiated in 2006, All Storm Day has evolved into an annual single day event typically 
held in late October or early November. All PW field personnel are assigned to areas 
throughout the city to remove leaf and debris from City curbs & gutters, inlets, and catch 
basins. In addition to personnel using hand tools, the City also deploys mechanical street 
sweepers, utility and dump trucks, and refuse collection trucks to collect and transport 
materials to the Transfer Station. Volunteers are also encouraged to participate in these 
efforts.   

Trash Rack and Creek Culvert Inspections and Servicing 

PW Maintenance crews conduct visual inspections of creek culvert inlets at street 
crossings and also inspect and service trash racks in creeks on public property. Trash 
racks are cleared of debris at this time and after the first storm events.  

Street Sweeping Programs 

Curb & gutters serve as pathways for the transport of many urban runoff pollutants that 
originate from the street, wash off from adjacent lands, or are deposited atmospherically. 
Street sweeping is a service that the City of Berkeley has always provided, initially with 
horse-drawn carts sprinkling dirt roads to keep dust down, and subsequently on an as-
needed basis with voluntary participation by City residents.  

In 1987, City Council adopted Resolution No. 54-513-N.S., which established regular 
street sweeping scheduling and mandatory parking enforcement to ensure effectiveness of 
the Residential Street Sweeping Program. Street sweeping has since expanded to 
commercial and industrial areas as an established performance standard of the SQMP, 
described in Chapter 4. In addition to protecting water quality, routine street sweeping also 
improves community aesthetics and livability, prevents inlet blockages, and increases 
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vehicular safety in wet weather. The City’s Clean Cities program (Fund 820) supports 
street cleaning programs including both mechanical and hand sweeping activities.  

Residential Street Sweeping Program  

This program includes once a month mechanical sweeping of city streets in most 
residential neighborhoods. Local parking restrictions are established on certain days and 
times to maximize the sweeper’s access to the curb/gutter area where pollutants and 
debris accumulate. Sweeping is performed by one mechanical sweeper operator using a 
mechanical street sweeper, which averages 25-35 curb miles a day.  

Residential areas that are not routinely mechanically swept year-round include:  

 Hillside areas, which are excluded due to steep, windy road grades, narrow 
streets or absence of curbs  

 Opt-out areas, where residents were given the opportunity to petition out of the 
program and accept responsibility for cleaning the street curb area (opt-out option 
discontinued in 1994) 

 Selected omitted streets approved by the City Manager due to noise complaints.  

When access to the curb and gutter is available, mechanical street sweeping is the most 
cost effective way of removing leaves and debris from the City streets. The challenge to 
maximizing efficiency is the on-going conflict between parking and sweeping. Where 
parking spaces are at a premium in certain areas of the City, automobile owners often 
choose to pay a monthly fine, rather than move their cars and risk losing the space. 
Those sections of streets cannot be swept effectively. 

Commercial/Industrial Street Sweeping  

Commercial districts, such as San Pablo Ave, University Ave, Downtown/Shattuck, 
Telegraph Ave, and Adeline (So. Berkeley) are serviced by mechanical sweeping service 
three to five times a week. In these high trash-generating areas, the mechanical sweeper 
is deployed at night to minimize conflicts with business hour parking. The Commercial 
Street Sweeper crew (one operator and one mechanical sweeper) currently takes on 
additional routes every two weeks to service Industrial areas. The Industrial area street 
sweeping routes were reduced due to budget constraints.  

Hand Sweeping 

Mechanical sweeping is supplemented in commercial areas by the Clean City Program’s 
BOSS hand-sweeping crews who service the sidewalk, gutters, and tree wells for litter 
pick-up on a daily basis. The hand sweeping crews are comprised of one skilled laborer 
and one laborer with a truck and hand tools (brooms, rakes, etc). This supplemental 
labor force, which can sweep around and between parked cars, is critical due to night-
time parking conflicts which are more prevalent due to mixed-use zoning trends.  
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Mechanical Leaf Removal 

Street sweeping once a month in heavy leaf fall areas is not enough during the winter 
season. Residential streets within heavy leaf fall areas receive additional leaf removal 
services nine months out of the year (August through April). Determination of ―heavy leaf 
fall‖ is based on the age and maturity of the street trees, and density of vehicular traffic, 
Leaf removal operations are performed on a rotational basis with a leaf vacuum machine 
which allows sweeping around parked cars. All areas not in the routine residential street 
sweeping program due to steep road grades, narrow street widths, and absence of curbs 
receive leaf removal services 4 times per year on average.  

Miscellaneous On-Going PW Maintenance Tasks  

The PW Maintenance Department adheres to water pollution prevention best 
management practices in its servicing, washing, and fueling of City fleet vehicles and 
equipment; as well as the storage of hazardous and non-hazardous materials. Waste 
materials and chemicals from field jobs and the corporation yard are disposed of 
properly. The Maintenance Corporation Yard is swept weekly or as needed. Crews are 
trained in the proper response, containment, clean up and reporting of non-hazardous 
spills. These practices are established performance standards of the SQMP, described 
in Chapter 4. 

PRW MAINTENANCE MAJOR TASK ACTIVITIES RELATED TO WMP 

The Parks, Recreation, and Waterfront Department (PRW) also provides on-going 
watershed management-related maintenance services in the public right-of-way. This 
includes maintaining street medians (81 sites) and street trees (approximately 4,000) 
within the public right-of-way. PRW provides a level of service that includes tree pruning, 
young tree care (staking, irrigation, mulch, training), and root pruning for parkway strips 
(also known as planter strips) along sidewalks.  

PRW operates and maintains City Parks and open spaces, including the upkeep, litter 
abatement, and vegetation management of watercourses within city parks. This work, 
which includes wildlife habitat restoration and protection, is conducted by landscape 
gardeners, landscape gardening supervisors using a variety of hand tools, mowing 
equipment, and utility trucks.  

Like PW, the PRW also performs seasonal duties such as providing emergency 
response services (roughly 500 calls per year) to handle public tree hazards and right-of-
way clearing. During the winter season and just prior, PRW inspects and cleans creek 
trash racks, ensures functioning catch basins in parks, and assists PW in clearing street 
drain pipe inlets and catch basins. PRW also assists PW in filling sand bags as needed.  
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NEW MAINTENANCE TASKS  

Full Trash Capture 

To comply with the new Full Trash Capture provision of the MRP (Provision C.10), the 
City must install and maintain full trash capture devices8 servicing a total catchment area 
of 55 acres of commercial areas by July 1, 2014. These devices must handle flow from a 
storm that has a return frequency of one year and one hour duration (1-1 Storm), which 
is a typical storm event. The full trash capture devices currently being tested include 
retrofitting existing catch basins and inlets with various configurations of 5 mm mesh 
screening.  

It is anticipated that subsequent MRP permit cycles will mandate further trash reduction 
requirements (the stated goal in current MRP is 100% trash capture by the July 1, 2022). 

Green Infrastructure Maintenance 

Green infrastructure measures undertaken by the City will need on-going maintenance to 
ensure functionality, safety, and aesthetics as appropriate. These maintenance 
measures can be performed by the Public Works Department or by the Parks Waterfront 
and Recreation Department as mutually determined and funding made available. No 
matter which City departments are ultimately responsible for GI maintenance, 
appropriate personnel will need to be trained to properly perform this role. 

As described in Chapter 3, the GI approaches most appropriate for the public right-of-
way and in parks are: 1) Bioretention cells, 2) permeable paving, 3) underground pipe 
storage (for temporary detention and possible reuse), and 4) hydrodynamic separator 
units. Staff have reviewed technical guidance documents from various municipalities 
both local and from across the country to develop estimated operations and maintenance 
activities associated with these recommended GI measures.  

Bioretention Cells (rain gardens and vegetated swales) 

Maintenance Highlights: 

 Routine trash and weed removal. 

 Must be pruned, mulched, and watered until plants are established. Plants take 
about three years to become established: Year 1 – water frequently, limit pruning 

                                            

8
 Provision C.10 of the MRP recognizes trash as a significant pollutant in urban runoff and requires the City 

to install Full Trash Capture (FTC) devices to serve a minimum of 55 acres within the City by July 1, 2014. 
FTCs are defined as devices able to control trash equal to the screening of a 5 millimeter mesh screen, and 
will be installed in the public right-of-way in storm drains, catch basins, and inlets. Because this is a new and 
unfunded mandate, the City is participating in a Bay Area-wide Trash Capture Demonstration Project funded 
by a $5 million allocation from the Federal American Recovery and Reinvestment Act of 2009 (ARRA) to the 
San Francisco Estuary Partnership. Berkeley’s allocation is anticipated to provide for the purchase and 
installation of approximately 10 types of Water Board-approved FTC devices. This project will allow the City 
to pilot test the FTCs to determine which type will best serve the City’s needs, meet MRP requirements, and 
determine associated operations and maintenance costs. 

Page 123 of 260



Chapter 7 Maintenance page 64 

to removal of damaged limbs; Year 2 – less frequent watering, weeding 
necessary, limited pruning.  

 If patches of bare soil emerge, plantings should be added to prevent erosion.  

 Semi-annual plant maintenance is recommended including replacement of 
diseased or dead plants. If groups of plants fail, consider alternative species. 

 Maintain mulch layer to retain moisture and control weeds. Rake mulch and soil 
surfaces to break crusts, which can reduce infiltration rates. Add or replace mulch 
as needed in spring and fall.  

 Once plants are thriving, periodic trimming, thinning, and pruning may be 
necessary to ensure swale edge is not obscured. 

The maintenance regime for bioretention cells is built around keeping the soils and 
plantings healthy enough for their biological processes to both breakdown and uptake 
pollutants. This requires initial irrigation for dry weather months, which can be built into 
the project as a temporary system or by weekly water truck visits during the first year after 
construction. Re-mulching the area every spring is recommended. Adjacent property 
owners and residents may want to supplement the City’s routine maintenance by 
providing additional weed abatement and litter pick up to promote community aesthetics.  

Permeable Paving 

Maintenance Highlights: 

 Conduct periodic visual inspections (at least once a year) to determine if surfaces 
are clogged with vegetation or fine soils. Correct clogged surfaces immediately. 

 Street sweep with vacuum sweeper twice/annually during dry weather (after 
autumn leaf-fall, again in early spring).  

 Inspect after at least one major storm per year. 

 Surface sealing NOT allowed. 

 Replenish aggregate material as needed. 

The option of permeable paving may be considered for parking lanes, sidewalks, and low 
volume residential streets. Maintenance is primarily geared towards removing sediments 
from the pavement openings and joints to prevent clogging. This is best done using 
vacuum type street cleaning equipment rather than brooms and water spray, which may 
move sediment deeper into the surface openings and contribute to clogging. 

A benefit of pervious joint pavers is that they can be removed and replaced to perform 
subsurface utility repairs. This compares favorably to asphalt, which must be cut to 
access subsurface facilities and patched when finished. These patches often leave the 
streets uneven and less aesthetically appealing. Thus, if pervious joint pavers are used, 
it is recommended the City stock extra pavers for replacement, if any become damaged. 
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Underground Stormwater Storage (detention) 

Maintenance Highlights: 

 Inspect street inlets, storage pipe valves and orifices (annually in the fall) 

 Remove floatables and accumulated sediments that become trapped within the 
storage device (twice annually, before and after wet season) 

 Sediments and debris can be removed mechanically or by flushing.  

 Confined Space safety procedures must be followed by workers entering an 
underground stormwater storage facility.  

The primary maintenance concerns are removal of floatables and sediments that 
become trapped within the system; this should be done at least on an annual basis. This 
work can be performed by PW using its jet-vactor truck. In-house staff may need 
confined space training and certification to periodically enter the pipes as-needed or an 
on-call service provider can be retained. Routine street sweeping and storm drain 
infrastructure servicing plays a major role in reducing floatables and sediment loads to 
underground storage devices.  

Hydrodynamic Separator Units 

According to vendor literature, hydrodynamic separator units are self-operating, gravity-
driven devices with no moving parts. They require only the hydraulic energy available 
within storm water flow. These units have large sumps capacities and only need to be 
cleaned out with a standard vactor truck one to four times a year.  

A typical inspection visit is a half hour and a servicing visit is a half hour, which 
calculates to 2 hours annually for each unit.  

RECOMMENDATIONS FOR MAINTENANCE 

7.1 Catch Basin and Inlet/Outlet Servicing: continue at current level of service. 

7.2 Minor Storm Drain Facility, Curb & Gutter & Street Repairs: continue at current level 
of service. 

7.3 Wet Weather Maintenance Program: continue at current level of service. 

7.4 Miscellaneous PW Storm Maintenance Activities: continue at current level of 
service. 

7.5 Street Sweeping Program: continue at current level of service. 

7.5.a Residential Area Street Sweeping 

7.5.b Commercial Area Street Sweeping 

7.5.c Industrial Area Street Sweeping  

7.6 PRW Maintenance Activities: continue at current level of service. 
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7.7 Install and Maintain New Full Trash Capture Devices: install and maintain. 

7.8 Consider realignment of Storm Maintenance Districts to match watershed 
boundaries 

7.9 Add Second Jet Vactor Crew for year-round catch basin, inlet/outlet servicing. The 
City is in the process of purchasing another jet-vactor truck. The existing hand-
rodding crew can be replaced with a second jet vactor truck crew to increase 
annual production. With another jet-vactor truck in service, the crews can add 
pipeline cleaning as a routine element of preventative maintenance. Cleaning the 
lines would also facilitate recommended condition assessment inspections.  

7.10  Sand Bags Program: Purchase either (1) seven small flat-bed trailers, or (2) one 
transportable forklift to facilitate the transport, drop-off, staging, and pick-up of sand 
bags. The current practice is hand loading and unloading of bags from a truck. This 
becomes time consuming when factoring in the replenishment of supplies and the 
pick-up of unused bags at the end of the winter. Additionally, putting the City of 
Berkeley logo on all bags would discourage the pick-up and use of free bags by 
private contractors, looking to save money on materials.  

7.11 Concentrated Leaf & Debris Clearing (All Storm Day): Reestablish the extra 
weekend street sweeping assignments during the heavy leaf fall season, and 
refocus All Storm Day as a volunteer-oriented program supplemented by City 
forces. The All Storm Day event does not collect the tonnage of leaf fall and debris 
that was collected by the discontinued special seasonal street sweeping routes.  

7.12 Street Sweeping Program: Coordinate with PW-Maintenance to evaluate and 
explore options for improving efficiencies. Options that could be considered are: 

 Increase the residential street sweeping program to weekly instead of monthly. 

 Augment the monthly residential mechanical street sweeping with eight laborers; 
four laborers to work with each of two street sweepers simultaneously to hand 
sweep the leaves from the gutter to the travel lane to be picked up by the 
mechanical sweeper. 

 Consider the possibility of towing cars that are left parked on street during 
sweeping times; or purchase more maneuverable equipment that could be 
operated from the sidewalk to pick up leaves and debris between and under 
parked cars.  

7.13 Develop Training Program and Maintenance Plan for Green Infrastructure 
Measures
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CHAPTER 8: CODORNICES & POTTER 
WATERSHEDS HYDRAULIC MODELING 
FINDINGS 

STRATEGY 

At the initiation of the WMP process, the City allocated funding to develop hydraulic 
models for two watersheds. The Potter and Codornices Watersheds were selected 
because they represent the full range of the urban drainage spectrum in Berkeley. The 
Potter Watershed drains approximately 1/3 of the land area of the City through storm 
drain pipe infrastructure. The Codornices Watershed drains about 1/10 of the City 
through open watercourses and creek culverts.  

Findings from these two watersheds could be extrapolated to the other watersheds, but 
it is preferable to continue hydraulic modeling of the remaining watersheds. 

The Potter watershed is the largest in the City; it experiences localized flooding in many 
areas; and it contributes runoff to the Aquatic Park Lagoons. The Codornices 
Watershed is regionally significant as Codornices Creek is one of the least culverted 
creeks in the East Bay; and is one of the few with a salmonid population.  

Balance Hydrologics, Inc. (Balance), a local water engineering firm, was retained to 
develop the two hydraulic models. The scope of work9 included developing baseline 
(existing watershed conditions) hydraulic and hydrologic models to determine expected 
runoff volumes and quantify the existing conveyance capacity of storm drain 
infrastructure and other drainage pathways (watercourses and creek culverts). Various 
potential retrofit scenarios were then input to the models to quantify the expected flood 
reduction benefits of these approaches. Retrofit scenarios in the scope of work included 
examination of: 1) stormwater storage BMPs (rainbarrels, cisterns, permeable 
pavements with subsurface gravel reservoir storage), 2) biofiltration BMPs (flow through 
planter boxes, rain gardens, and swales), 3) combined stormwater storage BMPs and 
biofiltration BMPs, and 4) retrofits to storm drain pipes (diversion pipes, enlargement, 
and pumps). Balance also developed cost estimates for the design, permitting, and 
construction of the various scenarios. 

                                            

9
 Balance modeling was limited to incorporating pipe sizes of 18‖ in diameter or greater.  
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POTTER WATERSHED FINDINGS 

Potter Drainage Pathways 

The storm drain pipe infrastructure consists of a main trunkline and a network of 
branches and laterals. The trunkline runs from the intersection of Adeline/Woolsey and 
MLK, Jr. Way to the Bay outfall.  

Five branches feed into the trunk line from the north:  

1. San Pablo Ave Branch  
2. Russell-Mabel Branch  
3. Sacramento Branch  
4. Ellis-Grant Branch 
5. Shattuck-Adeline-Ashby-MLK Branch  

Three other branches east of Shattuck/Adeline feed either the trunk or lead into another 
branch:  

1. Upper Woolsey Branch 
2. Derby Branch  
3. Parker-Dwight Branch  

The remaining pipelines input into the model include lateral lines from the branches, as 
well as a network of storm drain pipelines west of San Pablo Ave and south of Dwight 
Way leading to Aquatic Park.  

See Appendix C Maps: Potter Watershed Existing System Results (May 6, 2011). 

Existing Conditions Results 

From a 10-yr design storm, the Potter Watershed generates an estimated 236 acre feet 
(af)10 of runoff. Most pipelines including the trunkline are operating at or above capacity 
for a 10-year storm with about 34 af of flooding predicted throughout the watershed 
(Table 8-1). Maximum capacity discharged to the Bay is 446 cubic feet per second (cfs).  

Trunk/Branch 
Total 

Flooding (af) 
% of Total 
Flooding 

Max. Discharge 
(cfs) 

Main Trunk (outfall to Bay) - - 445.8 

Main Trunk (overflow into MYB
11

) - - 217.0 

Main Trunk (inlet) 15.1 44.2% 403.8 

San Pablo Branch 1.7 4.9% 73.1 

Russell – Mabel Branch 0.0 0% 68.4 

Sacramento Branch 0.0 0.1% 122.0 

Ellis-Grant Branch 5.8 17% 120.4 

                                            

10 
An acre foot equates to one square acre of water one foot deep. 

11
 MYB: Model Yacht Basin, Aquatic Park 
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Trunk/Branch 
Total 

Flooding (af) 
% of Total 
Flooding 

Max. Discharge 
(cfs) 

Shattuck – Adeline – Ashby – MLK Branch 2.3 6.7% 317.6 

Upper Woolsey Branch 4.0 11.8% 129.3 

Derby Branch 2.8 8.1% 76.8 

Parker - Dwight Branch 2.4 7.2% 154.4 

TOTALS 34.1 100.0%  

Table 8-1 

The modeling identified locations of predicted overflows. Many of these locations were 
confirmed as chronic nuisance flooding sites by PW Maintenance staff and correspond 
well with City experiences during the storms of February 25, 2004 and the El Nino 
events of the 2005-06 rainy season. Localized flooding can be expected in varying 
degrees within the locations in Table 8-2. 

Street Name Cross Streets 

San Pablo Avenue between Ward and Murray 

California Street between Woolsey and Harmon 

Woolsey Street between California and Adeline; at Dana 

Ashby Avenue between California and King 

Martin Luther King, Jr. Way between Russell and Woolsey 

Parker Street between Seventh and Fourth 

Fulton Street at Derby 

Ellsworth Street between Blake and Parker 

Telegraph Avenue between Ashby and Woolsey; at Stuart 

College Avenue at Dwight 

Table 8-2 

Tidal effects from the Bay compound the Potter Watershed flooding problems as far 
upland as Adeline/Woolsey. This is due to the water surface of the Bay effectively 
reducing the discharge ability of the storm drain trunk line. Thus 10-year frequency 
storms in combination with high tides will cause flooding in the Potter watershed.  

Options Analyzed 

To provide desired level of flood protection, the storm drain trunk line must handle the 
25-year design storm runoff and all other branches and laterals must handle the 10-year 
design storm runoff with minimal flooding. There are several approaches the City 
considered to achieve these goals.  

Traditional Pipe Upsizing 

One consideration for improving pipe line capacity is the traditional approach of upsizing 
the entire network of pipes such that each pipe is sized and shaped to efficiently convey 
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the appropriate design storm runoff. In this scenario, roughly 35,000 lineal feet of storm 
drain pipeline would be replaced with larger diameter pipes.  

However, if all upstream pipes were upsized, then the main trunkline would need to be 
massively enlarged to accommodate the additional flow volumes. Most of the existing 9-
foot diameter egg-shaped trunk would need to be replaced with a much larger box-
shaped trunk, ranging from 7-feet x 20-feet (H x W) to 10-feet x 10-feet for an estimated 
cost of $33M.  

The upsizing of the remaining branch pipelines would cost an estimated $19.75M. The 
total estimated cost of this approach (not including resolution of tidal effects, Aquatic 
Park pipeline replacement, or water quality protection measures) is $52.75M. 

It should be noted that regardless of what overall approach the City takes to reduce 
flooding, a significant amount of pipe upsizing will be necessary, including the main 
trunk and at site specific locations where existing pipes constrict flow.  

Resolution of SF Bay Tidal Effects 

Six options were developed to resolve the tidal effects. All options are listed in Table 8-3 
with their description and their pros and cons. The two options the City is considering 
are Option 1: discharges stormwater directly to SF Bay (preferred option); and Option 5: 
discharges most stormwater directly to SF Bay and only discharges to Aquatic Park 
Lagoon on high flow levels (no additional stormwater into Aquatic Park).  

 
Option Description Pros Cons 

1 Pressure pipe 
outflow to Bay for 
entire Q10 
Capacity to Bay = 
1,400 cfs 
Flow to Aquatic 
Park = 0 cfs 
 
$17,238,000 

1. Pressure pipe = single 11-
ft diameter or twin 8-ft 
diameter; 1,525 ft total length 
2. Rebuild existing outfall to 
Bay, add new outfall if twin 
pipe option is used 
3. New large collector box 
with trash rack at upstream 
end 

1. No stormwater flows 
from Potter Watershed to 
Aquatic Park. 
2. Inclusion of trash rack 
would allow meeting trash 
TMDL for all Potter 
watershed. 

1. Costly construction, 
including tunneling under I-
80 and UPRR. 
2. Lengthy permitting 
process of new outfall to 
Bay. 
3. Very lengthy closure of 
I-80 on-ramp from 
Shellmound (~2 mos) 

2 Existing outfall 
plus storage in 
combined Radio 
Tower Pond and 
Model Yacht 
Basin 
 
N/A (infeasible) 

1. Maintain existing Potter 
trunk and outfall downstream 
of MYB 
2. Construct diversion 
structure with trash rack and 
automated control gates to 
allow flow to MYB + ML only 
when excess storage 
needed 
3. Increase trunk line size 
from above UPRR to new 
diversion structure 

1. Potential major cost 
savings with reduced 
 infrastructure 
2. No new Bay outfall, 
much simpler permitting 
3. Limited I-80 on-ramp 
closure 

1. Infeasible, not enough 
storage in RTP + MYB 
2. Stormwater still flows to 
Aquatic Park in large 
events 
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Option Description Pros Cons 

3 Pump station with 
no storage to 
supplement 
existing outfall 
 
Capacity to Bay = 
1,400 cfs 
Flow to Aquatic 
Park = 0 cfs 
 
$39,000,000 

1. Construct pump station to 
handle flow that cannot be 
conveyed by existing outfall 
(latter left in place) 
2. Construct new force main 
outfall to Bay for pump 
station outflow 
3. Provide trash rack at 
pump for all flow 
 

1. No stormwater flows 
from Potter to Aquatic Park. 
2. Inclusion of trash rack 
would allow meeting trash 
TMDL for all Potter 
watershed. 

1. Costly construction, 
including tunneling under I-
80 and UPRR. 
2. Lengthy permitting 
process of new outfall to 
Bay. 
3. Lengthy closure of I-80 
on-ramp from Shellmound 
(~2 mos) 
4. Relative high ongoing 
O&M costs 

4 Existing outfall 
plus storage in  
MYB+Main 
Lagoon 
 
Capacity to Bay = 
400 cfs 
 
Flow to Aquatic 
Park = 1,000 cfs 
 
$6,405,000 

1. Maintain existing Potter 
trunk and outfall downstream 
of MYB 
2. Construct new diversion 
structure with trash rack and 
automated control gates to 
allow flow to MYB + Main 
Lagoon only when excess 
storage needed 
3. Increase trunk line size 
from above UPRR to New 
diversion structure 
 

1. Potential major cost 
savings with reduced 
infrastructure 
2. No new Bay outfall, 
much simpler permitting 
3. No stormwater flows to 
Aquatic Park for small 
events (e.g. < 2-year storm) 
4. Inclusion of trash rack 
would allow meeting trash 
TMDL for all Potter 
watershed. 
5. Limited I-80 on-ramp 
closure 

1. Stormwater still flows to 
Aquatic Park in large 
events, possibly more 
storm water in largest 
events depending on 
upstream system upgrades 
2. Tunneling required 
under UPRR. 

5 Smaller pressure 
pipe plus 
storage in Main 
Lagoon 
 
Capacity to Bay = 
1,000 cfs 
 
Flow to Aquatic 
Park = 400 cfs 
 
$14,788,000 

1. Maintain existing Potter 
trunk and outfall downstream 
of end Potter 
2. Construct new 9-ft 
diameter pressure pipe 
directly to Bay to handle all 
initial discharge 
3. Construct new diversion 
structure with trash rack at 
end of Potter, only flows 
above pressure pipe 
capacity flow down existing 
trunk 

1. Almost no stormwater 
flows of any kind 
from Potter to Aquatic Park, 
could be none with green 
infrastructure in upper 
watershed 
2. Inclusion of trash rack 
would allow meeting trash 
TMDL for all Potter 
watershed 
3. With minor modification 
could have stormwater only 
go to RTP, not Main 
Lagoon 

1. Costly construction, 
including tunneling under I-
80 and UPRR. 
2. Lengthy permitting 
process of new outfall to 
Bay. 
3. Very lengthy closure of 
I-80 on-ramp from 
Shellmound (~2 mos) 

Page 131 of 260



Chapter 8: Codornices and Potter Watersheds Hydraulic Modeling Findings page 72 

 
Option Description Pros Cons 

6 Smaller pressure 
pipe plus 
smaller pump 
station 
 
Capacity to Bay = 
1,400 cfs 
Flow to Aquatic 
Park = 0 cfs 
 
$35,700,000 

1. Maintain existing Potter 
trunk and outfall downstream 
of end Potter 
2. Construct new 8-ft 
diameter pressure pipe 
directly to Bay to handle all 
initial discharge 
3. Construct pump station to 
handle any larger flows 
4. Construct force main from 
pump station to Bay routed 
inside existing trunk line 

1. No stormwater flows of 
any kind from Potter to 
Aquatic Park. 
2. Inclusion of trash rack 
would allow meeting trash 
TMDL for all Potter 
watershed. 

1. Costly construction, 
including tunneling under I-
80 and UPRR. 
2. Lengthy permitting 
process of new outfall to 
Bay. 
3. Lengthy closure of I-80 
on-ramp from Shellmound 
(~2 mos) 
4. Relatively high O&M  
5. Capacity gained with 
pump station offset in part 
by lost capacity in existing 
trunk due to routing of 
force main. 

Table 8-3 

With the exception of Option #6, each of the options includes a new trunk line junction 
near the UPRR right-of-way that would be designed to accept discharges from a 
realignment existing storm drainpipes that currently drain into the park from Heinz, 
Grayson, Carleton, and Parker Streets. 

Option 1: Pressure pipe outflow to Bay for entire Q10 – $17.3M: This option includes 
1,525-feet of either a single 11-foot diameter pipe or twin 8’ diameter pipes, rebuilding 
the existing outfall to the Bay and potentially adding another (for the twin pipe option); 
and installing a collector box with a trash rack at the upstream end. No stormwater would 
be discharged to Aquatic Park. 

Option 5: Smaller pressure pipe plus storage in Main Lagoon - $14.8M: This option 
includes the construction of a new diversion structure with a trash rack at the end of 
Potter St. and a new 9-foot diameter pressure pipe from the diversion structure to the 
Bay. The existing lower Potter trunk and outfalls to the MYB would remain. Pressure 
pipe capacity to the Bay would be approximately 1000cfs with excess flows diverted to 
the existing lower trunk. Excess flows diverted to Aquatic Park can be further reduced 
by the installation of storage unit in the upper watershed.  

Green Infrastructure 

Green Infrastructure options were input into the model to determine the viability of 
reducing hydraulic loading to the storm drain pipe infrastructure using bio-retention 
measures and large volume storage units. The concept is to strategically locate surface-
level bio-retention measures (rain gardens and swales) within the planter strip area of 
sidewalks, within red zone curb-extensions, and in street medians as feasible. 
Permeable paving can be used in sidewalk areas, parking lanes, and residential streets 
where site conditions limit the area available for bio-retention. These GI features would 
drain into large underground storage pipes, which would fill during storm events and 
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discharge metered flows into the existing storm drain pipelines through small orifices 
(Figures 8-1 and 8-2, Green Street Cross-Section & Plan View).  

The assumed storage unit was represented in the model as a 6-feet diameter by 300-
feet long pipe. Any configuration of GI and underground storage would need to 
approximate this volume to realize the level of flow-reduction benefits predicted by the 
modeling.  

Modeling results indicate that the GI approach is much more effective in locations east 
of Adeline/Shattuck, and there are diminishing returns on investment beyond 54 units. 
However, 54 GI/Storage units in the upper watershed would result in incremental flood 
reductions throughout the watershed. 

This cost estimate factors in site preparation, street demolition and disposal, materials 
and installation of the GI unit, and street replacement. Total estimated cost for 54 units 
is $31.3M. 

Figure 8-1, Conceptual Cross Section of Typical Green Infrastructure 
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Figure 8-2, Conceptual Plan View of Typical Green Infrastructure 
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CODORNICES WATERSHED FINDINGS 

Codornices Drainage Pathways 

The Codornices Watershed includes land from both the City of Berkeley and the City of 
Albany. Codornices Creek is the primary drainage avenue, consisting of both open 
channels (approx. 15,500-feet in length) and culverted creek segments (approx. 11,450-
feet in length). The creek discharges to the Bay just north of Buchanan St. in Albany. 
The creek represents the boundary between the cities of Berkeley and Albany from just 
west of Monterey Ave to Eastshore Highway.  

In the upper watershed, there is a confluence of three branches of Codornices Creek at 
Codornices Park, immediately east of Euclid Street. Except for one other (mostly 
culverted) branch joining the creek at Josephine and Hopkins, Codornices Creek 
remains a single channel from Codornices Park to the Bay. The City operates several 
recreational parks and other open space areas where the channel is open; however, the 
majority of open channel is located on private properties12. The City maintains creek 
culverts where the creek passes under the public right-of-way. The City also operates 
and maintains an additional 40,100 feet of storm drain pipelines within the watershed.  

See Appendix C Maps: Codornices Watershed Existing Conditions Map (May 23, 2011) 

Existing Conditions Results 

Most open creek sections and creek culverts located upstream of Codornices Park 
appear to have adequate capacity for the 10-year storm. Downstream of this, hydraulic 
capacity conditions vary on a reach by reach basis with capacity constraints becoming 
more prevalent east of Henry Street. For the 10-year storm, roughly 42 acre feet of 
flooding is predicted at various locations. The existing flow capacity of the Eastshore 
Hwy creek culvert, where the creek exits the City, is 195 cfs.  

Within the watershed, storm drain pipe infrastructure shares similar hydraulic capacity 
conditions as the creek. Most storm drain pipes are adequately sized for the 10-year 
design storm above Codornices Park. However, the Euclid line is at or above capacity, 
as are some sections of the Shasta Road line.  

Within City limits, the area with the highest propensity to flood is along Second Street 
where the street essentially serves as a release point or floodway, for the undersized 
Interstate 80 Highway (I-80) creek culvert (owned by Caltrans). Approximately 75% of 
the 42 acre feet of predicted flooding escapes the creek corridor at Second Street. This 
model result is confirmed by chronic flooding experienced at this site.  

                                            

12
 Balance Hydrologics was able to build the hydraulic model and calibrate it despite limited access to the 

creek due to private property constraints. Balance supplemented the City’s GIS data with past information 
gathered for the City’s Creek Task Force as well as with data from other previous work in the watershed. 
They maintain a flow gaging station under the BART tracks at Santa Fe Ave and also operate several rain 
gages in the watershed. The model can be further refined as additional data about the open channels and 
creek culvert conditions are obtained.  
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Localized flooding can be expected in varying degrees (including surface ponding at 
street sags) within the locations in Table 8-4.  

Street Name Cross Streets 

Second Street Creek corridor to Gilman 

Rail Road tracks Creek corridor to Gilman and to Albany 

Gilman Street between Sixth and Second 

Codornices Creek at Sixth, at most street crossings east of San Pablo, at Glen 

Ninth Street between Harrison and Creek Corridor 

Monterey Ave between Posen and Hopkins 

Hopkins Street at Carlotta 

The Alameda between Napa and Yolo 

Sonoma Ave between Fresno and Hopkins 

Spruce Street Eunice to Creek corridor 

Euclid Ave Cragmont to Codornices Park 

Cragmont Euclid to Regal 

Various locations LaLoma, Glendale, Campus Drive, Queens, Shasta Road 

Table 8-4 

Options Analyzed 

Reducing peak runoff flows and volumes throughout the watershed will reduce bank 
erosion and in-stream habitat-scouring, as well as reduce flood hazards. From a flood 
management perspective, the Codornices Watershed’s most severe problem is in the 
lower watershed, beginning at the railroad right-of-way.   

Traditional Upsizing 

Storm Drain Pipelines 
The modeling identified the capacities and current hydraulic loads expected for each 
pipe segment greater than 18‖ in diameter. This approach alone offers no water quality 
benefits and may contribute to downstream flooding conditions and in-stream erosion. 
The cost to upsize these storm drain pipes such that there is no associated surface 
ponding is roughly $4M.  

Creek Culverts 
Wholesale removal or enlargement of creek culverts have effects on the upstream and 
downstream reaches of the open creek, which would need to be further analyzed. This 
type of fundamental change to the creek corridor might also affect the Flood Insurance 
Rate Maps and potentially increase premiums for those covered by the National Flood 
Insurance Program. Currently, the FEMA designated 100-yr flood zone follows the 
creek corridor from the Bay to the intersection of Sonoma-Hopkins-Josephine Streets. 

Page 136 of 260



Chapter 8: Codornices and Potter Watersheds Hydraulic Modeling Findings page 77 

The upsizing of city-owned culverts operating at or above capacity at street crossings 
west of Euclid Street (Codornices Park) to Eighth Street is estimated to cost $1.2M  

Open Channel  
The traditional approach to modifying a creek to provide flood control service is to 
remove meanders and contain flows in a widened trapezoidal channel (sized to convey 
the 50- or 100-yr storm) with minimal vegetation to reduce friction. This single objective 
approach is not desirable for protecting riparian ecosystems.  

Restoring creek segments by sizing the active channel to transport the 2-year storm and 
providing a modified floodplain terrace is a strategy being planned and implemented 
between San Pablo Ave and the UPRR right-of-way. This approach is an option for the 
City in select locations, where the City owns the land and there is adequate space for 
restoration. The costs for this multi-objective approach can vary widely, however it is to 
grant funding, especially from state programs.  

Lower Watershed Measures 

At a 10-year design storm Codornices Creek overflows its banks at Second Street, 
where the street dead-ends at the creek corridor. The street is the low point in the 
surrounding landscape and was likely originally designed as a floodway. Roughly 31 
acre feet of water escape the channel in this area, flowing towards Harrison and Gilman 
Streets.  

Exacerbating the chronic flooding condition, are the sizing of the Caltrans creek culverts 
at San Pablo Avenue and under HWY I-80. The upstream San Pablo Ave creek culvert 
capacity is approximately 420 cfs, while the downstream capacity of the I-80 creek 
culvert is 195 cfs. The difference between the two creek culvert capacities requires the 
excess flow either be stored or re-routed to another drainage pathway to reduce or 
eliminate flooding. The modeling results indicate that localized flooding in the lower 
watershed cannot be completely eliminated without an additional capacity under I-80.  

There are a number of measures the City studied to reduce the flooding in this area. 
These measures include:  

 Berm @ Second Street: Constructing a low berm along the south side of the 
creek corridor between the Compressed Natural Gas Filling Station at the end of 
Second to Eastshore Highway. The berm elevations would contain higher 
volumes of flow within the creek corridor, forcing more flow through the I-80 
culvert. The berm would be designed to keep Second Street as the breakout 
point for overflow. The berm would reduce the flood volume on Second Street 
from 28.98 af to 12.69 af13 for a 10-yr storm. Estimated cost: $114,000. 

 Re-Route Excess Flows to Village Creek: There is a by-pass structure and 
channel located on the north bank of the creek just upstream of Fifth Street. The 

                                            

13
 All modeling result scenarios assume prior installation of large volume GI/storage units in Codornices 

Park and Henry Street. 
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by-pass channel, which currently operates at less than 50% capacity during the 
10-year storm, conveys flow to Village Creek in Albany. Village Creek discharges 
into Codornices Creek on the west side of I-80 between the highway and Golden 
Gate Fields Race Track. As a stand-alone option, the activation of the Village 
Creek by-pass would reduce flooding on Second Street from 28.98 af to 24.86 af. 
Because the by-pass is already in-place, there is no capital cost associated with 
this option. Coordination with and permission from the City of Albany and 
possibly the University of California would be needed.  

 Berm and Re-Route Excess Flows to Village Creek: Incorporating both 
options provides further flood volume reductions. In this case the overflow 
volume on Second Street would be reduced from 28.98 to 7.24 af. 

 Upsize Conveyance Capacity under Hwy I-80: The modeling results indicate 
that localized flooding in the lower watershed cannot be completely eliminated 
without an additional culvert under I-80. If the Caltrans Codornices Creek Culvert 
under I-80 cannot be expanded, remaining flows on Second Street may be 
routed to the Gilman trunk line as capacity permits. From an engineering and 
cost perspective, it would be easier and less expensive to install another pipeline 
to the Bay on Gilman Ave. Any option would require coordination and approvals 
by Caltrans 

Green Infrastructure 

Unlike Potter, the Codornices Watershed is quite narrow, with the greatest lengths of 
storm drain piping in the steepened hillside areas (east of Shattuck). Staff determined 
that the use of large volume under-street storage of runoff in the public right-of-way in 
this topography would be too risky. According to the California Geological Survey 
Hazard Study Map, the areas east of Shattuck Avenue in the Codornices Watershed 
are in seismic hazard zones for earthquake fault lines and landslides. However, there 
are opportunity areas in parklands in the upper watershed, which are appropriate for GI 
Storage. Retrofitting the City right-of-way with green infrastructure measures such as 
bioretention cells, hydrodynamic separator units, and permeable paving without large 
volume storage is feasible in most areas. 

Park Storage 
There are 10 city parks located in the Codornices Watershed. The Codornices Creek 
runs through (or under) portions of Glendale-LaLoma Park, Codornices Park, the Rose 
Garden, Live Oak Park, King School Park, and the Harrison Park. Glendale-LaLoma, 
and Live Oak Park have limited space available for storage. The larger sites, such as 
Codornices Park, King School Park, and Harrison Park, have the most potential to store 
large volumes of creek flow either at surface level or underground in cisterns while 
preserving existing recreational uses.  

Both Codornices and King Parks have the space needed for subsurface level detention, 
where large storage pipes or cisterns can be installed underground and recreational 
features replaced at surface level. The Harrison Park site is appropriate for surface level 
detention, where the fields could be lowered to allow storm overflow from the channel to 
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pond in the fields, which are usually closed to the public during wet weather to minimize 
turf damage.  

Right-of-Way Retrofits 
Unlike Potter, GI features would not need to drain into large underground storage pipes 
because the subbasins draining into the creek are so small in the Codornices 
Watershed.  

One particularly promising site for the use of GI storage similar to the Potter Watershed 
approach (large volume under-ground storage pipes metering flow) is at Henry Street 
between Eunice and Berryman. The topography is much shallower than areas to the 
east, the street is very wide, and there are existing inlets discharging directly to the 
creek. The concept is to collect stormwater runoff from the Euclid storm drain branch 
(above Codornices Park) and redirect down Eunice Street in a new 2.5’ storm drain 
pipe. This line would discharge into storage barrels (equivalent to four 8’-diameter, 550’ 
long pipes). These pipes would meter discharge to the creek. Rain gardens, swales, 
permeable paver as appropriate would treat the runoff prior to its discharge into the 
storage pipe. Estimated Cost: $4.5 million.  

DESCRIPTION OF CAPITAL IMPROVEMENTS FOR POTTER WATERSHED 

1. Combination of Traditional Pipe Upsizing & Green Infrastructure: Hydraulic modeling 
results show that the City can effectively manage the 25-year storm for the main trunk 
line and the 10-year storm for all other pipes by using a combination of approaches. 
By striking the right balance of GI storage units (54) east of Adeline and retrofitting the 
trunk line from Adeline/Shattuck to the railroad tracks, the total length of storm drain 
pipe upsizing throughout the watershed can be reduced from 35,000’ to 21,000’. This 
approach would also reduce the degree of upsizing needed for many of the pipe 
segments, which represents a significant cost savings. In addition to the main trunk 
line, remaining specific pipe segments recommended for replacement are identified in 
Balance’s report, Appendix D. This report also identifies opportune locations for the 
proposed GI units, whose feasibility and performance are dependent on appropriate 
site conditions (such as topography and proximity to existing storm drain pipelines). 
Estimated cost is $49.24M, not including the realignment of Aquatic Park storm 
drainpipes and resolution of tidal effects.  

2. Tidal Effect Resolution: The preferred tailwater resolution option is Option #5, 
Smaller Pressure Pipe and Storage in the Main Lagoon. The pressure pipe would 
push 44% more flow through the pipe to the Bay than is currently possible. For a 10-
yr storm, 70% of the runoff volume would discharge directly to the Bay, while the 
remaining would be temporarily stored in the Main Lagoon or (with minor 
modification) to the Radio Tower Pond. Only large storm events would require the 
use of Aquatic Park for storage, which may translate to its use only a few times a 
year. With the addition of a trash rack, no trash should enter the Lagoon or Bay 
through the modified pipeline. The installation of GI units in the upper watershed 
would remove additional non-point source pollutants and further reduce overflows 
into Aquatic Park. Estimated cost is $14.8M. 
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3. Aquatic Park Storm Drain Pipes: This storm drain pipe infrastructure operates at or 
above capacity during the 10-yr storm and surcharges frequently within the park. A 
new alignment parallel with the UPPR railroad tracks feeding directly to the 
proposed trunk line improvements would reduce stormwater flows into the lagoon. 
The estimated cost to relocate and upsize select associated laterals is $3.75M. 

See Appendix C Maps Potter Watershed SWMM Nodes and Pipe Capacities – 
Traditional Q10 Retrofit Results (May 6, 2011). 

See Appendix C Maps: Potter Watershed Green Retrofit System Results Map (April 27, 
2011) 

DESCRIPTION OF CAPITAL IMPROVEMENTS FOR CODORNICES 
WATERSHED 

1. Traditional Pipe Upsizing: The model identified various storm drain pipeline 
segments operating above capacity for a 10-year design storm. The Shasta and 
Cragmont-Euclid branches in the upper watershed require approximately 3,400-feet 
of storm drain pipe upsizing to better convey the 10-yr design storm. Upsizing these 
storm drain pipelines will cost an estimated $1.6M. 

2. Codornices Park Storage: Modeling results indicate that large volume detention 
can reduce flow volumes and velocities within the creek corridor. This can be 
accomplished by offloading peak flows from the existing creek culverts within 
Codornices Park through the installation of 8 in-line storage pipes, each 5-feet in 
diameter (Figure 8-3). Three storage pipes 224-feet long would capture high flows 
from the North Fork culvert; while five storage pipes 95-feet long would capture high 
flows from the South Fork culvert. The proposed pipes would be located under 
existing basketball courts, lawn area, and pathways. These amenities would be 
replaced atop the buried pipes. Including the replacement cost of the basketball 
court and other recreational amenities, the estimated cost is $1.725M. 
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Figure 8-3, Conceptual Green Infrastructure Storage Units in Codornices Park 

3. New Eunice Pipeline with GI Storage under Henry: This plan routes storm water 
collected by the Cragmont-Euclid storm drain pipeline branch into a new 30‖ 
diameter pipeline running down Eunice Street. This new storm drain pipe would turn 
south at Henry and discharge into four storage pipes (equivalent to 8’ diameter by 
550’ long each) under Henry between Eunice and Berryman St. These pipes would 
discharge directly into the Codornices Creek culvert below Henry. Re-routing the 
stormwater at Eunice further relieves hydraulic loading on the open watercourse 
below Euclid. This approach in conjunction with the Codornices Park storage 
retrofits would decrease maximum discharge by 71 cfs. Estimated cost: $4.5M. 

4. Green Infrastructure (No additional storage features): Surface-level GI measures 
such as rain gardens, bioswales, permeable paving, and hydrodynamic separator 
units can be installed at opportunity sites throughout the watershed. Opportunity 
sites would be defined by site conditions (proximity to existing drainage inlets, slope 
constraints, and space available with minimal loss of on-street parking).  
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Promising GI sites or areas for further investigation include:  

 Eunice Street, between Euclid and Shattuck (as component of new Eunice storm 
drain pipeline project) 

 Euclid Ave, between Codornices Park and Rose Garden 

 Josephine Street, at Hopkins 

 Hopkins Street, between Colusa and Beverly 

 Commercial Areas, such as Northbrae, Westbrae, and San Pablo Ave 

 Tenth Street, at Codornices Creek 

 Eighth Street, at Codornices Creek  

Estimated Cost: unknown. Further analysis needed to determine best GI approach 
at opportunity sites. 

See Appendix C Maps: Codornices Watershed Green Infrastructure Possibilities Map  

5. Berm at Second Street: This plan installs a low berm around the downstream reach 
of the creek between 2nd Street and Eastshore Hwy Rd. This would force more flow 
into the Eastshore Hwy culvert without contributing to additional flooding on the north 
(City of Albany) side of the creek, downstream of the railroad right-of-way. The berm 
would be designed to have 2nd St. continue to be the release point for breakout flows 
from the channel. It would add overflow volumes to the railroad right-of-way drainage 
ditches, on both sides of the tracks, which are currently operating below full capacity 
during the 10-yr design storm. Estimated cost: $114K 

This berm would be compatible with the future long-term restoration concept for the 
creek corridor between the railroad tracks and Eastshore Highway.  

6. Village Creek By-Pass: It is recommended that the City pursue an agreement with 
the City of Albany and the University of California to lower the weir elevation of the 
Village Creek By-Pass structure on Codornices Creek just upstream. Working in 
conjunction with the proposed berm at Second Street, this diversion structure could 
further reduce Second Street flooding. The resulting flow reductions on Codornices 
Creek would benefit downstream property-owners, such as private businesses and 
their customers, the City’s transfer station and Compressed Natural Gas Filling 
Station facilities, the railroad companies, and Caltrans. Estimated cost: N/A 
(structure already in-place). 

7. Increase Conveyance Capacity Under Highway I-80: It is strongly recommended 
that the City pursue an agreement with Caltrans to increase the capacity of the 
existing Codornices Creek culvert under I-80. The simple logic is that the existing 
capacity for Caltrans’ upstream culvert at San Pablo Ave allows twice the flow as its 
I-80 culvert a ½ mile downstream. If upsizing or installing a new Codornices Creek 
culvert under I-80 is not feasible, the City should pursue an agreement with Caltrans 
that it increase the Gilman storm drain pipeline capacity under Hwy I-80 as 
necessary to accommodate breakout flows from Codornices Creek at Second 

Page 142 of 260



Chapter 8: Codornices and Potter Watersheds Hydraulic Modeling Findings page 83 

Street. Estimated Cost: Unknown (likely expenses would include legal fees and CIP 
cost to install storm drain pipe(s) from Codornices Watershed to Gilman Watershed). 

8. Channel and Floodplain Restoration: It is recommended that the City continue to 
partner with the City of Albany and the University of California to restore the open 
watercourse and its associated floodplains from San Pablo Ave to the railroad 
tracks. Thus far, the creek reaches between Eighth Street and the railroad tracks 
have been restored.  

In addition to the creek corridor from San Pablo to the railroad tracks, the City of 
Berkeley and Albany are working on a restoration plan for the reach between the 
railroad tracks and Eastshore Hwy Rd.  

Estimated cost: unknown (more planning is required among the project partners). 

See Appendix C Maps: Codornices Watershed Green Retrofit Results Map 

RECOMMENDATIONS FOR CI PRIORITIES 

8.1 Potter Watershed CI Priority List 

Rank 
Existing Shape 
& Diameter (in) 

Circular Pipe 
Retrofit 

Diameter (in) 

Length 
(ft) 

CIP Cost Project Description 

1 NA 108 
48 

5,100  $17,532,222  Install trunkline pressure pipe from RR to bay outfall, 
includes relocation of transit line  

2 Egg, 108 108-120 2,460  $4,333,160  Trunkline upsizing RR to San Pablo Ave 

3 Egg, 108 108 2,260  $3,817,710  Trunkline upsizing San Pablo to Sacramento 

4 Box, Egg, 
Circular, 84-108 

84-96 3,200  $4,568,070  Trunkline upsizing Sacramento to Adeline 

  TOTAL TRUNK   13,020  $30,251,162    

5 NA NA NA $1,158,000  2 GI/Storage Units - Piedmont (Forest to Derby) 

6 NA NA NA $1,158,000  2 GI/Storage Units - Piedmont (Durant to Channing) 

7 NA NA NA $1,158,000  2 GI/Storage Units - College (Channing to Dwight) 

7 Box, 20 36 514  $243,360  SD pipe Upsizing (concurrent w/GI) 

  Total #7     $1,401,360    

9 NA NA NA $1,158,000  2 GI/Storage Units - Woolsey (Eton) 

10 NA NA NA $1,158,000  2 GI/Storage Units - College (Parker to Derby) 

11 Egg, 52-54 54 512  $458,000  SD Pipe Upsizing, San Pablo (Russell to Ashby) 

12 NA NA NA $1,158,000  2 GI/Storage Units - Ashby (Benevue) 

13 NA NA NA $1,158,000  2 GI/Storage Units - Bancroft (Bowditch) 

14 NA NA NA $1,158,000  2 GI/Storage Units - Bowditch (Channing-Haste) 

15 NA NA NA $1,158,000  2 GI/Storage Units - Shattuck (Bancroft to Kittredge) 

16 NA NA NA $1,158,000  2 GI/Storage Units - Derby (Telegraph to Regent) 

17 Circular, 42-48 54 985  $821,332  SD pipe upsizing, Sacto (Parker to Russell) 

18 Egg, Circular, 
108-15 

96-24 171  $592,000  SD pipe upsizing, Ashby (Prince to Sacto) 

19 NA NA NA $1,158,000  2 GI/Storage Units - Piedmont (Forest to Derby) 

19 Circular, 27 30 1,066  $503,620  SD pipe upsizing, Derby (College to Regent) 
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Rank 
Existing Shape 
& Diameter (in) 

Circular Pipe 
Retrofit 

Diameter (in) 

Length 
(ft) 

CIP Cost Project Description 

  Total #19     $1,661,620    

21 NA NA NA $1,158,000  2 GI/Storage Units - Webster (College) 

22 NA NA NA $1,158,000  2 GI/Storage Units - Telegraph (Regent) 

23 Circular, 45-48 48-54 1,530  $1,286,090  SD pipe upsizing, Grant (Parker to Russell) 

24 NA NA NA $1,158,000  2 GI/Storage Units - Ellsworth (Channing) 

25 NA NA NA $1,158,000  2 GI/Storage Units - Shattuck (Channing) 

26 Circular, 21 24 230  $89,570  SD pipe upsizing, MLK (Bancroft) - BHS 

27 Egg, 78 72 260  $273,780  SD pipe upsizing, Adeline (Russell twd Ashby) 

27 NA NA NA $1,158,000  2 GI/Storage Units, Adeline (Oregon) 

27 NA NA NA $1,158,000  2 GI/Storage Units, Adeline (Asbhy) 

  Total # 27     $2,589,780    

30 NA NA NA $1,158,000  2 GI/Storage Units - Shattuck (Blake) 

31 NA NA NA $1,158,000  2 GI/Storage Units - Ellsworth (Dwight) 

32 Egg, 54 48 1,280  $993,720  SD pipe upsizing, Parker (Ellsworth to Shattuck) 

33 NA NA NA $1,158,000  2 GI/Storage Units - Ashby (Telegraph) 

34 NA NA NA $1,158,000  2 GI/Storage Units - Woolsey (Dana) 

35 Egg, 45 42 1,175  $777,400  SD pipe upsizing, Woolsey (Telegraph to Wheeler) 

35 NA NA NA $1,158,000  2 GI/Storage Unit - Wheeler (Prince to Woolsey) 

  Total #35     $1,935,400    

37 NA NA NA $579,000  1 GI/Storage Units - Woolsey (Tremont)  

38 NA NA NA $1,158,000  2 GI/Storage Unit - Dwight (Prospect) 

38 Circular, 24 30 154  $72,670  SD pipe upsizing, Prospect (Dwight) 

  Total #38     $1,230,670    

40 NA NA NA $1,737,000  3 GI/Storage Units - Derby (Warring) 

40 Circular, 21 30 322  $152,100  SD pipe upsizing, Derby (Warring) 

  Total #40     $1,889,100    

42 NA NA NA $1,158,000  2 GI/Storage Units - Stuart (College - Cherry) 

42 Circular, 21 27 491  $216,320  SD pipe upsizing, College (Stuart - Russell) 

  Total #42     $1,374,320    

44 NA NA NA $1,158,000  2GI/Storage Units - Telegraph (Stuart) 

 
8.2 Codornices Watershed CI Priority List 

Rank 
Existing Shape 

& Diameter 

Circular Pipe 
Retrofit 

Diameter (in) 

Length 
(ft) 

CIP Cost Project Descritption 

1 NA NA NA  $1,730,000  GI/Storage at Codornices Park 

1 Circular, 10 18 44  $13,100  SD Retrofit, in Codornices Park 

  Total #1      $1,743,100    

3 NA NA NA  $113,621  Second Street Berm 

4 NA NA NA  $0    Village By-Pass:  City of Albany, UC-Berkeley 

5 NA NA NA  $4,194,183  GI/Storage at Henry 

5 NA 30 3200  $2,023,261  New SD pipeline, Eunice (Euclid - Henry) 

  Total #5      $6,217,444    
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Rank 
Existing Shape 

& Diameter 

Circular Pipe 
Retrofit 

Diameter (in) 

Length 
(ft) 

CIP Cost Project Descritption 

7 Circular, 18 24 205  $82,700  SD Retrofit, Hopkins (Monterey to Creek) 

7 Circular, 15-24 24-30 1030  $445,700  SD Retrofit,  Monterey (Posen to Creek) 

  Total #7      $528,400    

9 Circular, 18 24 195  $78,400  SD Retrofit, Carlotta (Hopkins to Creek) 

10 Circular, 21 27 407  $62,600  SD Retrofit, The Alameda (Napa to Hopkins/Creek) 

11 Circular, 18 24 256  $103,200  SD Retrofit, Spruce (Eunice to Creek) 

12 Circular, 24 30 1507  $677,000  SD Retrofit, Euclid (1114 Euclid to Eunice) 

13 Circular, 18-24 24-30 1630  $694,500  SD Retrofit, 982 Regal, Cragmont, Euclid (to 1114 
Euclid)  

14 Circular, 21 30 42  $20,500  SD Retrofit, 1177-1179 Keith 

15 Circular, 10 18 108  $32,100  SD Retrofit, 2949-2934 Shasta 

 
8.3 Estimated CIP Costs – All Watersheds 

Estimated costs for CIP in all Watersheds (based on extrapolations from Codornices 
and Potter Watersheds Hydraulic Modeling findings and cost estimates): $207.5M 

• Potter: $65M 

• Schoolhouse: $19.5M 

• Gilman: $10M 

• Wildcat: $10M 

• Strawberry: $45M 

• Codornices: $18M 

• Cerrito: $15M 

• Marin: $15M 

• Temescal: $10M 
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CHAPTER 9: WMP REVENUE SCENARIOS 
& IMPLEMENTATION LEVELS 

This chapter provides an overview of the revenue sources currently used to support the 
City’s WMP-Storm program and the activities that can be supported at this time with the 
available funding.  Also discussed are compliance issues and service reductions that will 
be required if the City doesn’t increase the level of funding to support the program.   

There are several options the City can explore to address the funding shortfalls and 
avoid service reductions. These funding options and the program levels that can be 
implemented with each funding level range from performing the minimum levels of 
activities to remain in compliance with MRP to increasing the storm drain facility  
capacity, improving water quality and providing necessary rehabilitation. The 4 options 
are discussed in more detail below.   

At the end of each preceding chapter recommendations are made for both existing and 
new activities that comprise the Watershed Management Plan. These recommendations 
are numbered by priority. Within each of the following funding levels, recommendations 
that would be implemented by that funding are listed under that level’s Operations and 
Maintenance or CIP heading. As funding increases, additional recommendations can be 
implemented, and these additional recommendations for each level are indicated by 
bold text. 

EXISTING PROGRAM REVENUES- $2.8 Million 

The City’s annual expenses for WMP-Clean Storm activities are approximately $2.8 
million, not including capital improvement expenditures. Revenue supporting the 
program at this time includes the Clean Storm Fee, an annual allocation of approximately 
$200,000 from UC Berkeley’s long range development plan (LRDP) used for capital 
repairs, and a 1-time subsidy from the General Fund through FY 2013.  

Clean Storm Water Fee 

The City’s annual WMP-Clean Storm program is funded by revenue generated by the 
Clean Stormwater Fee (CSF). The CSF generates $1.9 million in annual revenue, a 
figure that has remained flat since 1991. Every owner of real property that contributes 
stormwater runoff from their property in the City of Berkeley and makes use of and is 
served by the City's storm drain infrastructure is required to pay the CSF. Each owner's 
burden on and benefit from the storm drain infrastructure is related to impervious surface 
area on the real property. Impervious surface area is land that cannot absorb water and 
thus contributes significantly more stormwater runoff to this infrastructure than if the land 
had been left undeveloped in its natural state.  

The Clean Stormwater Fund, BMC 7.76, imposes fees on each real property solely for 
the purpose of raising revenue necessary to improve the quality of stormwater 
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discharged from the City-owned stormwater conveyance infrastructure. The annual fee 
for owners of parcels in all land use categories is calculated based on the formula: 
[(parcel size x runoff factor)/(RU)] x [rate per RU]. Runoff factors for various Land Use 
Categories are provided in the BMC, while the standard runoff rate (RU) is established 
by City Council resolution. The current RU is $50.00. 

Clean Stormwater Fund revenues can only be expended for clean stormwater activities 
and no other purpose.  By definition of the ordinance, clean stormwater activities include 
programs required under the ACCWP and the MRP; operation and maintenance of the 
City's stormwater drainage infrastructure; capital improvements to repair, rehabilitate, or 
replace components of the stormwater drainage infrastructure; any other activities 
related to the foregoing; and the administration of the ordinance. 

Any future increases to the CSF would require voter approval from property owners and 
compliance with Proposition 218 requirements. 

Additional Funding Sources 

The CSF and the funding from UC Berkeley equals approximately $2.1 million. 
Nevertheless, the annual expenditures exceed program revenues by $700,000.  In order 
to address this recurring annual shortfall, beginning in FY 2011, the City significantly 
reduced expenses by cutting clean stormwater maintenance activities by 60 percent. 
With an aging system, reduced maintenance activities and little to no capital 
improvements, the City still needed to allocate a total of $700,000 in General Funds to 
provide wet weather response and limited maintenance ($500,000) and perform minimal 
capital improvements ($200,000). This subsidy will end in FY 2013.  

FUNDING LEVEL 1 – Clean Stormwater Fee Revenue + LRDP ($2.1M) 

The CSF for the average single family home is approximately $50 per year. Existing 
revenues available to the WMP Clean Storm program limit the City’s abilities to conduct 
proactive maintenance and condition assessments, undertake needed infrastructure 
repairs and meet updated MRP requirements. With the existing level of annual funding 
and the loss of the General Fund subsidy in 2014, the WMP- Clean Storm Program will 
need to decrease the service level of operations and maintenance. This also means the 
City can only address emergency capital repairs as they occur. 

Discontinuation of the $500,000 General Fund subsidy for maintenance in FY 2014 
coincides with the MRP’s unfunded mandate for Permittees to begin implementation of 
full trash capture measures. In FY 2014, the City must reach the 40% trash reduction 
goal. Under current revenues, the City cannot continue its present level of maintenance 
and achieve the full trash capture requirement. The 1-time installation cost for the trash 
capture devices is projected to be $320,000 with ongoing maintenance estimated at 
$100,000 per year. This will increase the City’s expenses by $320,000 in FY 2014 and 
$100,000 annually in FY 2015 and forward. 

Combined with the new costs to comply with the trash capture mandate ($100,000) and 
the loss of the GF subsidy for maintenance ($500,000) and capital improvements 
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($200,000), the City will need to reduce $800,000 in ongoing costs in order to align 
expenses with the available annual revenues. This will reduce maintenance & operations 
further resulting in less frequent servicing of inlets, outlets, and catch basins. This will 
also reduce the City’s overall effectiveness in preventing both stormwater pollution and 
localized flooding.  Capital repairs will also be reduced to the $200,000 in available 
funding from the LRDP.  

Watershed planning and enforcement activities will be reduced to only activities that 
maintain the City’s regulatory compliance,  further development of the watershed-specific 
management plans, investigation of grant opportunities, and coordination of watershed 
issues will be minimal. No additional hydraulic modeling of the remaining watersheds will 
be completed and activities related to creeks and creek culverts will not be implemented.   

The following WMP recommendations are activities that would be performed with the  
funding resulting from the Clean Storm Fee and the LRDP funds, $2.1 million. They do 
not represent the implementation of any new recommendation and some will be reduced 
and or eliminated in FY 2014 without new revenue.   

Operations & Maintenance 

Chapter 1: 
1.1 Inter-Departmental Coordination 
1.2 WMP Public Meetings & Presentations (eliminated in 2014)  
1.3  WWP Website (eliminated in 2014)  
 
Chapter 2: 
2.1  Global Climate Change Monitoring 
 
Chapter 3: 
3.1  San Pablo Stormwater Spine Project (Grant Funded) 
3.2   LID/GI Coordination Opportunities with Other Public Works Programs (eliminated 
in 2014)  
 
Chapter 4: 
4.1  ACCWP Planning and Regulatory Compliance (Required compliance level) 
4.2  New Development and Redevelopment Activities (Required compliance level) 
4.3   Industrial/Commercial Discharge Inspections Activities (Required compliance level) 
4.4   Private Property LID Promotion Activities (Required compliance level) 
 
Chapter 5: 
5.1   Floodplain Administration Duties (Limited but As Needed) 
5.2   Watercourse Flooding Investigations (Limited but as needed) 
5.3   Preservation and Restoration of Natural Watercourses Ordinance 
 
Chapter 7: 
7.1 Catch Basin and Inlet/Outlet Servicing (50% Service Level Drops in FY 2014) 
7.2 Minor Storm Drain Facility Repairs (50% Service Level Drops in FY 2014) 
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7.3 Wet Weather Maintenance Program (50% Service Level Drops in FY 2014) 
7.4 Misc. PW Storm Maintenance Activities 
7.5 Street Sweeping Program (Funded by Refuse Fund)  
7.6 PRW Maintenance Activities ( Funded by Parks) 
7.7 New Full Trash Capture Devices (New in 2014- Mandated Compliance)  
 

Capital Improvements Program (CIP) 

The City has budgeted roughly $400,000 for capital improvements to the Clean Storm 
program in both FY 2012 and FY 2013.  This includes an annual $200,000 subsidy from 
the General Fund as well as $200,000 received from the annual UC Berkeley allotment.  
Under this current funding scenario, the City can only address emergency repairs, but 
will be unable to implement any capital improvement recommendations of the WMP, 
including green infrastructure and other capacity improvements. 

Funding Level 1 Recommendations:  

Chapter 6: 
6.1.a. Rehabilitation Program (Current- Limited to Funding Available) 

FUNDING LEVEL 2 – Minimum Regulatory Compliance Level 
Clean Stormwater Fee ($1.9M) & Special Tax ($2.25M)  

The Minimum Regulatory Compliance Level maintains the existing CSF rates and adds a 
Special Tax that would generate an additional $2.2 million beginning in FY 2013 with an 
annual Consumer Price Index increase. At this level of funding, maintenance is restored 
to FY 2010 levels, allows the City to begin immediate implementation of WMP 
recommendations, not currently performed and maintains compliance including the 
MRP’s required full trash capture mandate by 2014.  With both the CSF and the Special 
tax, the average single family residence will pay about $104 per year. 

Watershed Planning and Enforcement 
Under this scenario, the City will continue all of its Watershed Planning and Enforcement 
activities and development of additional watershed-specific management plans, as 
findings from new data gathering efforts are analyzed.   

Hydraulic modeling of the remaining watersheds could begin in 2013 and be completed 
by 2015 (Strawberry, Schoolhouse, and Gilman – first batch; Marin, Cerrito, Wildcat, and 
Temescal – second batch), so that the existing conditions and green infrastructure 
retrofit plans can be determined and prioritized.  

                                            

 Within each of these funding levels, recommendations that would be implemented by that funding are 

listed under that level’s Operations and Maintenance or CIP heading. As funding increases, additional 
recommendations can be implemented, and these additional recommendations for each level are 
indicated by bold text. 
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Pursuit of other Citywide WMP recommendations (such as interdepartmental 
coordination with the Parks, Recreation & Waterfront and Planning departments and 
divisional coordination with Public Works Streets and Sanitary Sewers) would be 
initiated.  Coordination with other stakeholders, east of railroad tracks (City of Albany, 
CalTrans, EBMUD, Target, and UPRR) would also begin in pursuit of mutually beneficial 
long-term flood management strategy. 

Storm Drain Infrastructure Management 
FEMA Flood Plain Administration duties and investigation of watercourse flooding would 
continue and direct management of creek reaches on City property would continue. A 
combination of in-house and consultant-based CCTV inspection activities will conduct 
proactive condition assessments on 1/5 of city-owned creek culverts every year, starting in 
2013. The goal would be to complete investigation of all city-owned creek culverts every 
five years. The program would begin piloting a volunteer GPS monitoring/assessment 
program of watercourses in 2012, starting with Codornices Creek. This activity will help 
identify potential creek and habitat enhancement opportunities on City-owned lands, and 
generate additional information for watershed characterization and planning.  

The City will use a portion of program revenue as a source of matching funds often 
required for state or federal grant programs. 

Approval of a special tax requires voter approval.  

Funding Level 2 Recommendations:  

Operations & Maintenance 

Chapter 1: 
1.1 Inter-Departmental Coordination 
1.2 WMP Public Meetings & Presentations 
1.3  WMP Website 
 
Chapter 2: 
2.1  Global Climate Change Monitoring 
 
Chapter 3: 
3.1  San Pablo Stormwater Spine Project (Grant Funded) 
3.2   LID/GI Coordination Opportunities with Other Public Works Programs (Limited) 
3.3 Technical Guidance of LID BMPs 
 
Chapter 4: 
4.1  ACCWP Planning and Regulatory Compliance 
4.2  New Development and Redevelopment Activities 
4.3   Industrial/Commercial Discharge Inspections Activities 
4.4 Illicit Discharge Control Activities 
4.5   Private Property LID Promotion Activities 
4.6  Trash Assessment Protocols 
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Chapter 5: 
5.1   Floodplain Administration Duties (Limited but As Needed) 
5.2   Watercourse Flooding Investigations (Limited but as needed) 
5.3   Preservation and Restoration of Natural Watercourses Ordinance 
5.4 Creek Culvert Condition Assessment Program (Limited) 
 
Chapter 7: 
7.7 New Full Trash Capture Devices 
7.1 Catch Basin and Inlet/Outlet Servicing (Service Level Drops in FY 2013) 
7.2 Minor Storm Drain Facility Repairs (Service Level Drops in FY 2013 
7.3 Wet Weather Maintenance Program 
7.4 Misc. PW Storm Maintenance Activities 
7.5 Street Sweeping Program (Funded by 820)  
7.6 PRW Maintenance Activities (Not Funded by 831) 
 

Capital Improvements Program 

Under this scenario, the annual Clean Storm CIP budget increases to $2 million, 
beginning in 2013.  This budget will be used to address needed storm drain 
infrastructure repairs ($1 million) and to implement WMP recommended projects ($1 
million).  Site-specific repairs to the storm drain infrastructure should offer immediate 
local drainage improvements; however the costs of the WMP-recommended projects will 
require the City to set-aside a portion of CIP funds each year until enough revenue is 
amassed to take on a big-ticket project, such as the lower trunk line of the Potter 
Watershed.   
 
Funding Level 2 Recommendations:  

Chapter 6: 
6.1.a. Rehabilitation Program (Limited to Funding Available)  
6.1.b CI Program (Based on  8.1 Potter Watershed CI Priority List and 8.2 – Codornices 

Watershed CI Priority List) (Limited to Funding Availability) 

FUNDING LEVEL 3 – Limited Green Infrastructure Level 
Clean Stormwater Fee ($1.9M) & Bond Measure ($30M) Special Tax 
($2.7M) 

The Limited Green Infrastructure Level maintains the existing CSF and adds a $30 
million bond that would allow for immediate planning and construction of portions of the 
Codornices and Potter watersheds priority list. This level also includes a Special Tax with 
an annual Consumer Price Index increase generating $2.7 million annually for 
maintenance, rehabilitation of creek culverts and storm drains.  At this level of funding, 
the City would perform all of the necessary maintenance, maintain regulatory compliance 
and with the addition of staff resources, design and implement the capital improvements 
at an accelerated rate. This level of funding provides for immediate capital improvements 
in portions of the watershed, but the remainder of the necessary capital improvements 
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will take a much longer time than supported by Funding Level 4. The average annual 
cost to the single family residence is $174 (this includes both the special tax and debt 
service on the bond). 

A General Obligation Bond and the special tax both require voter approval.  

Operations & Maintenance 

Funding Level 3 Recommendations:  

Chapter 1: 
1.1 Inter-Departmental Coordination 
1.2 WMP Public Meetings & Presentations 
1.3  MWP Website 
1.4 Potter & Codornices Watershed – Public Meetings 
1.5. Partnership Opportunities 
1.6 Other Watersheds –Goals/Modeling/Priorities 
 
Chapter 2: 
2.1  Global Climate Change Monitoring 
 
Chapter 3: 
3.1  San Pablo Stormwater Spine Project (Grant Funded) 
3.2   LID/GI Coordination Opportunities with Other Public Works Programs 
3.3 Technical Guidance of LID BMPs 
3.4 Investigate “In-Lieu” Pilot Program for LID 
 
Chapter 4: 
4.1  ACCWP Planning and Regulatory Compliance 
4.2  New Development and Redevelopment Activities 
4.3   Industrial/Commercial Discharge Inspections Activities 
4.4 Illicit Discharge Control Activities 
4.5   Private Property LID Promotion Activities 
4.6  Trash Assessment Protocols 
 
Chapter 5: 
5.1   Floodplain Administration Duties (Limited but As Needed) 
5.2   Watercourse Flooding Investigations (Limited but As needed) 
5.3   Preservation and Restoration of Natural Watercourses Ordinance 
5.4 Creek Culvert Condition Assessment Program (Limited) 
5.6 Creek Restoration 
5.7 Volunteer PGS Creek Assessment Program 
5.8 Creek Guidance Materials 
 
Chapter 6: 
6.2 Hydraulic Modeling (Balance of Watersheds) 
6.3 CCTV Inspection Program 
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Chapter 7: 
7.7 New Full Trash Capture Devices 
7.8 Realignment of Storm Drain Cleaning District (Investigation) 
7.9 Investigate and Analyze Second Jet Vactor Truck 
7.10 Investigate and Analyze Sand Bag Program Improvements 
7.11 Investigate and Analyze Concentrated Leaf & Debris Clearing – Implement 

Improvements as Appropriate 
7.12 Investigate and Analyze Street Sweeping Program – Report on Findings 
7.13 Training Program and Maintenance Plan for GI 
7.1 Catch Basin and Inlet/Outlet Servicing (Service Level Drops in FY 2013) 
7.2 Minor Storm Drain Facility Repairs (Service Level Drops in FY 2013 
7.3 Wet Weather Maintenance Program 
7.4 Misc. PW Storm Maintenance Activities 
7.5 Street Sweeping Program (Funded by 820)  
7.6 PRW Maintenance Activities (Not Funded by 831) 
 

Capital Improvements Program  

In this scenario, funding from the bond is immediately available to begin implementing 
the CIP with no reserves needed.  Design activities would start in 2013. This includes 
design of Green Infrastructure projects for the Potter and Codornices Watersheds, with 
construction activities beginning in 2014.  At the same time design and permitting 
processes would begin for projects addressing the trunkline retrofits for the Potter 
Watershed; and the Second Street flooding issues in the Codornices Watershed. Once 
outside permits are obtained, project construction can begin. The outside agency 
permitting process is estimated to take 18 to 24 months. Creek Culvert and Storm Drain 
Rehabilitation Program projects would be funded at the $2M level.  

Funding Level 3 Recommendations:  

Chapter 5: 
5.5 Creek Rehabilitation Program (Combined and Prioritized with 6.1.a) 
 
Chapter 6: 
6.1.a. Rehabilitation Program (Based on Funding) 
6.1.b CI Program (Based on  8.1 Potter Watershed CI Priority List and 8.2 – 

Codornices Watershed CI Priority List)  

FUNDING LEVEL 4 – Complete Green Infrastructure Level  
Clean Stormwater Fee ($1.9M) & Special Tax ($7.7M)  

The Complete Green Infrastructure Level maintains the existing CSF and adds a Special 
Tax that will generate $7.7 million annually with an annual Consumer Price Index 
increase. Combined with the CSF, this funding level would generate $9.6 million annually 
and would keep the City in regulatory compliance, maintains watershed planning and 
enforcement and adds additional staff resources to take a proactive approach to 
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designing and constructing capital improvements. This Funding Level allows for a 
phased approach to capital improvements throughout the watersheds and in comparison 
to Funding Level 3, allows for completion of all improvements in a more timely manner. 
The average single family residence would pay about $238 per year.  

Operations & Maintenance 

Funding Level 4 Recommendations:  

Chapter 1: 
1.1 Inter-Departmental Coordination 
1.2 WMP Public Meetings & Presentations 
1.3  WMP Website 
1.4 Potter & Codornices Watershed – Public Meetings 
1.5. Partnership Opportunities 
1.6 Other Watersheds – Goals/Modeling/Priorities 

Chapter 2: 
2.1  Global Climate Change Monitoring 
 
Chapter 3: 
3.1  San Pablo Stormwater Spine Project (Grant Funded) 
3.2   LID/GI Coordination Opportunities with Other Public Works Programs 
3.3 Technical Guidance of LID BMPs 
3.4 Investigate “In-Lieu” Pilot Program for LID 
 
Chapter 4: 
4.1  ACCWP Planning and Regulatory Compliance 
4.2  New Development and Redevelopment Activities 
4.3   Industrial/Commercial Discharge Inspections Activities 
4.4 Illicit Discharge Control Activities 
4.5   Private Property LID Promotion Activities 
4.6  Trash Assessment Protocols 
 
Chapter 5: 
5.1   Floodplain Administration Duties (Limited but As Needed) 
5.2   Watercourse Flooding Investigations (Limited but As needed) 
5.3   Preservation and Restoration of Natural Watercourses Ordinance 
5.4 Creek Culvert Condition Assessment Program (Limited) 
5.6 Creek Restoration 
5.7 Volunteer PGS Creek Assessment Program 
5.8 Creek Guidance Materials 
 
Chapter 6: 
6.2 Hydraulic Modeling (Balance of Watersheds) 
6.3 CCTV Inspection Program 
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Chapter 7: 
7.7 New Full Trash Capture Devices 
7.8 Realignment of Storm Drain Cleaning District (Investigation) 
7.9 Investigate and Analyze Second Jet Vactor Truck 
7.10 Investigate and Analyze Sand Bag Program Improvements 
7.11 Investigate and Analyze Concentrated Leaf & Debris Clearing – Implement 

Improvements as Appropriate 
7.12 Investigate and Analyze Street Sweeping Program – Report on Findings 
7.13 Training Program and Maintenance Plan for GI 
7.1 Catch Basin and Inlet/Outlet Servicing (Service Level Drops In FY 2013) 
7.2 Minor Storm Drain Facility Repairs (Service Level Drops in FY 2013 
7.3 Wet Weather Maintenance Program 
7.4 Misc. PW Storm Maintenance Activities 
7.5 Street Sweeping Program (Funded by 820)  
7.6 PRW Maintenance Activities (Not Funded by 831) 
 

Capital Improvements Program  

In 2013, in-house planning and design capacity will accelerate CIP implementation.   
The annual budget for CIP will be stable at about $5.5 million.  As with the Scenario 2 
the City will use $1 million per year to address immediate needed repairs, starting in 
2013.  However, with the Sustainable Green Infrastructure Level, $4.5 million per year 
can be accrued to undertake big-ticket projects in phases.  With the increased revenue 
to build a sizable CIP set aside, the City will be able to implement projects much faster 
than under the Minimum Regulatory Compliance Level. Thus, the water quality, flood 
management and environmental benefits will be realized sooner.   
 
In 2013, staff will begin designing Potter and Codornices tailwater improvements, while 
setting aside $4.5 million each year for future repairs.  In 2014, with the CIP reserve from 
2013 and $4.5 million of new revenue in FY 2014, the City will use the $9 million to begin 
construction of Potter Watershed trunkline retrofits.  Staff will also begin designing the 
next phase of trunkline improvements or the Codornices priority project for 2016 
implementation with the CIP reserve from 2015 and new revenue in 2016.  During this 
time, green infrastructure planning and design will start for Codornices Park and for sites 
east of Shattuck in the Codornices and Potter Watersheds respectively.   

Funding Level 4 Recommendations: 

Chapter 5: 
5.5 Creek Rehabilitation Program (Combined and Prioritized with 6.1.a) 
 
Chapter 6: 
6.1.a. Rehabilitation Program (Based on Funding) 
6.1.b CI Program (Based on  8.1 Potter Watershed CI Priority List and 8.2 – 

Codornices Watershed CI Priority List)  
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B: Public Meeting – January 10, 2010 

B –1: Agenda 

B – 2: Presentation 

B – 3: Public Comments 
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MAPS: 

C – 1: City of Berkeley Drainage Map 

C – 2: Storm Maintenance Districts Map  

C – 3: Potter Watershed Existing System Results Map 

C – 4: Codornices Watershed Existing Conditions Map 

C – 5: Potter Watershed SWMM Nodes and Pipe Capacities – Traditional Q10 Retrofit 
Results Map  

C – 6: Potter Watershed Green Retrofit System Results 

C – 7: Codornices Watershed Green Infrastructure Possibilities Map 

C – 8: Codornices Watershed Green Retrofit Results Map 

 

Page 158 of 260



 APPENDIX D: BALANCE HYDROLOGICS REPORT 

APPENDICES page 99 

D: Draft Potter and Codornices Watersheds Hydrology and Hydraulics Report (DRAFT 
– July 26, 2011) 
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Project Name and Location Project Description Planning or 

Implementation Status 
Green Infrastructure Measures Included 

Rose-Hopkins Bioswale: 
Intersection of Rose St, Hopkins 
St, and Curtis St., Berkeley, CA 

Remove concrete traffic 
island and replace with a 
bioswale and make required 
drainage modifications. 

Construction Complete Bioswale, drainage improvements. 

Bus Pad Renovation at NW 
Corner Shattuck Ave at 
University Ave, Berkeley, CA 

Remove existing 
impermeable bus pad and 
replace with flow through 
concrete pavers. 

Construction Complete Permeable pavers with <5mm gap openings to 
capture trash and promote infiltration. 

Hearst Ave. Complete Streets: 
Hearst Ave. between Shattuck 
Ave. and Gayley Rd, Berkeley, 
CA 

A bioretention planter was 
installed at Hearst and 
Oxford along with bike lane 
and pedestrian crossing 
improvements.  

Construction Complete Bioretention planter. 

BART Plaza Transit Area 
Improvement Project: 
Shattuck Avenue between 
Allston Way and Center St, 
Berkeley, CA 

Reconstruct City-owned 
BART Plaza, replace existing 
bus shelters and BART station 
entry structures, new lighting, 
landscaping, etc. 4 
bioretention planters 
installed on the Plaza along 
Shattuck collect and treat 
runoff from Shattuck. 

Construction Complete 4 Bioretention planters.  

Bioswale and underground 
flow detention facility at 
Woolsey St between Adeline St 
and Tremont St, Berkeley, CA   

Install underground flow 
detention facility, bioswale 
to treat local runoff, and 
improve existing treewells to 
promote tree health. 

Construction planned for 
2019.  

Bioswale, improve flow attenuation. 

San Pablo Avenue Storm 
Water Spine: 1198 San Pablo 
Ave, Berkeley, CA. 

S.F. Estuary 
Institute/Caltrans/Berkeley 
project to install bioswale in 
front of fast food restaurant. 

Construction planned for 
2019. 

Bioswale. 
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Appendix C. General Guidelines for GI Projects 

These General Guidelines have been developed to guide the City of Berkeley in designing a 

project that has a unified, complete design that implements the range of functions associated 

with GI projects, and in providing for appropriate coordination of projects and project elements. 

The guidelines apply to projects that incorporate GI into an existing roadway segment or a 

previously developed public parcel and are not Regulated Projects as defined in Provision C.3.b 

of the MRP. The guidelines are organized as follows. 

Section C.1 Functions Associated with GI 

Section C.2 Guidelines for GI Retrofits of Existing Streets 

Section C.3 Guidelines for GI Retrofits of Public Parcels 

Section C.4 Guidelines for Coordination of Projects 

Attachment C-1 Hydraulic Sizing Criteria 

Attachment C-2 Worksheet for Calculating the Combination Flow and Volume Method 

Attachment C-3 Mean Annual Precipitation Map of Alameda County 

Attachment C-4 Standard Specifications and Typical Designs 

Attachment C-5 Capital Improvement Projects Sign-Off Form 

C.1C.1C.1C.1    Functions Associated with GI Functions Associated with GI Functions Associated with GI Functions Associated with GI     

The functions associated with GI retrofits of existing streets and GI retrofits of public parcels are 

identified below. 

C.1.1 Functions Associated with GI Retrofits of Existing Streets 

The following functions are associated with GI retrofits of existing streets: 

• Street use for stormwater management, including treatment; 

• Safe pedestrian travel; 

• Consistency with and support of neighborhood functionality; 

• Compatibility with underground infrastructure;  

• Use as public space for bicycle, transit, and vehicle movement/parking; and 

• Use as locations for urban forestry. 

 

C.1.2 Functions Associated with GI Retrofits of Public Parcels 

Existing facilities on public parcels may be retrofitted with GI. Although there are potentially a 

wide range of public uses that could occur on various parcels, key issues are associated with the 

outdoor use of public parcels for landscaping and parking. The following functions are 

associated with GI retrofits of public parcels: 
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• Site use for stormwater management and landscaping 

• Circulation and parking within the site 

CCCC.2 .2 .2 .2 Guidelines for GI Retrofits of Existing StreetsGuidelines for GI Retrofits of Existing StreetsGuidelines for GI Retrofits of Existing StreetsGuidelines for GI Retrofits of Existing Streets    

 
Streets must perform the range of functions described in Section C.1.1. The following are general 

guidelines for designing and constructing GI facilities within the right-of-way of existing streets, to 

address the full range of functions. Additional design guidance for GI facilities, which are also 

referred to as low impact development (LID) stormwater treatment facilities, is provided in 

Chapters 5 and 6 of the Alameda Countywide Clean Water Program’s C.3 Technical Guidance, 

which may be downloaded at, www.cleanwaterprogram.org (click Businesses, then 

Development). 

C.2.1 Guidelines Addressing Street Use for Stormwater Management  

 

The GI guidelines to support street functionality for stormwater management are organized 

around the following objectives:   

• Convey stormwater to GI facilities;  

• Identify the appropriate GI typical designs for the project site; 

• Apply appropriate hydraulic sizing criteria; and 

• Convey stormwater away from transportation facilities.  

Convey Stormwater to GI Facilities 

GI retrofits of existing streets must be designed to convey stormwater runoff from the roadway 

surface to the proposed GI facilities. Key issues include working with the street profile, working 

with the existing drainage system, and considering conveyance facilities where needed. 

Work with the Existing Street Profile  

Modifying the profile of an existing street is costly. Therefore, the designs of GI street 

retrofits should generally maintain the existing street profile. The street profile affects how 

stormwater runoff flows off of a street, and is considered in the design of GI facilities. The 

most common street profile is crowned, although some streets may be reverse crowned, 

or may drain to one side, as illustrated in Figures C-1 through C-3. Occasionally, a street 

may have a flat profile, such as the example shown in Figure C-4, as could be used for a 

pervious pavement street. Unless pervious pavement is used for the full width of the 

street, GI facilities would be located downslope from the roadway surface. In a crowned 

street, this may allow for GI facilities on both sides of the street. In a reverse crowned 

street, GI facilities may be considered in the median; and in a side-sloping street, GI 

facilities would be located on the downslope side. 
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Figure C-1. Crowned Street Profile. A crowned street is designed 

so that the highest elevation is in the middle of the street, such 

that stormwater runoff drains to the sides of the street. GI 

facilities may be located on either side of the street. 

Figure C-2. Reverse Crowned Street Profile. A reversed crowned 

street is the opposite of a crowned street and directs runoff to 

the center line of the street. GI facilities may be considered in 

the median. 

  

Figure C-3. Side Shed Street Profile. Side shed streets are 

designed to shed all water to one side of the street. GI facilities 

would be located on the downslope side. 

Figure C-4. Flat Street Profile. Flat streets are designed to drain 

through pervious paving. While these facilities do not have a 

marked slope, they may be graded slightly so that they drain to 

the sides or center of the street when there is too much water.  

Source: San Mateo Countywide Water Pollution Prevention Program/Nevue Ngan  
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Work with the Existing Drainage Facilities  

If an underdrain will be included in the GI facility design, a street retrofit site should have 

an existing storm drain line or creek, to which the underdrain may be connected. If there 

is no existing storm drain line, subject to municipal approval, in lieu of an underdrain, sites 

with poorly draining soils may potentially be designed with an oversized reservoir layer of 

rock below the GI facility. The rock layer would be sized to hold the amount of runoff 

identified in Section 6, Hydraulic Sizing Requirements. This approach was used in the City 

of Burlingame’s Donnelly Street green street project (Figure C-5), because there was no 

available storm drain line. 

 

Consider Conveyance Facilities  

In some cases, a street retrofit project may be located near an appropriate site for a 

larger stormwater facility than can be accommodated in the typical street right-of-way. 

For example, a street retrofit project may be designed to convey stormwater runoff to a 

bioretention facility that will be constructed on an adjacent park or greenway. This 

approach is illustrated by the City of El Cerrito’s Ohlone Greenway Natural Area and Rain 

Garden project’s incorporation of a rain garden (Figure C-6) that captures and treats 

stormwater runoff from an adjacent segment of Fairmont Boulevard. Various methods 

may be considered for conveying runoff to nearby GI facilities, including trench drains 

(Figure C-7) and vegetated swales or vegetated channels (Figure C-8).  

 

Figure C-5. Donnelly Street Green 

Street Project. The Donnelly Street 

Green Street Project includes a 

rain garden, pictured at right, 

which captures runoff from the 

adjacent commercial buildings 

and parking lot. The rain garden 

was designed with no underdrain 

and an enlarged subsurface layer 

of rock, which serves as a reservoir 

and allows runoff to slowly 

infiltrate to the underlying soil. The 

system was designed for onsite 

management of flows that 

exceed the 30-year storm. An 

overflow to the curb is provided 

for a 50- to 100-year event 

scenario. 

Source: City of Burlingame  
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Identify the Appropriate Typical Design for Street Project Site 

Refer to Attachment C-4 of this appendix to identify appropriate typical design drawings for the 

project. Typical designs have been developed for various conditions that may occur at a 

project site. GI projects may also utilize design guidance provided in Chapter 6 of the C.3 

Technical Guidance manual for other types of low impact development storm water treatment 

facilities, subject to municipal staff approval. 

Figure C-6. Ohlone 

Greenway Natural Area and 

Rain Garden. This rain 

garden captures and treats 

runoff from an adjacent 

segment of Fairmont 

Boulevard. In this instance, 

the rain garden location 

provided an opportunity to 

convey and treat 

stormwater outside the 

street right-of-way. 

Source: PlaceWorks 

Figure C-8. Pervious Drainage Channel. 

Pervious, unlined drainage channels can 

be designed to convey runoff to GI 

facilities. 

Figure C-7. Trench Drain. A trench drain can be 

used to convey runoff to GI facilities. 
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Apply the Appropriate Hydraulic Sizing Criteria 

Refer to Attachment C-1 for guidance on identifying and using the appropriate hydraulic sizing 

criteria for the proposed project.   

Convey Stormwater away from Transportation Facilities 

To manage the risk of flooding, adequate drainage facilities must be provided for all segments 

of roadway, in accordance with the City of Berkeley’s storm drainage design standards, 

including design criteria, standards, policies, and procedures for storm drainage improvements. 

All storm drainage facilities must be designed in accordance with the applicable standards and 

accepted engineering principles, as directed by Public Works Department. 

C.2.2 Guidelines Addressing Pedestrian Travel within Street Right of Way 

To help reduce pollution from automobiles, the City of Berkeley has goals to improve and 

expand transportation choices, including the pedestrian mode of travel. As part of meeting 

these goals, the design of GI retrofits of existing streets should incorporate measures that seek to 

enhance the safety and attractiveness for pedestrians. The following measures may be 

considered: 

• Incorporate into project intersections curb extensions, also referred to as bulbouts, which 

reduce the street width at intersections and shorten the length of street crossings for 

pedestrians, while also providing space for GI facilities (see Figure C-9).  

• Provide attractive landscaping designs that enhance the sense of place for pedestrians 

and may potentially include amenities such as shade trees and seating areas.  

• Locate the GI facility between the sidewalk and vehicle travel lanes, in order to 

enhance pedestrian safety by providing protected sidewalks.   
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C.2.3 Guidelines Addressing Street Use for Bicycle, Transit, and Vehicle 

Movement/Parking  

Complete streets balance the needs of pedestrian, bicycle, automobile, and public transit 

modes of travel. To meet the goal of improving and expanding transportation choices, 

described in Section C.2.2, in addition to pedestrian transportation, GI retrofits of existing streets 

must also be designed to accommodate bicycles, motor vehicles, and, where appropriate, 

public transit. The design and construction of each GI project should incorporate appropriate 

measures to enhance transportation safety and help improve the attractiveness of alternative 

modes of travel. The following measures may be considered:  

Bicycle-Friendly Measures 

• Include bicycle lanes in GI retrofits of existing streets. 

• Provide a protected bicycle lane by locating a GI facility or other landscaped area, or a 

lane of parking, between a bicycle lane and lanes of motor vehicle travel.  

• Include bicycle racks in GI street retrofit projects. 

Public Transit-Friendly Measures 

• Enhance the comfort of public transit users by providing shelter, shade, and greenscape 

at bus stops and other public transit stops. 

• Integrate GI into transit facilities, such as boarding bulbs and islands, or rooftops of transit 

shelters.  

• Provide bicycle racks at public transit stops.  

 

Figure C-9. Curb Extension. In 

addition to reducing the street width 

and shortening the length of street 

crossings for pedestrians, curb 

extensions, or “bulbouts,” such as this 

example in Albany, also provide 

space for GI facilities. 

Source: bluegreenbldg.com 
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Motor Vehicle-Friendly Measures 

• Implement GI with geometric changes that reduce vehicle speed and/or improve 

visibility. This may include “road diet” projects that reduce the number of lanes of travel, 

or traffic calming projects that incorporate areas of landscaping, such as traffic islands, 

as visual cues to help slow down traffic.  

• Provide visual cues to help slow down traffic and alert drivers to the presence of GI 

facilities, to help prevent motor vehicles from driving into a stormwater facility. Visual 

cues may include curbs and landscaping that is readily visible to drivers.   

C.2.4 Guidelines Addressing Urban Forestry in Public Right of Way 

Increasing the planting of street trees in the City of Berkeley is anticipated to benefit local water 

quality, air quality, energy efficiency, and property values. GI projects should incorporate 

measures to preserve existing street trees and promote the planting of new street trees. The 

following measures should be incorporated, as appropriate:  

• Prioritize the preservation of existing mature trees.  

• Replace any mature trees that are removed by the project.  

• Maximize the planting of new trees in accordance with City standards. 

• The planting of trees within a GI facility should follow guidance, including the 

identification of appropriate species, provided in Appendix B of the ACCWP C.3 

Technical Guidance, which may be downloaded at www.cleanwaterprogram.org (click 

Businesses, then Development).  

C.3 C.3 C.3 C.3 Guidelines for GI Retrofits of Public ParcelsGuidelines for GI Retrofits of Public ParcelsGuidelines for GI Retrofits of Public ParcelsGuidelines for GI Retrofits of Public Parcels    

Public parcels must perform the range of functions described in Section C.1. The following 

guidelines provide general guidelines for GI retrofitting of public parcels, to address the full 

range of functions. Additional design guidance for GI facilities, which are also referred to as low 

impact development (LID) storm water treatment facilities, is provided in Chapters 5 and 6 of the 

ACCWP C.3 Technical Guidance, which may be downloaded at, www.cleanwaterprogram.org 

(click Businesses, then Development).  

C.3.1 Guidelines to Address Parking Lot Use for Landscaping and Stormwater 

Management 

Parking lots often contain excess parking spots and oversized parking spaces and drive aisles. GI 

retrofits of public parcels should consider options to reduce any unnecessary parking areas, in 

order to provide space for landscaping, stormwater management, and pedestrian walkways. 

The following measures may be considered:  

Consider Specifying Pervious Paving Pervious paving may be used in parking lot designs. 

Where pervious paving is underlain with pervious soil or pervious storage material sufficient to 

hold the Municipal Stormwater Regional Permit Provision C.3.d volume of rainfall runoff, it is not 

considered impervious and can function as a self-treating area. Please see Section 6.6 of the C.3 

Technical Guidance for further design guidance for pervious pavement installations.   
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Convey Stormwater to GI Facilities 

GI retrofits of existing sites must be designed to convey stormwater runoff from impervious 

surfaces (roofs and/or parking lots) to the proposed GI facilities. Key issues include working with 

the existing drainage system, and considering conveyance facilities where needed. 

Work with the Existing Drainage System  

If an underdrain will be included in the GI facility design, the site should have access to 

an existing storm drain line, to which the underdrain may be connected. If there is no 

existing storm drain line, subject to municipal approval, in lieu of an underdrain, sites with 

poorly draining soils may potentially be designed with an oversized reservoir layer of rock 

below the GI facility. The rock layer would be sized to hold the amount of runoff 

identified in Section 6, Hydraulic Sizing Requirements. This approach was used in the City 

of Burlingame’s Donnelly Street green street project (Figure C-5), because there was no 

available storm drain line. 

Consider Conveyance Facilities  

Various methods may be considered for conveying runoff from impervious surfaces to GI 

facilities, including trench drains (Figure C-7) and vegetated swales or vegetated 

channels (Figure C-8).  In parking lots that include speed bumps, consider using speed 

bumps to help direct stormwater runoff to GI facilities.  

Identify the Appropriate Typical Design for the Project Site 

Refer to Attachment C-4, included in this appendix, to identify appropriate typical design 

drawings for the project. Typical designs have been developed for various conditions that may 

occur at a project site. GI projects may also utilize design guidance provided in Chapter 6 of the 

C.3 Technical Guidance manual for other types of low impact development storm water 

treatment facilities, subject to municipal staff approval. 

Apply the Hydraulic Sizing Criteria Identified in Provisions C.3.c and C.3.d 

Refer to Attachment C-1 for guidance on using the appropriate hydraulic sizing criteria in MRP 

Provisions C.3.c and C.3.d as applicable to design GI projects that are not regulated by Provision 

C.3.b (“non-Regulated Projects). 

Prioritize Tree Preservation and Planting 

In order to benefit local water quality, air quality, energy efficiency, and property values, GI 

projects on public parcels should incorporate measures to preserve existing street trees and 

promote the planting of new trees. The following measures should be incorporated, as 

appropriate:  

• Prioritize the preservation of existing mature trees.  

• Replace any mature trees that are removed by the project.  

• Maximize the planting of new trees in accordance with City Standards. 
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• Incorporate trees in landscaped areas within parking lots – which serves to shade 

vehicles and paved surfaces, improve air and water quality, intercept stormwater in the 

tree canopy, and take up stormwater through the root system. 

• The planting of trees within a GI facility should follow guidance, including the 

identification of appropriate species, provided in Appendix B of the ACCWP C.3 

Technical Guidance, which may be downloaded at www.cleanwaterprogram.org (click 

Businesses, then Development).  

C.3.2 Guidelines to Address Parking Lot Use for Vehicular Parking  

GI retrofits of public parcels should provide for adequate motor vehicle and bicycle parking for 

the proposed public use. The following measures may be considered:   

• Include bicycle parking facilities. 

• Provide pedestrian walkways within parking lots, including bridged walkways across GI 

facilities.  

• Provide safe pedestrian access to and directional signage for adjacent public transit 

stops.  

• Consider other improvements to enhance existing pedestrian circulation and safety. 

• Depending on the type of use, larger public parcel retrofits should consider providing 

bicycle storage, changing rooms, and preferred parking for carpooling 

C.4 C.4 C.4 C.4 Guidelines for Guidelines for Guidelines for Guidelines for Coordination of ProjectsCoordination of ProjectsCoordination of ProjectsCoordination of Projects    

Installing GI components at a project prior to the completion of that project, or the construction 

of an adjacent project, has the potential to degrade the functioning of the GI facility. Street 

improvement or other infrastructure projects, the development of public parcels, and other 

public and private projects should therefore include coordination of construction schedules to 

minimize impacts to GI.  

The following measures shall be implemented in all GI projects to protect investments in GI: 

1. GI facilities shall not be used as temporary sediment basins during construction. 

2. Erosion control plans shall include protections for GI; erosion control plans are subject 

to applicable requirements. 

3. Installed GI facilities shall be protected from construction runoff and kept offline until 

the contributing drainage area is stabilized. 

Contractors are encouraged to construct GI facilities at the end of a project, to help protect the 

facilities from construction-related impacts. 

Page 173 of 260



DRAFT GREEN INFRASTRUCTURE PLAN  C1-1  JULY 2019 

 

Attachment C-1: Hydraulic Sizing Criteria 

 

This provides guidance on the following topics: 

• Hydraulic sizing criteria in MRP Provisions C.3.c and C.3.d as applicable to GI projects that 

are not regulated by Provision C.3.b (“non-Regulated Projects) 

• Alternate sizing approach for constrained street projects  

C1.1 C1.1 C1.1 C1.1 Hydraulic Sizing Hydraulic Sizing Hydraulic Sizing Hydraulic Sizing Criteria in MRP Provisions C.3.c and C.3.dCriteria in MRP Provisions C.3.c and C.3.dCriteria in MRP Provisions C.3.c and C.3.dCriteria in MRP Provisions C.3.c and C.3.d    

Provision C.3.c requires the use of low impact development (LID) stormwater controls. To meet 

the MRP definition of LID, bioretention facilities must have a surface area no smaller than what is 

required to accommodate a 5 inches/hour stormwater runoff surface loading rate, and infiltrate 

runoff through biotreatment soil media at a minimum of 5 inches per hour.  

Provision C.3.d of the MRP includes volume-based, flow-based, and the combination volume-

and flow-based hydraulic sizing criteria. Bioretention areas may be sized using a simplified flow-

based hydraulic sizing method, known as the “4 percent method,” in which the surface area of 

the bioretention area is 4 percent of the effective impervious surface area that is treated. 

However, by using a combination volume- and flow-based hydraulic sizing approach, it may be 

possible to provide a bioretention area that is less than 4 percent of the effective impervious 

surface area, which can help reduce costs. Step-by-step instructions for using the 4 percent 

method and the volume-based sizing criteria are provided in Section 5.1 of the C.3 Technical 

Guidance. Guidance for using the combination flow and volume criteria from Section 5.1 of the 

C.3 Technical Guidance document are copied below. The worksheet for using this method is 

provided in Attachment C-2. 

The implementation of LID stormwater treatment facilities designed in accordance with 

Provisions C.3.c and C.3.d of the MRP will provide hydromodification management benefits by 

infiltrating and detaining stormwater runoff. 

Step-by-Step Guidance for Combination Flow and Volume Method 

To apply the combination flow and volume approach, use the following steps, which 

may be performed using the combination flow and volume sizing criteria Excel worksheet 

provided in Attachment C-2 of this appendix. 

1. Mean Annual Precipitation 

• Determine the mean annual precipitation (MAP) for the project site using the 

Mean Annual Precipitation Map of Alameda County (Attachment C-3). Use the 

Oakland Airport unit basin storage volume values from Table C1-1(below) if the 
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project location’s mean annual precipitation is 16.4 inches or greater and the San 

Jose values if it is less than 16.4 inches. 

• In order to account for the difference between MAP of the project site and the 

two rainfall locations shown, calculate the MAP adjustment factor by dividing the 

project MAP by the MAP for the applicable rain gauge, as shown below: MAP 

adjustment factor = (project location mean annual precipitation 

���	�����	
��		
��	�� = (������		����	���	
���	������	�������	�	���)
(18.35	��	14.4, ��	���������	�)  

 

2. Effective Impervious Area for the Drainage Management Area 

• Based on the topography of the site and configuration of buildings, divide the site 

into drainage management areas (DMAs), each of which will drain to a 

treatment measure. Implement the steps below for each DMA with a volume-

based treatment measure. 

• Minimize the amount of landscaping or pervious pavement that will contribute 

runoff to the treatment measures. Refer to Sections 4.1 and 4.2 of the C.3 

Stormwater Technical Guidance to design areas of landscaping or pervious 

pavement as “self-treating areas” or “self-retaining areas,” so that they do not 

contribute runoff to the LID treatment measure and may be excluded from the 

DMAs for the treatment measures. 

• For each DMA in which the area that will contribute runoff to the treatment 

measure includes pervious surfaces (landscaping or properly designed pervious 

paving), multiply the area of pervious surface by a factor of 0.1. 

• For applicable DMAs, add the product obtained in the previous step to the area 

of impervious surface, to obtain the “effective impervious area.” (For DMAs that 

are 100% impervious, use the entire DMA area.) 

 

3. Unit Basin Storage Volume 

• The effective impervious area of a DMA has a runoff coefficient of 1.0. Refer to 

Table C1-1 to obtain the unit basin storage volume that corresponds to your rain 

gauge area. For example, using the Oakland Airport gauge, the unit basin 

storage volume would be 0.67 inches. Adjust the unit basin storage volume for the 

site by multiplying the unit basin storage volume value by the MAP adjustment 

factor calculated in Step 1. 

• Calculate the required capture volume by multiplying the effective impervious 

area of the DMA calculated in Step 2 by the adjusted unit basin storage volume. 

Due to the mixed units that result, such as acre-inches, it is recommended that 

the resulting volume be converted to cubic feet for use during design. For 

example, say you determined the adjusted unit basin storage volume to be 0.5 

inches, and the effective impervious area draining to the bioretention facility is 

7,000 square feet. Then the required capture volume would be: 

��������	���	���	����
� = 0.5	���ℎ��	 × # 1	
��	
12	���ℎ��% × 7,000	
��	' = 292	��)��	
��	 

 

 

 

 

 

Page 175 of 260



DRAFT GREEN INFRASTRUCTURE PLAN  C1-3  JULY 2019 

Table C1-1. Unit Basin Storage Volume (Inches) for 80 Percent Capture  

with 48-Hour Drawdown Time 

  
Unit Basin Storage Volume for Effective Impervious 

Area of Drainage Management Area 

Location 

Mean Annual 

Precipitation 

(inches) 

Coefficient of 1.00 

Oakland 

Airport 
18.35 0.67 

San Jose 14.4 0.56 

Source: CASQA 2003, cited in Table 6-2 of the C.3 Technical Guidance. 

 

4. Depth of Infiltration Trench or Pervious Paving Base Layer 

• Assume that the rain event that generates the required capture volume of runoff 

determined in Step 3 occurs at a constant rainfall intensity of 0.2 inches/hour from 

the start of the storm (i.e., assume a rectangular hydrograph). Calculate the 

duration of the rain event by dividing the unit basin storage volume by the 

intensity. In other words, determine the amount of time required for the unit basin 

storage volume to be achieved at a rate of 0.2 inches/hour. For example, if the 

unit basin storage volume is 0.5 inches, the rain event duration is 0.5 inches ÷ 0.2 

inches/hour = 2.5 hours. 

 

5. Preliminary Estimate of the Surface Area the Facility 

• Make a preliminary estimate of the surface area of the bioretention facility by 

multiplying the DMA’s impervious area (or effective impervious surface if 

applicable) by the 4 percent method sizing factor of 0.04. For example, a 

drainage area of 7,000 square feet of impervious surface × 0.04 = 280 square feet 

of bioretention treatment area. 

• Assume a bioretention area that is about 25% smaller than the bioretention area 

calculated with the 4 percent method. Using the example above, 280 – (0.25 × 

280) = 210 square feet. 

• Calculate the volume of runoff that filters through the biotreatment soil at a rate of 

5 inches per hour (the design surface loading rate for bioretention facilities), for 

the duration of the rain event calculated in Step 4. For example, for a 

bioretention treatment area of 210 square feet, with an infiltration rate of 5 inches 

per hour for a duration of 2.5 hours, the volume of treated runoff = 210 square 

feet × 5 inches/hour × (1 foot/12 inches) × 2.5 hours = 219 cubic feet. (Note: when 

calculating ponding depth, the mulch layer is not included in the calculation.) 

 

6. Initial Adjustment of Depth of Surface Ponding Area 

• Calculate the portion of the required capture volume remaining after treatment is 

accomplished by filtering through the treatment soil. The result is the amount that 

must be stored in the ponding area above the reduced bioretention area 

assumed in Step 6. For example, the amount remaining to be stored comparing 

Step 3 and Step 5 is 292 cubic feet – 219 cubic feet = 73 cubic feet. If this volume 
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is stored over a surface area of 210 square feet, the average ponding depth 

would be 73 cubic feet ÷210 square feet = 0.35 feet or 4.2 inches. 

• Check to see if the average ponding depth is between 6 and 12 inches, which is 

the recommended allowance for ponding in a bioretention facility or flow-

through planter. 

7. Optimize the Size of the Treatment Measure 

• If the ponding depth is greater than 12 inches, a larger surface area will be 

required. (In the above example, the optimal size of the bioretention area is 190 

square feet with a ponding depth of 6 inches.) In order to build conservatism into 

this sizing method, the Countywide Program recommends that municipalities not 

approve the design of any bioretention areas or rain gardens that have a surface 

area that is less than 3 percent of the effective impervious area within the DMA. 

Please note that Appendix C of the C.3 Stormwater Technical Guidance includes an example of 

sizing bioretention areas using the combination flow- and volume-based method. 

 

C1.2 Alternate Sizing Approach for Constrained Street Projects  

Provision C.3.j.i.(2)(g) of the MRP allows the jurisdictions subject to the MRP (MRP Permittees) to 

develop an alternate sizing approach for street projects that are not subject to Provision C.3.b.ii. 

(non-Regulated Projects) in which project constraints preclude fully meeting the C.3.d sizing 

requirements. This approach, developed by the Bay Area Stormwater Management Agencies 

Association (BASMAA), is described as follows. 

The Guidance for Sizing Green Infrastructure Facilities in Street Projects, provided by BASMAA 

and included as Attachment C-6, states that bioretention facilities in street projects should be 

sized as large as feasible and meet the Provision C.3.d sizing criteria where possible. It further 

states that bioretention facilities in street projects smaller than what would be required to meet 

the Provision C.3.d criteria may be appropriate in some circumstances, and provides guidance 

that may be applied to those circumstances. 
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Attachment C-2: Worksheet for Calculating the 

Combination Flow and Volume Method 

 

The worksheet for calculating the combination flow and volume method is provided on the 

following page. 
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Attachment C-3: Mean Annual Precipitation Map 

 

The Mean Annual Precipitation Map for Alameda County is provided on the following page. 
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This map is Attachment 6 of the Alameda County Hydrology & Hydraulics Manual and may be downloaded as a GIS file from the Alameda County Flood Control District website.

(District 2011) 

Page 181 of 260



CITY OF BERKELEY GREEN INFRASTRUCTURE PLAN C4-1 ATTACHMENT C-4 

Attachment C-4: Standard Specifications and Typical 

Designs 

Standard specifications and typical design drawings for GI projects are provided on the 

following pages. 
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NOTES & GUIDELINES:

1. THE ENGINEER SHALL ADAPT PLAN AND SECTION DRAWINGS TO ADDRESS SITE-SPECIFIC CONDITIONS.

2. BIORETENTION AREA SHALL BE SIZED TO MEET THE REQUIREMENTS OF MRP PROVISION C.3 SIZING.

3. 48 HOUR MAXIMUM FACILITY DRAWDOWN TIME (TIME FOR MAXIMUM SURFACE PONDING TO DRAIN THROUGH THE

BIOTREATMENT SOIL AFTER THE END OF A STORM). REFER TO C.3 TECHNICAL GUIDANCE MANUAL (ACCWP) FOR DRAINAGE

CONSIDERATIONS.

4. A STORAGE LAYER OF CALTRANS STANDARD CLASS II  PERMEABLE MATERIAL IS REQUIRED UNDER THE BIOTREATMENT

SOIL. REFER TO C.3 TECHNICAL GUIDANCE MANUAL (ACCWP) FOR SPECIFICATIONS.

5. CHECK DAMS SHALL BE USED TO TERRACE FACILITIES TO PROVIDE SUFFICIENT PONDING FOR SLOPED INSTALLATIONS.

ENGINEER SHALL SPECIFY CHECK DAM HEIGHT AND SPACING.  REFER TO DETAIL GI-7 FOR GUIDANCE ON CHECK DAM

DESIGN.

6. DEPENDING ON THE DEPTH OF THE BIORETENTION AREA, ADDITIONAL STRUCTURAL CONSIDERATIONS MAY BE REQUIRED

TO ADDRESS HORIZONTAL LOADING.  REFER TO DETAIL GI-5 FOR GUIDANCE ON EDGE TREATMENTS.

7. WHEN FACILITY CONSTRUCTION IMPACTS EXISTING SIDEWALK, ALL SAW CUTS SHALL ADHERE TO LOCAL JURISDICTION

STANDARDS. SAW CUTS SHALL BE ALONG SCORE LINES OR ALONG CONSTRUCTION JOINTS, AS DETERMINED BY THE CITY

ENGINEER, AND ANY DISTURBED SIDEWALK FLAGS SHALL BE REPLACED IN THEIR ENTIRETY.

8. BIORETENTION AREAS IN PUBLIC RIGHT OF WAY SHALL BE DESIGNED WITH AN EMERGENCY OVERFLOW. IN THE EVENT

THE BIORETENTION AREA OVERFLOW DRAIN IS OBSTRUCTED OR CLOGGED, THE INUNDATION AREA SHALL BE CONTAINED

WITHIN THE STREET AND SHALL NOT BE WITHIN ADJACENT PRIVATE PROPERTIES.

9. BIORETENTION AREA VEGETATION SHALL BE SPECIFIED BY LANDSCAPE DESIGN PROFESSIONAL. SEE C.3 TECHNICAL

GUIDANCE MANUAL (ACCWP) FOR PLANT LIST AND VEGETATION GUIDANCE.

10. THE ENGINEER SHALL EVALUATE THE NEED FOR EROSION PROTECTION AT ALL INLET LOCATIONS. ALL COBBLES USED

FOR ENERGY DISSIPATION SHALL BE GROUTED. ENGINEER TO CONSIDER MAINTENANCE REQUIREMENTS TO FACILITATE

EASY SEDIMENT REMOVAL AND ADEQUATE VECTOR CONTROL.

11. THE PROJECT PLANS SHALL SHOW ALL EXISTING UTILITIES AND INDICATE POTENTIAL UTILITY CROSSINGS OR CONFLICTS.

12. CHECK WITH LOCAL JURISDICTION FOR UTILITY CROSSING PROVISIONS.

13. MINIMUM UTILITY SETBACKS AND PROTECTION MEASURES SHALL CONFORM TO  CURRENT LOCAL JURISDICTION

STANDARDS AND OTHER UTILITY PROVIDER REQUIREMENTS.

14. VERTICAL SIDEWALLS EXTENDING INTO EXISTING STORM DRAIN PIPE TRENCH BACKFILL SHALL BE DESIGNED WITH A

CONCRETE BACKFILL ACCEPTABLE TO THE CITY ENGINEER.

15. OVERFLOW RISER MUST BE FORMED SUCH THAT IT IS A MINIMUM OF 6" ABOVE THE BOTTOM OF THE SYSTEM INLET, OR AS

DESIGNED. PLACE STRUCTURE ADJACENT TO PEDESTRIAN EDGE TO ALLOW FOR MONITORING ACCESS.

16. DETAILS WERE ADAPTED FROM SFPUC GREEN INFRASTRUCTURE TYPICAL DETAILS AND SPECIFICATIONS.

17. DETAILS WERE DEVELOPED BY GEOSYNTEC CONSULTANTS.

RELATED TECHNICAL GUIDANCE SOURCE

BIORETENTION:

- BIOTREATMENT SOIL MIX

- CALTRANS CLASS II PERM LAYER STORAGE

- PERFORATED UNDERDRAIN

- NON-FLOATING MULCH

C.3 TECHNICAL

GUIDANCE MANUAL

(ACCWP)

PURPOSE:

PROVISION C.3 OF THE MUNICIPAL REGIONAL STORMWATER NPDES PERMIT (MRP) REQUIRES TREATMENT OF IMPERVIOUS SURFACES USING GREEN INFRASTRUCTURE FOR BOTH PUBLIC AND PRIVATE

DEVELOPMENT PROJECTS. BIORETENTION AREAS ARE EXPECTED TO BE THE MOST COMMON GREEN INFRASTRUCTURE APPLICATION IN PUBLIC RIGHT-OF-WAY (ROW). THE PURPOSE OF THE BIORETENTION

AREA IS TO IMPROVE WATER QUALITY BY FILTRATION THROUGH THE BIOTREATMENT SOIL AND TO CONTROL RUNOFF PEAK FLOW RATES AND VOLUMES THROUGH STORAGE AND INFILTRATION.

ENGINEER CHECKLIST (SHALL SPECIFY, AS APPLICABLE):

BIORETENTION AREA WIDTH AND LENGTH

DEPTH OF PONDING

AMOUNT OF FREEBOARD PROVIDED

DEPTH OF BIOTREATMENT SOIL (18" MIN)

UNDERDRAIN SPECIFICATIONS AND LOCATION (IF FACILITY IS LINED PLACE

UNDERDRAIN AT BOTTOM OF FACILITY)

BIORETENTION SURFACE ELEVATION (TOP OF BIOTREATMENT SOIL) AT

UPSLOPE AND DOWNSLOPE ENDS OF FACILITY

CONTROL POINTS AT EVERY BIORETENTION WALL CORNER AND POINT OF

TANGENCY

DIMENSIONS AND DISTANCE TO EVERY INLET, OUTLET, CHECK DAM, SIDEWALK

NOTCH, ETC.

ELEVATIONS OF EVERY INLET, OVERFLOW RISER, STRUCTURE RIM AND INVERT,

CHECK DAM, BIORETENTION AREA  WALL CORNER, AND SIDEWALK NOTCH

TYPE AND DESIGN OF BIORETENTION AREA COMPONENTS (E.G., EDGE

TREATMENTS, INLETS/GUTTER MODIFICATIONS, UTILITY CROSSINGS, LINER,

AND PLANTING DETAILS)

DEPTH AND TYPE OF MULCH (NON-FLOATING; ORGANICALLY-DERIVED; NOT

BARK OR GORILLA HAIR; 3" MIN)

BIORETENTION AREA: NOTES

GI-1

GREEN INFRASTRUCTURE

EXAMPLE DETAILS

ALAMEDA COUNTYWIDE CLEAN

WATER PROGRAM

SCALE: NOT TO SCALE

DATE: MAY 11, 2018 REVISED: JUNE 11, 2019

DRAWN BY: K. K. REVISED BY: E. F.

CHECKED BY: A. R.

NOT FOR CONSTRUCTION
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A

G
I
-
3

B

LENGTH, ENGINEER

TO SPECIFY

COURTESY

STRIP, ENGINEER

TO SPECIFY WIDTH

3' (MIN) WIDTH,

ENGINEER TO

SPECIFY

SIDEWALK OR

LANDSCAPE PER CITY

STANDARD PLAN

6"

6"

CURB AND GUTTER

4"

6" 6"

NOTES:

1. REFER TO GI-1 NOTES FOR GUIDELINES AND CHECKLIST.

2. CHECK DAMS SHALL BE SPACED TO PROVIDE PONDING PER SITE SPECIFIC DESIGN (SEE DETAIL GI-7).

3. LAY OUT DRAINAGE NOTCHES AS APPLICABLE TO PREVENT PONDING BEHIND BIORETENTION AREA WALL WITH 5' MAXIMUM

SPACING BETWEEN NOTCHES.

4. PROVIDE ONE UNDERDRAIN CLEANOUT PER BIORETENTION AREA (MIN). CLEANOUT REQUIRED AT UPSTREAM END AND PIPE

ANGLE POINTS EXCEEDING 45 DEGREES. LONGITUDINAL SLOPE OF PIPE SHALL BE 0.5% (MIN).

DRAINAGE NOTCH (TYP), SEE

NOTE 3 AND DETAIL GI-3B

BIORETENTION AREA WALL,

SEE DETAIL GI-5

INFLOW

GUTTER SLOPE

ROADWAY

WITH PARKING

TRENCH DRAIN INLET,

SEE DETAIL GI-6B

BIORETENTION AREA VEGETATION,

SEE GI-1, NOTE 9

EROSION

PROTECTION, SEE

GI-1, NOTE 10

LATERAL OUTLET CONNECTION

TO STORM DRAIN

CONCRETE SPLASH

APRON (TYP), SEE

DETAIL GI-6A

PEDESTRIAN PATH,

ENGINEER

TO SPECIFY WIDTH

OVERFLOW RISER WITH

GRATE, SEE DETAIL GI-4

OPTIONAL ADDITIONAL INLET,

ENGINEER TO SPECIFY

OPTIONAL CHECK

DAM, SEE NOTE 2

UNDERDRAIN CLEANOUT,

SEE NOTE 4

4" (MIN) PERFORATED

UNDERDRAIN

UNDERDRAIN CHECK

DAM CROSSING, SEE

GI-7, NOTE 2

BIORETENTION AREA: PLAN VIEW WITH STREET PARKING

GI-2A

GREEN INFRASTRUCTURE

EXAMPLE DETAILS

ALAMEDA COUNTYWIDE CLEAN

WATER PROGRAM

SCALE: NOT TO SCALE

DATE: MAY 11, 2018 REVISED: JUNE 11, 2019

DRAWN BY: K. K REVISED BY: E. F.

CHECKED BY: A. R.

NOT FOR CONSTRUCTION
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ROADWAY

CURB AND GUTTER

SIDEWALK

6"

PARKING   LANE

4"

3' (MIN)

3' (MIN) WIDTH,

DESIGNER TO

SPECIFY

TAPER CURB TO MATCH

EXISTING GRADE (TYP)

INFLOW

NOTES:

1. REFER TO GI-1 NOTES FOR GUIDELINES AND CHECKLIST.

2. CHECK DAMS SHALL BE SPACED TO PROVIDE PONDING PER SITE SPECIFIC DESIGN (SEE DETAIL GI-7).

3. LAY OUT DRAINAGE NOTCHES TO PREVENT PONDING BEHIND BIORETENTION AREA WALL WITH 5' MAXIMUM SPACING

BETWEEN NOTCHES.

4. PROVIDE ONE UNDERDRAIN CLEANOUT PER BIORETENTION AREA (MIN). CLEANOUT REQUIRED AT UPSTREAM END

AND PIPE ANGLE POINTS EXCEEDING 45 DEGREES. LONGITUDINAL SLOPE OF PIPE SHALL BE 0.5% (MIN).

CURB CUT INLET,

SEE DETAIL GI-6C

EROSION

PROTECTION, SEE

GI-1, NOTE 10

CONCRETE

SPLASH APRON,

SEE DETAIL GI-6C

OPTIONAL CHECK

DAM, SEE NOTE 2

OPTIONAL ADDITIONAL

INLET, DESIGNER TO

SPECIFY

LATERAL OUTLET CONNECTION

TO STORM DRAIN

DRAINAGE NOTCH (TYP), SEE

NOTE 3 AND DETAIL GI-3B

OVERFLOW RISER WITH

GRATE, SEE DETAIL GI-4

BIORETENTION AREA VEGETATION,

SEE GI-1, NOTE 9

UNDERDRAIN

CLEANOUT,

SEE NOTE 4

4" (MIN) PERFORATED

UNDERDRAIN

BIORETENTION AREA: BULBOUT PLAN VIEW

GI-2B

GREEN INFRASTRUCTURE

EXAMPLE DETAILS

ALAMEDA COUNTYWIDE CLEAN

WATER PROGRAM

SCALE: NOT TO SCALE

DATE: MAY 11, 2018 REVISED: JUNE 11, 2019

DRAWN BY: K. K. REVISED BY: E. F.

CHECKED BY: A. R.

NOT FOR CONSTRUCTION
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CURB AND GUTTER

NOTES:

1. REFER TO GI-1 NOTES FOR GUIDELINES AND CHECKLIST.

2. CHECK DAMS SHALL BE SPACED TO PROVIDE PONDING PER SITE SPECIFIC DESIGN (SEE DETAIL GI-7).

3. PROVIDE ONE UNDERDRAIN CLEANOUT PER BIORETENTION AREA (MIN). CLEANOUT REQUIRED AT UPSTREAM END AND PIPE ANGLE POINTS EXCEEDING 45 DEGREES. LONGITUDINAL SLOPE OF PIPE

SHALL BE 0.5% (MIN).

4. DESIGNERS TO REFERENCE AASHTO ROADSIDE SAFETY DESIGN REQUIREMENTS AND CONSIDER USE OF MEDIAN BIORETENTION AREAS IN RELATION TO STREET CLASSIFICATION AND STREET SPEEDS.

5. A STORAGE VOLUME SAFETY FACTOR OF 1.5 SHALL BE INCLUDED IN THE DESIGN OF MEDIAN BIORETENTION AREAS TO PREVENT FLOODING.

6. SLOPED SIDES (GI-3A) DEPICTED IN PLAN VIEW ABOVE, REFER TO GI-3B IF VERTICAL SIDE WALLS ARE USED.

GUTTER SLOPE

CONCRETE SPLASH

APRON (TYP)

BIORETENTION LENGTH,

ENGINEER TO SPECIFY

OPTIONAL CHECK

DAM, SEE NOTE 2

UNDERDRAIN CLEANOUT,

SEE NOTE 3

OVERFLOW RISER WITH

GRATE, SEE DETAIL GI-4

ROADWAY

3' (MIN)

BIORETENTION

WIDTH, ENGINEER

TO SPECIFY

LATERAL OUTLET

CONNECTION TO

STORM DRAIN

UNDERDRAIN CHECK DAM

CROSSING, SEE GI-7, NOTE 2

VEGETATED BIORETENTION AREA,

FLAT GRADE, SEE GI-1, NOTE 9

VEGETATED SIDE SLOPES

(3:1 MAX), SEE DETAIL GI-3A

4" (MIN) PERFORATED

UNDERDRAIN

OPTIONAL UPSTREAM

CONVEYANCE SWALE,

ENGINEER TO SPECIFY

GUTTER SLOPE

TRENCH DRAIN INLET (TYP),

SEE DETAIL GI-6B, ENGINEER

TO SPECIFY SPACING

ROADWAY

24"

(MIN)

SLOPE TRANSITION TO FLAT

BOTTOM, SEE DETAIL GI-3A

24"

(MIN)

PERMEABLE PAVERS,

REFER TO MEDIAN DETAIL

EROSION PROTECTION,

REFER TO GI-1, NOTE 10

6" CURB

PERMEABLE PAVERS,

REFER TO MEDIAN DETAIL

BIORETENTION AREA: STREET MEDIAN

GI-2C

GREEN INFRASTRUCTURE

EXAMPLE DETAILS

ALAMEDA COUNTYWIDE CLEAN

WATER PROGRAM

SCALE: NOT TO SCALE

DATE: MAY 11, 2018 REVISED: JUNE 11, 2019

DRAWN BY: K. K. REVISED BY: E. F.

CHECKED BY: A. R.

NOT FOR CONSTRUCTION
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18" (MIN)

12" (MIN)

6" - 12" PONDING DEPTH,

DESIGNER TO SPECIFY

1' (MIN)

BIOTREATMENT SOIL,

SEE NOTE 5

SCARIFIED AND

UNCOMPACTED SUBGRADE,

SEE NOTES 2 & 3

2' (MIN)

BOTTOM WIDTH

2" (MIN) FREEBOARD

NOTES:

1. REFER TO GI-1 NOTES FOR GUIDELINES AND

CHECKLIST.

2. AVOID UNNECESSARY COMPACTION OF EXISTING

SUBGRADE BELOW AREA.

3. SCARIFY SUBGRADE TO A DEPTH OF 3" (MIN)

IMMEDIATELY PRIOR TO PLACEMENT OF CALTRANS

CLASS 2 PERMEABLE MATERIAL STORAGE LAYER AND

BIOTREATMENT SOIL MATERIALS.

4. AGGREGATE STORAGE LAYER COMPRISED OF 12" MIN

CALTRANS CLASS 2 PERMEABLE MATERIAL.

5. REFER TO C.3 TECHNICAL GUIDANCE MANUAL (ACCWP)

FOR BIOTREATMENT SOIL MIX SPECIFICATIONS.

INSTALL BIOTREATMENT SOIL AT 85% COMPACTION

FOLLOWING BASMAA INSTALLATION GUIDANCE.

6. ANGLE OF REPOSE VARIES PER GEOTECHNICAL

ENGINEER RECOMMENDATIONS.

7. UNDERDRAIN AND CLEAN OUT PIPE (1 MIN PER

FACILITY) REQUIRED, REFER TO C.3 TECHNICAL

GUIDANCE MANUAL (ACCWP) FOR DESIGN

CONSIDERATIONS. UNDERDRAINS  SHOULD BE

ELEVATED 6" (MIN) WITHIN THE CALTRANS CLASS 2

PERMEABLE MATERIAL STORAGE LAYER TO PROMOTE

INFILTRATION. IN FACILITIES WITH AN IMPERMEABLE

LINER, THE UNDERDRAIN SHOULD BE PLACED AT THE

BOTTOM OF THE CALTRANS CLASS 2 PERMEABLE

MATERIAL STORAGE LAYER. PERFORATED/SLOT

DRAINS SHOULD BE DOWNWARD FACING TO

FACILITATE BETTER STORAGE IN THE GRAVEL LAYER.

8. THE UNDERDRAIN IN ALL FACILITIES LOCATED IN THE

PUBLIC RIGHT-OF-WAY SHALL BE VIDEO RECORDED

AND PROVIDED TO THE CITY FOR REVIEW PRIOR TO

PROJECT ACCEPTANCE.

9. REFER TO LOCAL JURISDICTION STANDARDS FOR

CURB AND SIDEWALK DETAILS.

CALTRANS CLASS II PERM

STORAGE, SEE NOTE 4

ROADWAY

2' (MIN)

X

1

ANGLE OF REPOSE,

SEE NOTE 6

4" (MIN) PERFORATED

UNDERDRAIN, SEE

NOTES 7 & 8

BACKFILL WITH

NATIVE SOIL

3" (TYP)

MULCH

1

3

OVERFLOW RISER WITH

GRATE, SEE DETAIL GI-4

INLET NOT

SHOWN, SEE

DETAIL GI-6A &

GI-6B

6" (MIN)

EDGE CONDITION

TO BE DESIGNED

BY ENGINEER

ENGINEER TO SPECIFY

EDGE TREATMENT AS

EITHER CONCRETE

SIDEWALK OR

PERMEABLE PAVERS IN

AREAS REQUIRING A

COURTESY STRIP

BIORETENTION AREA: SLOPED SIDES CROSS SECTION

GI-3A

GREEN INFRASTRUCTURE

EXAMPLE DETAILS

ALAMEDA COUNTYWIDE CLEAN

WATER PROGRAM

SCALE: NOT TO SCALE

DATE: MAY 11, 2018 REVISED: JUNE 11, 2019

DRAWN BY: K. K. REVISED BY: E. F.

CHECKED BY: A. R.

NOT FOR CONSTRUCTION
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NOTES:

1. REFER TO GI-1 NOTES FOR GUIDELINES AND CHECKLIST.

2. AVOID UNNECESSARY COMPACTION OF EXISTING SUBGRADE BELOW BIORETENTION AREA.

3. SCARIFY SUBGRADE TO A DEPTH OF 3" (MIN) IMMEDIATELY PRIOR TO PLACEMENT OF AGGREGATE STORAGE AND BIOTREATMENT SOIL MATERIAL.

4. FOR STRUCTURAL SUPPORT, SUBGRADE UNDER WALLS ONLY COMPACTED PER ENGINEER SPECIFICATIONS.

5. MAXIMUM DROP, PER LOCAL BUILDING CODE, FROM TOP OF CURB TO TOP OF BIOTREATMENT SOIL SHALL INCLUDE CONSIDERATIONS FOR

BIOTREATMENT SOIL SETTLEMENT. THE DROP IS THE SUM OF PONDING DEPTH (6" TYP), FREEBOARD (2" TYP), AND CURB HEIGHT (6" TYP).

6. REFER TO LOCAL JURISDICTION STANDARDS FOR CURB AND SIDEWALK DETAILS.

6"

R 0.75" PER DPW

STANDARDS (TYP)

6" (TYP) EXPOSED WALL

12"

(MIN)

DRAINAGE NOTCH (TYP)

SLOPE TO BIORETENTION AREA

KEY OR EXPANSION JOINT PER

LOCAL JURISDICTION APPROVAL (TYP),

ENGINEER

TO SPECIFY EDGE CONNECTION

BIORETENTION AREA WITH VERTICAL SIDE WALLS

A

FRONT VIEW

DRAINAGE NOTCH DETAIL

4"

SIDE VIEW

18"

(MIN)

2" FREEBOARD

OVERFLOW RISER WITH

GRATE, SEE DETAIL GI-4

SCARIFIED AND UNCOMPACTED

SUBGRADE, SEE NOTES 2 & 3

BIOTREATMENT SOIL,

SEE GI-3A, NOTE 5

COURTESY STRIP,

ENGINEER TO

SPECIFY WIDTH

CURB AND

GUTTER

ROADWAY

WITH PARKING

3' (MIN)

MAX DROP, SEE

NOTE 5

EDGE TREATMENT (TYP),

SEE DETAIL GI-5

6" (MIN)

1" DRAINAGE NOTCH

SIDEWALK PER CITY

STANDARD PLAN

2" FREEBOARD

6" (MAX) PONDING

DEPTH, ENGINEER

TO SPECIFY

COMPACTED SUBGRADE,

SEE NOTE 4

4" (MIN) PERFORATED UNDERDRAIN,

SEE GI-3A, NOTES 7 & 8

CALTRANS CLASS II PERM

STORAGE, SEE GI-3A, NOTE 4

ADD RAILING OR BARRIER PER

LOCAL JURISDICTION

STANDARDS OR GUIDELINES

BIORETENTION AREA: VERTICAL SIDE WALL CROSS SECTION

GI-3B

GREEN INFRASTRUCTURE

EXAMPLE DETAILS

ALAMEDA COUNTYWIDE CLEAN

WATER PROGRAM

SCALE: NOT TO SCALE

DATE: MAY 11, 2018 REVISED: JUNE 11, 2019

DRAWN BY: K. K. REVISED BY: E. F.

CHECKED BY: A. R.
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REFER TO LOCAL STANDARDS

FOR GRATE TYPE, SEE NOTE 8

ENGINEER TO SPECIFY

OVERFLOW

STRUCTURE

4" (MIN) PERFORATED

UNDERDRAIN, SEE

GI-3A, NOTES 7 & 8

ENGINEER TO SPECIFY

ELEVATION FOR 6 - 12"

PONDING DEPTH

WALL

PENETRATION,

SEE NOTE 11

BELL AND SPIGOT

JOINT (TYP) OR

OTHER APPROVED

ALTERNATIVE

12" (MIN)

SEE NOTE 3

6" (MIN)

6" (MIN)

OPTIONAL GRAVEL BASE

ASTM NO. 57,

SEE NOTE 7

OPTIONAL GROUTED

COBBLES, SEE NOTE 10

DESIGN PONDING

ELEVATION

NOTES:

1. REFER TO GI-1 NOTES FOR GUIDELINES AND CHECKLIST.

2. ALL MATERIAL AND WORKMANSHIP FOR OVERFLOW STRUCTURES SHALL CONFORM

TO LOCAL JURISDICTION STANDARDS.

3. DESIGN OVERFLOW WEIR AND OUTLET PIPE TO CONVEY 10-YR, 24-HR STORM FLOW

OR DESIGN INLET TO DIVERT FLOWS LARGER THAN THE DESIGN STORM DIRECTLY TO

THE STORM DRAIN. LOCATE ALL OVERFLOW PIPES AT AN ELEVATION HIGHER THAN

THE STORM SEWER HYDRAULIC GRADE LINE TO PREVENT BACKFLOW INTO THE

BIORETENTION FACILITY.

4. STORM DRAIN OUTLET PIPES SHALL BE SIZED TO MEET HYDRAULIC REQUIREMENTS

WITH APPROPRIATE COVER DEPTH AND PIPE MATERIAL.

5. PERFORATED UNDERDRAINS WITH CLEANOUT PIPES ARE REQUIRED.

PERFORATED/SLOT DRAINS SHOULD BE DOWNWARD FACING TO FACILITATE BETTER

STORAGE IN THE GRAVEL LAYER.

6. MAINTENANCE ACCESS IS REQUIRED FOR ALL OUTLET STRUCTURES AND CLEANOUT

FACILITIES. 12" (MIN) CLEARANCE WITHIN OVERFLOW STRUCTURE SHALL BE

PROVIDED FOR MAINTENANCE ACCESS.

7. ENGINEER SHALL REFER TO LOCAL JURISDICTION STANDARDS AND/OR ASSESS NEED

FOR GRAVEL BASE. ENGINEER SHALL EVALUATE BUOYANCY OF STRUCTURES FOR

SITE SPECIFIC APPLICATION AND SPECIFY THICKENED OR EXTENDED BASE /

ANTI-FLOATATION COLLAR, AS NECESSARY.

8. SIZE OF GRATE SHALL MATCH SIZE OF RISER SPECIFIED IN PLANS, SHALL BE

REMOVABLE TO PROVIDE MAINTENANCE ACCESS, AND SHALL BE BOLTED IN PLACE

OR OUTFITTED WITH APPROVED TAMPER-RESISTANT LOCKING MECHANISM.

MAXIMUM GRATE OPENING SHALL BE 2".

9. IF INTERIOR DEPTH OF OVERFLOW STRUCTURE EXCEEDS 5', A PERMANENT BOLTED

LADDER AND MINIMUM CLEAR SPACE OF 30" BY 30" SHALL BE PROVIDED FOR

MAINTENANCE ACCESS.

10. MINIMUM DIAMETER OF OPTIONAL GROUTED COBBLES SHALL BE LARGER THAN

MAXIMUM GRATE OPENING.

11. GROUT ALL PENETRATIONS, CRACKS, SEAMS, AND JOINTS WITH CLASS "C" MORTAR.

LATERAL OUTLET

CONNECTION TO

STORM DRAIN

6" (MIN)

BIORETENTION COMPONENTS: OUTLET DETAIL

GI-4

GREEN INFRASTRUCTURE

EXAMPLE DETAILS

ALAMEDA COUNTYWIDE CLEAN

WATER PROGRAM

SCALE: NOT TO SCALE

DATE: MAY 11, 2018 REVISED: JUNE 11, 2019

DRAWN BY: K. K. REVISED BY: E. F.

CHECKED BY: A. R.

NOT FOR CONSTRUCTION
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EXTENDED BIORETENTION AREA WALL WITH LATERAL BRACING

2

3" (MIN) COVER,

SEE NOTE 4D

ROADWAY WITHOUT

PARKING

SIDEWALK / PLAZA

LATERAL BRACING,

SEE NOTE 4B

KEY OR EXPANSION

JOINT

CONCRETE BIORETENTION

AREA WALL, SEE DETAIL

GI-3B

COMBINED CURB AND PARKING

STRIP OR GUTTER  WITH

MONOLITHIC WALL EXTENSION,

SEE NOTE 4

10' (MAX)

6"

#4 @ 12" O.C.

(HOR), (3) MIN

#4 @ 12" O.C.

(VERT) @ ℄

SEE NOTE 4E

STANDARD CURB EDGE AT BIORETENTION BASIN

1

2' (MIN)

ROADWAY

WITHOUT PARKING

CURB AND PARKING

STRIP OR GUTTER

DESIGN PONDING

ELEVATION EQUAL TO

GUTTER FLOW LINE

ELEVATION AT

OUTLET

ANGLE OF REPOSE

SEE NOTE 3C

6"

BIORETENTION BASIN,

SEE DETAIL GI-3A

1

X

1

3

BACKFILL WITH

NATIVE SOIL

NOTES:

1. REFER TO GI-1 NOTES FOR GUIDELINES AND CHECKLIST.

2. THE ENGINEER SHALL ADAPT EDGE TREATMENT DESIGN TO ADDRESS SITE

SPECIFIC CONSTRAINTS TO EFFECTIVELY STABILIZE ADJACENT PAVEMENT

AND MINIMIZE LATERAL MOVEMENT OF WATER.

3. STANDARD CURB EDGE (WHEN SPACE AVAILABLE):

A. REFER TO LOCAL JURISDICTION STANDARDS FOR CURB AND SIDEWALK

DETAILS.

B. ANGLE OF REPOSE VARIES PER GEOTECHNICAL ENGINEERS

RECOMMENDATIONS.

4. VERTICAL SIDE WALLS (WHEN SPACE LIMITED):

A. ALL BIORETENTION AREA WALLS SHALL EXTEND TO BOTTOM OF

AGGREGATE STORAGE LAYER OR DEEPER. MINIMUM DEPTHS SHALL BE

DESIGNED TO PREVENT LATERAL SEEPAGE INTO THE ADJACENT

PAVEMENT SECTION.

B. FOOTING AND/OR LATERAL BRACING SHALL SHALL BE DESIGNED BY THE

ENGINEER TO WITHSTAND ANTICIPATED LOADING ASSUMING NO

REACTIVE FORCES FROM THE UNCOMPACTED BIOTREATMENT SOIL.

C. BIORETENTION AREA WALLS EXTENDING MORE THAN 36" BELOW

ADJACENT LOAD-BEARING SURFACE, OR WHEN LOCATED ADJACENT TO

PAVERS, SHALL HAVE FOOTING OR LATERAL BRACING. FOOTING OR

LATERAL BRACING MAY BE EXCLUDED ONLY IF THE ENGINEER

DEMONSTRATES THAT THE PROPOSED WALL DESIGN MEETS LOADING

REQUIREMENTS. WALL SHALL NOT ENCROACH INTO TREATMENT AREA.

D. CONTRACTOR TO PROVIDE 3" MINIMUM COVER OVER ALL LATERAL

BRACING FOR PLANT ESTABLISHMENT.

E. ALL CONSTRUCTION COLD JOINTS SHALL INCORPORATE EPOXY,

DOWEL/TIE BAR, KEYWAY, OR WATER STOP.

SEE NOTE 4B

ENGINEER TO SPECIFY EDGE

TREATMENT AS EITHER CONCRETE

SIDEWALK OR PERMEABLE PAVERS IN

AREAS REQUIRING A COURTESY

STRIP, SEE NOTE 3

BIORETENTION COMPONENTS: EDGE TREATMENT DETAIL

GI-5

GREEN INFRASTRUCTURE

EXAMPLE DETAILS

ALAMEDA COUNTYWIDE CLEAN

WATER PROGRAM

SCALE: NOT TO SCALE

DATE: MAY 11, 2018 REVISED: JUNE 11, 2019

DRAWN BY: K. K. REVISED BY: E. F.
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PLAN

MATCH

CURB

WIDTH

18"

(MIN)

12" (MIN)

3' (MIN)

CONCRETE SPLASH

APRON, NOT

INTEGRAL TO CURB

ROADWAY

SECTION A

GUTTER UPSLOPE AND

DOWNSLOPE OF CURB CUT

MATCH HEIGHT OF CURB

UPSLOPE AND DOWNSLOPE OF

CURB CUT

CONCRETE

SPLASH APRON

EROSION PROTECTION, SEE

GI-1, NOTE 10

1" (MIN)

ISOMETRIC

CURB

A

R

O

A

D

W

A

Y

INFLOW

BIORETENTION AREA

SPLASH APRON

TAPER GUTTER AT CURB CUT TO

MATCH GUTTER SLOPE UPSLOPE

AND DOWNSLOPE OF CURB CUT.

S
L
O

P
E

2" GUTTER DEPRESSION

AT FLOWLINE

NOTES:

1. REFER TO GI-1 NOTES FOR GUIDELINES AND CHECKLIST.

2. CURB CUT INLETS SHALL BE ADEQUATELY SIZED, SPACED, AND SLOPED TO MEET HYDRAULIC REQUIREMENTS.  THE

CURB CUT OPENING WIDTH SHALL BE SIZED BASED ON THE CATCHMENT AREA, LONGITUDINAL SLOPE ALONG THE

CURB, AND THE CROSS SLOPE OF THE GUTTER OR ADJACENT PAVEMENT AT THE INLET. SEE SIZING EQUATIONS AND

NOMOGRAPHS FOR CURB OPENING INLETS IN THE U.S. DEPARTMENT OF TRANSPORTATION HYDRAULIC ENGINEERING

CIRCULAR NO. 27.

3. BOND NEW CURB AND GUTTER TO EXISTING CURB AND GUTTER WITH EPOXY AND DOWEL CONNECTION.

4. METAL INLET ASSEMBLY SHALL BE HOT-DIP GALVANIZED IN ACCORDANCE WITH ASTM A-123.

6" (MIN), ENGINEER

TO SPECIFY

SEE NOTE 2

R
O

A
D

W
A

Y

A

-

DEPRESSED GUTTER

2" AT OPENING

B

ELEVATION SECTION B

METAL INLET ASSEMBLY

B

3"

3"

18"

6"

12"

3"

0.5"

0.5" X 4" F500

HEADED CONCRETE

ANCHOR CENTER ON

END PLATES

0.5" DIA. WEEP

HOLES (TYP)

MINIMUM 

1

8

"

THICK END PLATE

HSS 6x 2x 

1

8

"

3

16

" DIA. WEEP

HOLES (TYP)

FULL

WIDTH OF

CURB CUT

MATCH

GUTTER

WIDTH

BIORETENTION COMPONENTS: GUTTER CURB CUT INLET DETAIL

GI-6A

GREEN INFRASTRUCTURE

EXAMPLE DETAILS

ALAMEDA COUNTYWIDE CLEAN

WATER PROGRAM

SCALE: NOT TO SCALE

DATE: MAY 11, 2018 REVISED: JUNE 11, 2019

DRAWN BY: K. K. REVISED BY: E.F.
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ISOMETRIC

R

O

A

D

W

A

Y

GRATE

CURB

COURTESY ZONE

GRATE

CURB AND

GUTTER

BIORETENTION

AREA

B

OUTLET TO

BIORETENTION AREA

A

I

N

F

L

O

W

#5 REBAR

(MIN)

CONCRETE

SPLASH APRON,

NOT INTEGRAL

TO CURB

ROADWAY

WITH PARKING

SLOPE, SEE

NOTE 4

SECTION A

1" (MIN)

1" (MIN)

RAISED BIORETENTION AREA WALL

BRIDGING OVER CHANNEL OPENING

CONCRETE

SPLASH APRON

MATCH ADJACENT

SIDEWALK SLOPE

CONCRETE

CHANNEL

EXTEND TRENCH GRATE TO FACE OF

RAISED BIORETENTION AREA WALL

BIORETENTION AREA

S
L
O

P
E

2" GUTTER

DEPRESSION

INFLOW

SLOPE TO DRAIN

A

-

B

-

6" (MIN)

ENGINEER

TO SPECIFY

#5 REBAR (MIN)

1. REFER TO GI-1 NOTES FOR GUIDELINES AND

CHECKLIST.

2. ALL MATERIAL AND WORKMANSHIP FOR

TRENCH DRAIN ASSEMBLY SHALL CONFORM

TO LOCAL JURISDICTION STANDARDS.

3. TRENCH DRAIN INLETS SHALL BE

ADEQUATELY SIZED, SPACED, AND SLOPED

TO MEET HYDRAULIC REQUIREMENTS. SEE

NOTE 2 DETAIL GI-6A FOR REFERENCE.

4. SLOPE TO PROVIDE AT LEAST 1" DROP OVER

LENGTH OF CHANNEL OR A MINIMUM OF 2%,

WHICHEVER IS LARGER.

5. ALL TRENCH GRATES SHALL BE REMOVABLE,

RATED PER THE ANTICIPATED LOADING, AND

BOLTED IN PLACE OR OUTFITTED WITH

APPROVED TAMPER-RESISTANT LOCKING

MECHANISM, FLUSH OR RECESSED IN GRATE.

6. BOND NEW CURB AND GUTTER TO EXISTING

CURB AND GUTTER WITH EPOXY AND DOWEL

CONNECTION.

7. HORIZONTAL CONTROL JOINTS SHALL BE

PROVIDED EVERY 10' (LINEAR), OR PER

MANUFACTURER'S RECOMMENDATIONS.

8. APPLY EPOXY BONDING AGENT AT ALL

TRENCH DRAIN CONSTRUCTION COLD

JOINTS.

9. INLET CURB CUT AND CONCRETE CHANNEL

WIDTH SHALL BE SIZED TO ACCOUNT FOR

CATCHMENT AREA AND GUTTER SLOPE.

GUTTER MODIFICATION

AT INLET, SEE DETAIL

GI-6A

GUTTER

MODIFICATION

AT INLET, SEE

DETAIL GI-6A

GUTTER

MODIFICATION

AT INLET, SEE

DETAIL GI-6A

NOTES:

EROSION PROTECTION, SEE

GI-1, NOTE 10

ASTM #57

GRAVEL BASE

PREPARED AND

COMPACTED SOIL

18" (MIN) WIDTH

CAST IRON TRENCH

GRATE, SEE NOTE 3

#3 @ 12" O.C.

(HOR) (5) MIN

KEY OR EXPANSION

JOINT

10"-16" (TYP)

DESIGNER

TO SPECIFY,

SEE NOTE 7

6" (MIN)

CONCRETE

CHANNEL

SECTION B

ANCHOR

A

A

FRAME VARIES PER

MANUFACTURER'S

RECOMMENDATIONS

A

#3 @ 12" O.C.

MIN (3) #3

6" (MIN) 6" (MIN)

FLUSH EDGES (TYP)

BIORETENTION COMPONENTS: TRENCH DRAIN CURB CUT INLET DETAIL

GI-6B

GREEN INFRASTRUCTURE

EXAMPLE DETAILS

ALAMEDA COUNTYWIDE CLEAN

WATER PROGRAM

SCALE: NOT TO SCALE
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DRAWN BY: K. K. REVISED BY: E.F.
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ROADWAY

PLAN

ISOMETRIC

CURB AND

GUTTER

A

BIORETENTION

AREA

GUTTER MODIFICATION AT

INLET, SEE DETAIL GI-6A

CURB

BIORETENTION

AREA WALL

CONCRETE

SPLASH APRON

SECTION A

CONCRETE SPLASH

APRON, TO CURB

EROSION PROTECTION,

SEE GI-1, NOTE 10

1" (MIN)

S
L
O

P
E

2" GUTTER

DEPRESSION

NOTES:

1. REFER TO GI-1 NOTES FOR GUIDELINES AND CHECKLIST.

2. ALL MATERIAL AND WORKMANSHIP FOR CURB CUTS SHALL CONFORM

TO LOCAL JURISDICTION STANDARDS.

3. CURB CUT INLETS SHALL BE ADEQUATELY SIZED, SPACED, AND

SLOPED TO MEET HYDRAULIC REQUIREMENTS.  SEE NOTE 2, DETAIL

GI-6A FOR REFERENCE.

4. BOND NEW CURB AND GUTTER TO EXISTING CURB AND GUTTER WITH

EPOXY AND DOWEL CONNECTION.

TOP OF BIORETENTION

AREA WALL

TOP OF CURB

BIORETENTION

AREA WALL

SIDEWALK

12"  (MIN)

SEE

NOTE 3

12"  (MIN)

6" (MIN), ENGINEER

TO SPECIFY

R

O

A

D

W

A

Y

I

N

F

L

O

W

IN
F

L
O

W

TAPER CURB TO MATCH

GRADE, ALIGN WITH

GUTTER TERMINATION

CONCRETE

SPLASH APRON

A

-

TAPER TO

MATCH GRADE

EROSION

PROTECTION, SEE

GI-1, NOTE 10

BIORETENTION COMPONENTS: CURB CUT AT BULBOUT INLET DETAIL

GI-6C

GREEN INFRASTRUCTURE

EXAMPLE DETAILS

ALAMEDA COUNTYWIDE CLEAN

WATER PROGRAM

SCALE: NOT TO SCALE

DATE: MAY 11, 2018 REVISED: JUNE 11, 2019
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2" FREEBOARD

6" (MIN)

NOTES:

1. REFER TO GI-1 NOTES FOR GUIDELINES AND CHECKLIST.

2. UNDERDRAIN TO PASS THROUGH CHECK DAM IN NON-PERFORATED

PIPE. PIPE FITTINGS SHALL BE USED TO ACCOMMODATE CHANGES IN

GRADE, AS NEEDED.

3. HEIGHT AND SPACING OF CHECK DAMS SHALL BE ESTABLISHED

BASED ON THE PONDING DEPTH REQUIRED TO MEET PROJECT

HYDROLOGIC PERFORMANCE GOALS AND THE MAXIMUM DESIRED

DROP FROM THE SURROUNDING GRADE TO THE FACILITY BOTTOM.

4. ALL MATERIAL AND WORKMANSHIP FOR CHECK DAM ASSEMBLY SHALL

CONFORM TO LOCAL JURISDICTION STANDARD SPECIFICATIONS.

5. CONCRETE CHECK DAM SHALL BE CONTINUOUS (NO JOINTS) AND

REINFORCED WITH #4 BAR, PLACED AT 18" ON CENTER, EACH WAY.

6. CONCRETE CHECK DAM SHALL BE DESIGNED BY THE ENGINEER AND

MEET STRUCTURAL REQUIREMENTS FOR LATERAL BRACING WHEN

USED AS LATERAL BRACING.

7. TOP OF CHECK DAM TO BE LEVEL WITH CREST ELEVATION MATCHING

PONDING ELEVATION UNLESS NOTCH SIZED TO CONVEY DESIGN

FLOWS PROVIDED.

8. GROUT ALL PENETRATIONS, CRACKS, SEAMS, AND JOINTS WITH

CLASS "C" MORTAR.

TOP OF CHECK DAM, SEE NOTE 3

UNDERDRAIN,

SEE NOTE 2

TOP OF

SIDEWALK

TOP OF RAISED BIORETENTION AREA WALL

CONCRETE CHECK DAM,

SEE NOTES 3 TO 8

GROUT FILL

WALL

PENETRATIONS,

SEE NOTE 8.

PROFILE - CONCRETE CHECK DAM

2

SECTION - CONCRETE CHECK DAM

1

CONCRETE CHECK DAM,

SEE NOTES 3 T0 8

UNDERDRAIN PIPE

FITTINGS

SEE NOTE 2

3" (MIN) KEY

12" (MIN)

KEY OR EXPANSION JOINT (TYP)

WATER STOP, BOTH SIDES (TYP)

(2) #4 W/ 90° HOOK @ ENDS

10' (MAX)

3" (MIN) KEY

OPTIONAL GROUTED

COBBLES, AS NEEDED

FOR ENERGY DISSIPATION

PONDING ELEVATION,

ENGINEER TO SPECIFY

BIORETENTION AREA WALL

REINFORCING (TYP), SEE

DETAIL GI-5

WALL

PENETRATION

DRAINAGE NOTCH (TYP),

SEE DETAIL GI-3B

HEIGHT AS SHOWN

ON PROJECT PLANS

UNDERDRAIN,

SEE NOTE 2 AND

GI-3A, NOTE 7

ENGINEER TO SPECIFY MINIMUM DIMENSIONS

BIORETENTION COMPONENTS: CHECK DAM DETAIL

GI-7

GREEN INFRASTRUCTURE

EXAMPLE DETAILS

ALAMEDA COUNTYWIDE CLEAN

WATER PROGRAM

SCALE: NOT TO SCALE
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6" WIDTH BIORETENTION

AREA WALL (TYP),

SEE DETAIL GI-5

BIKE LANE

NOTES:

1. REFER TO GI-1 NOTES FOR GUIDELINES AND CHECKLIST.

2. RAMP BIKE LANE UP ONTO BULBOUT AND SHIFT LANE OVER. MAXIMUM 1:5 HORIZONTAL TRANSITION RATE. TRANSITION GEOMETRY SHALL CONFORM TO LOCAL

JURISDICTION STANDARDS.

3. HYDRAULIC CONNECTION OF SEPARATED BIORETENTION AREAS PROVIDED BY TRENCH DRAINS. ENGINEER TO SPECIFY, FOLLOWING FLOW AND STRUCTURAL

REQUIREMENTS.

4. LAY OUT DRAINAGE NOTCHES AS APPLICABLE TO PREVENT PONDING BEHIND BIORETENTION AREA WALL WITH 5' MAXIMUM SPACING BETWEEN NOTCHES.

5. PROVIDE ONE UNDERDRAIN CLEANOUT PER BIORETENTION AREA (MIN). CLEANOUT REQUIRED AT UPSTREAM END AND PIPE ANGLE POINTS EXCEEDING 45

DEGREES. LONGITUDINAL SLOPE OF PIPE SHALL BE 0.5% (MIN). PIPE SLEEVES REQUIRED FOR UNDERDRAINS TRANSITIONING BETWEEN BIORETENTION AREAS.

6. DRAWING GI-XX MODIFIED FROM THE BASMAA URBAN GREENING BAY AREA TYPICAL GI DETAILS FIGURE C-1.4.

CONCRETE

SPLASH APRON

INFLOW

CURB CUT INLET,

SEE DETAIL GI-6C

PLANTING STRIP

OPTIONAL EROSION

PROTECTION, SEE

GI-1, NOTE 10

FOREBAY, ENGINEER

TO SPECIFY

3:1 (MAX) VEGETATED

SIDE SLOPE

SIDEWALK

BIKE LANE SHIFT,

SEE NOTE 2

TRENCH DRAIN (TYP), FLUSH WITH

SURFACE, THROUGH BIORETENTION

AREA CURB WALLS, SEE NOTE 3

DRAINAGE NOTCH

(TYP), SEE NOTE 4 &

DETAIL GI-3B

PAVEMENT MARKERS,

SEE STRIPING PLAN

4" (MIN)

PERFORATED

UNDERDRAIN

GUTTER CURB CUT,

SEE DETAIL GI-6A

UNDERDRAIN

CLEANOUT,

SEE NOTE 5

CURB AND

GUTTER

LATERAL OUTLET CONNECTION

TO STORM DRAIN

BIORETENTION

AREA VEGETATION,

SEE GI-1, NOTE 9

ROADWAY

OVERFLOW RISER WITH

GRATE, SEE DETAIL GI-4

BIORETENTION AREA: WITH BIKE LANE PLAN VIEW

GI-8

GREEN INFRASTRUCTURE

EXAMPLE DETAILS

ALAMEDA COUNTYWIDE CLEAN

WATER PROGRAM

SCALE: NOT TO SCALE

DATE: MAY 11, 2018 REVISED: JUNE 11, 2019

DRAWN BY: K. K. REVISED BY: E. F.

CHECKED BY: A. R.
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CITY OF BERKELEY GREEN INFRASTRUCTURE PLAN ATTACHMENT C-5 

Attachment C-5: Capital Improvement Projects Sign-off 

Form 

The Clean Water Program’s Capital Improvement Projects Sign-off Form is provided on the 

following page.  
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1 Approved April 2, 2018 

How to Use the 

C.3 Stormwater Compliance Sign-off Form for Capital Improvement Program (CIP) Projects

Introduction 

The attached checklist is for Alameda Countywide Clean Water Program (Clean Water Program) member 

agencies to document that capital improvement program (CIP) projects either are exempt or have complied 

with the requirements for C.3 Regulated Projects, as defined in Provision C.3.b of the Municipal Regional 

Stormwater Permit (MRP), issued by the San Francisco Bay Regional Water Quality Control Board on 

November 19, 2015.   

Step-by-Step Instructions 

1. Fill out the project information at the top of the form (Project Name, Address, etc.)

2. Review the project description and the square footage of impervious surfaces that will be created

and/or replaced by the project to determine whether the project may meet any of the conditions

identified in the form, under the heading, “Project is NOT a C.3 Regulated Project and the Review of

GI Potential Is Documented.” If the project meets any of those conditions, check the appropriate

box (or boxes).

� If one or more boxes are checked, the project is NOT a C.3 Regulated Project. Continue to 

Step 3. 

� If no boxes are checked, the project IS a C.3 Regulated Project. Skip to Step 4. 

3. Refer to the Clean Water Program’s Worksheet for Identifying GI Potential in Municipal CIP

Projects1 (or your agency’s equivalent worksheet or form) to evaluate the project for the potential

to include green infrastructure (GI). In the C.3 Stormwater Compliance Sign-off Form for CIP

Projects, under the subheading, “Green Infrastructure Potential Review,” check the box to indicate

the name of the worksheet or form that was used for this review, and indicate the date on which

the worksheet or form was completed.

� Skip to Step 5. 

4. Refer to the project’s stormwater control plan, construction documents, and/or other project

documentation, such as a completed Stormwater Requirements Checklist2, to determine whether

the requirements for C.3 Regulated Projects have been met. If all requirements have been met,

including the hydromodification management (HM) requirements in Provision C.3.g (if applicable)

and the documentation of operation and maintenance responsibility as required by Provision

C.3.h.ii.(1), check the box to indicate the name of the applicable document(s), and write the date of

the document(s).

� Continue to Step 5. 

5. Sign and date the completed C.3 Stormwater Compliance Sign-off Form for CIP Projects.

1 The worksheet is available on the New Development Subcommittee’s members only website at: 

https://cleanwaterprogram.org/index.php/committees/new-development-committee.html.  

2 The checklist is available on the Clean Water Program’s public website at: https://cleanwaterprogram.org/. Click on 

“Resources,” then “Development,” and scroll down to “Stormwater Requirements Checklist.” 
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C.3 Stormwater Compliance Sign-off Form for Capital Improvement Program (CIP) Projects

This form references Provision C.3 of the Municipal Regional Stormwater Permit (MRP), issued by the San 

Francisco Bay Regional Water Quality Control Board on November 19, 2015.  

Project Name: 

Project Address:  APN: 

Contact Person: 

Contact Phone:  Contact Email: 

Project is NOT a C.3 “Regulated Project” and the Review of “GI Potential” Is Documented. 

C.3 “Regulated Project” Review

The project is NOT a C.3 “Regulated Project” based on the Regulated Project definitions in Provision 

C.3.b as indicated below. Please check the applicable box(es):

Project would create and/or replace less than 5,000 square feet of impervious area. 

Project would create and/or replace less than 10,000 square feet of impervious area AND 

project does not include auto service/maintenance facilities, restaurants, uncovered parking 

areas (stand-alone or as part of a larger project), or structures with rooftop parking. 

Project is a Road Project AND project would construct less than 10,000 square feet of new 

contiguous impervious area when the following are excluded from the calculation:3 

o Sidewalks built as part of new streets or roads that direct stormwater runoff to adjacent

vegetated areas.

o Bicycle lanes built as part of new streets or roads that are not hydraulically connected to

the new streets or roads and that direct stormwater runoff to adjacent impervious areas.

o Impervious trails that are:

A. less than 10 feet wide and more than 50 feet away from the top of a creek bank.

OR 

B. designed to direct stormwater runoff to adjacent vegetated areas or other non-

erodible permeable areas  (preferably away from creeks or towards the outboard

side of levees).

o Sidewalks, bicycle lanes, or trails constructed with permeable surfaces (pervious concrete,

porous asphalt, unit pavers, or granular materials).

o Caltrans highway projects and associated facilities.

Project consists of interior remodel. 

Project consists of routine maintenance and repairs (e.g., roof replacement, replacement of 

exterior wall surface, and/or pavement resurfacing) within the existing footprint.  

3 When calculating the impervious area of a Road Project, include all roadway surfaces related to creation of additional 

traffic lanes (including, for example, passing lanes and turning pockets). Shoulders and widened portion of existing 

lanes may be excluded from the calculation. 
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“Green Infrastructure (GI) Potential” Review 

Capital improvement program (CIP) projects that are NOT C.3 Regulated Projects must be reviewed to 

determine whether they have green infrastructure (GI) potential, as required in Provision C.3.j.ii.(2).  

When conducting these reviews, agencies should follow the Bay Area Municipal Stormwater 

Management Agencies Association’s (BASMAA) Guidance for Identifying GI Potential in Municipal CIP 

Projects. One way to follow this guidance is to use the Clean Water Program’s Worksheet for 

Identifying GI Potential in Municipal CIP Projects. These documents can be downloaded from 

www.cleanwaterprogram.com (click “Resources,” then “Development”). Please attach documentation 

to demonstrate that the project was reviewed for GI potential.  

The non-C.3 Regulated Project has been reviewed for GI potential as shown in the following 

document(s): 

Worksheet for Identifying GI Potential 

in Municipal CIP Projects, dated:  

Other documentation (describe): 

Project IS a C.3 “Regulated Project” — Compliance Documented. 

The C.3 Regulated Project has met all requirements for C.3 Regulated Projects as shown in the following 

documents: 

Stormwater Control Plan, dated:   ____________________________________________ 

Construction Documents, dated:   ____________________________________________ 

Other documentation (describe):   ____________________________________________ 

Signature Date 

Name Title 
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MEMORANDUM 

To: Timothy Burroughs, Chief Resilience Officer, City of Berkeley 

Date: February 10, 2016 

From: Loren Labovitch, MWH Global 

Coauthors Matthew Freiberg, Daniel Cheng, Mark Hildebrand 

Subject: Berkeley Stormwater Financing Memo 

1. Introduction

In 2015 MWH formed a platform partnership with the 100 Resilient Cities Initiative (100RC), 

sponsored by the Rockefeller Foundation. As part of this partnership, MWH and its management 

consulting subsidiary, Hawksley Consulting, is assisting the City of Berkeley (City) with 

developing resilience around its Stormwater Program. A portion of this work involves the 

identification of funding options for the City’s Stormwater Program.  

Problem Statement - Berkeley’s Stormwater Program, like many such programs in California, 

has become increasingly expensive as NPDES permits require increasingly restrictive pollutant 

discharge limits.  These new limits are requiring most stormwater utilities to invest in 

infrastructure and provide higher service levels.  The City’s ability to satisfy these new regulatory 

requirements is undermined by regular budgetary shortfalls in the City’s Clean Stormwater 

Fund.  The financial constraints have made meeting basic operation and maintenance (O&M) 

requirements and regulatory standards challenging, as well as impacting the City’s ability to 

manage and address flooding, water pollution, road and trail washout, and other infrastructure 

upkeep.1 Often funding only comes on the heels of an emergency or a mandate which forces a 

community to take action.  In the City of Berkeley, the issue of managing a sustainable 

stormwater program is complicated by slowly growing revenues and increasing regulatory 

demands.   

The current financial state of the City’s Stormwater Program is placing Berkeley in a precarious 

position for meeting its regulatory requirements and achieving its overall resiliency goals.  

Deferred maintenance of stormwater infrastructure makes the city vulnerable to flooding and 

could lead to degradation of water quality.     

As such, the City’s Stormwater Program is faced with the challenge of either continuing to defer 

maintenance and risk noncompliance with new regulations, creating a new source of funding, or 

1 Personal communication with Timothy Burroughs, City of Berkeley Chief Resilience Officer on  9/30/15 
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“doing more with less”.  This memorandum provides a financial snapshot of the City’s 

Stormwater Program and explores available options for securing additional funding in the future. 

2. Current Stormwater Program Funding

The City’s storm drain system and watersheds are managed by the Department of Public 

Works. Maintenance of the 78 miles of Stormwater system infrastructure is managed by the 

Streets and Utilities Division.  Any capital improvements are delivered by the Engineering 

Division’s Stormwater and Creeks/Watershed Management unit2. The City’s Clean Stormwater 

Fund (CSF), which provides funding for the maintenance and improvement of the City’s storm 

water drainage system, is currently funded from three sources3: 

1. Clean Stormwater Fund Revenues – Fees are assessed to property owners that

contribute to stormwater runoff. The fee is currently set at a flat $34 annual rate
(collected annually on property tax bills), as adopted by voters in 1996 through a
Proposition 218 (Prop. 218) process.

2. UC Long Range Development Plan – The University of California at Berkeley currently
contributes approximately $250,000 as part of its Long Range Development Plan
(LRDP).

3. General Fund Transfer – In the past the City has provided a $700,000 annual transfer
from its General Fund to support the Stormwater Program. This practice ended in FY
2013, but the City has proposed plans to reinstate $130,000 annually starting in FY
20164.

Figure 1 shows the CSF cash flow in FY 2016.  The Clean Stormwater Fund revenues are 

balanced through FY 2017 to support basic storm drain maintenance; however, multiple years of 

annual revenue shortfalls will result in a negative program balance in FY 20184.  

Figure 1: City of Berkeley Clean Stormwater Fund Balance (FY 2016)4 

2 Proposed Biennial Budget (FY 2016-2017), City of Berkeley 
3 Proposed Capital Improvement Program (FY 2016-2017), City of Berkeley 
4 Proposed Biennial Budget (FY 2016-2017), City of Berkeley 
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As shown in Figure 1, only a fraction of the CSF is used to fund the City’s Stormwater Capital 

Improvement Program (CIP) 5.  Currently the CIP is largely funded by proceeds from Measure M 

bonds, as well as a surplus gas tax transfer from the Streets Program. Figure 2 shows the FY 

2016 sources of funding and spending for the Stormwater CIP.  It should be noted that Measure 

M funding will be exhausted in 2019. Measure M, passed during the 2012 voting cycle is 

currently in effect, and includes funding for green infrastructure projects that provide stormwater 

management benefits. While the City has been able to implement some green infrastructure 

projects using Measure M funding, the majority of the funding has been utilized by the Streets 

Program to address much- needed pavement condition improvement needs. 

Figure 2: City of Berkeley Stormwater CIP (FY 2016)6

The City’s current Watershed Management Plan7 (WMP) was adopted by City Council in 2012. 

The WMP establishes an integrated and sustainable strategy for managing urban water 

resources and addresses water quality, flooding, and the preservation of local creek habitat and 

the San Francisco Bay. The WMP also identifies capital improvement projects and projected 

revenue needs for all City watersheds, totaling ~$37 million over the next 5 years to fully fund 

the envisioned plan ($7.5 million in FY 2016 alone). 

The WMP proposed a scaled approach to funding the City’s Stormwater Program. The size of 

programs and projects would be tailored to match four levels of available funding, with Level 4 

corresponding to the largest available budget and most comprehensive scope of work. Between 

2012 and 2015 funding for the Stormwater Program has stayed near the most basic level. 

Consequently, most of the maintenance for the existing stormwater infrastructure has been 

5 Proposed Capital Improvement Program (FY 2016-2017), City of Berkeley 
6 Proposed Capital Improvement Program (FY 2016-2017), City of Berkeley 
7 2012 Watershed Management Plan (City of Berkeley) 
https://www.cityofberkeley.info/uploadedFiles/Public_Works/Level_3_-_Sewers_-
_Storm/WatershedMgtPlan_2011October_Version1.0.pdf  
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deferred. Going forward, the availability of secured funding deteriorates as the Measure M Bond 

is set to expire in 2019.  

3. Stormwater Funding Options

Funding stormwater programs is a challenge throughout the US, but in California the challenge 

is further complicated by Prop. 218, a constitutional amendment adopted in 1996 that has 

procedural and substantive requirements for property-related fees, such as stormwater 

management fees. The procedural element requires that new or increased property-related fees 

for services (other than water, sanitary sewer and trash services) be approved by a super 

majority of property owners (or 2/3 of registered participating voters). Prior to the election, a 

majority protest hearing, after 45 days’ mailed notice to affected property owners, is also 

required.  

Obtaining voter approval for fee increases poses a particular challenge to stormwater utilities 

because, unlike many other utility services, it cannot be metered and the service often goes 

unseen to the untrained eye.  Since customers often do not understand the need for this service 

and may even view it as a “rain tax,” it is often a challenge to get voter support for new or 

increased stormwater fees.  

There is no “silver bullet” to obtaining stormwater funding. However, the following sections 

provide a list of rate, grant, and debt financing mechanisms that if used alone or in combination 

may increase the funding of the CSF and Stormwater CIP. 

3.1. Funding Sources 

The following sections provide a list of funding mechanisms for the CSF.  While not all of these 

options are necessarily recommended, they have been included to demonstrate the breadth of 

the options that were considered, as well as to give context to the final recommendation 

We have assumed that, at a minimum, the City will retain the $34 Clean Stormwater Fund Flat 

Fee that is currently assessed to property owners.  

3.1.1. Increase Existing Clean Stormwater Fund Flat Fee 

A new stormwater fee, adopted within the requirements of Prop. 218, could replace the existing 

Stormwater Charge.  The new rate structure would be supported by an Engineers Report, which 

would demonstrate that the charge complies with Prop. 218 proportionality requirements, such 

as assigning the stormwater charges based on the impervious surface of each parcel.   

There are multiple approaches to designing stormwater fees that are consistent with Prop. 218 

requirements.  One example is to allocate costs based on the type and concentration of 

pollutants that is typically found in the runoff from certain types of land use.  This approach 

would require a complex cost-of service analysis that would consider the specific costs of the 

Stormwater Program’s elements, including the costs associated with remediating each of the 
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NPDES’ pollutants of concern.  Less complex approaches could include allocating costs based 

on impervious surface, property size, or simply by parcel.  

Pro & Cons – A new stormwater fee, vetted through the Prop. 218 process, would establish a 

charge that has a clear nexus with the cost of providing stormwater service to each respective 

property owner.  If adopted, the new fee could include automatic annual rate adjustments based 

on cost indices for up to 5 years.  The drawback to this option, and any option where a new fee 

is created, is the requirement for voter approval, the cost of designing the new rates, the cost 

carrying out the election process, and the risk of the expenses if voters do not approve the 

proposed rates. 

Examples – Los Angeles County Flood Control District Clean Water, Clean Beaches Measure 

and Santa Monica Clean Beaches and Ocean Parcel Tax.  In Southern California, many cities 

and counties are using the Prop. 218 process to generate new revenue to fund their Stormwater 

Programs.  These two examples levied property related water quality fees to finance water 

quality improvement projects and programs.  Their core messaging linked the Stormwater 

Program to the protection of their shoreline.  The City of Berkeley could use a similar approach 

to promote the multiple benefits of their Stormwater Program8. 

3.1.2. Transfers from the General Fund 

The City has the option to increase its CSF funding with money from the City’s General Fund. 

The General Fund’s source of revenue includes property taxes, local income tax, general sales 

tax, franchise fees and other miscellaneous sources. The previous General Fund supplement 

for the CSF which ended in FY 2013 could be reinstated.  This would be in addition to the City’s 

plans to begin an annual transfer of $130,000 in FY 2016 for emergency storm response9. 

Pro & Cons – We assume that relying on additional General Fund monies is not feasible.  The 

City’s priorities may evolve over time, resulting in future transfers away from the Stormwater 

Program. In addition, General Fund allocations are often subject to an annual budgetary 

process, and are therefore not a secure source of revenue. 

3.1.3. Transfers from Other City Utilities and Funds 

Fund transfers from other utilities are lawful to the extent that it can be shown that the 

operations of a utility impose costs on, or receive benefits from, related Stormwater Program 

services.  The transfers cannot exceed those designated costs/benefits. In theory, such utilities 

may include potable water, solid waste (trash), sewer, and others.  For example, it could be 

argued that the solid waste utility bears responsibility, at least in part, for the litter that needs to 

8 Stormwater Funding Options, Providing Sustainable Water Quality Funding in Los Angeles County. May 21, 2014. 
Ken Farfsing, City of Signal Hill and Richard Watson, Richard Watson & Associates, Inc. 
9 Proposed Biennial Budget (FY 2016-2017), City of Berkeley 
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be cleared from storm drains. This can be justified because activities such as street sweeping 

provide a dual benefit for streets and storm drain maintenance. Similarly, the sewer system 

benefits from repairs to the storm drains since stormwater infiltration can increase the cost of 

operating and maintaining both the collection system and the sewer treatment plant.  

Pro & Cons – While passing-through the cost of storm drain maintenance to the sewer utility 

may be feasible, transfers between programs inherently may limit the City’s ability to perform 

other essential functions. 

Example – Currently, the City of Berkeley uses a gas tax to partially fund road improvements. A 

small percentage of this tax (approximately $300,000 annually) is transferred to the Stormwater 

Program. To boost transfer funding, the City could leverage the annual surplus currently held by 

the Measure B Sales Tax Fund.  Measure B was developed to fund capital projects for local 

streets and roads and is currently projecting an annual surplus of over $300,000 a year between 

FY 2016 and 2018.  Measure B funds could be transferred to the Stormwater Program to fund in 

street LID capital improvement projects, meeting the needs of both the Road and the 

Stormwater Programs. 

3.1.4. Special Tax 

The City could opt to create a special tax that would specifically be used to finance the 

Stormwater Management Program.  Special taxes require a 2/3 majority approval by registered 

voters.  Due to Proposition 13, special taxes cannot be imposed based on property value; in this 

case, it would be a "per parcel" tax, apportioned according to property square footage, 

estimated impervious surface, or as a flat charge. 

Pro & Cons – While implementing a special tax to fund the CSF is viable, the conditions of 

approval are not as favorable as Prop. 218 requirements. While the voting dynamics in the City 

may be unique, it is likely that it would be easier to obtain a simple majority (i.e., 50%) approval 

from property-owners than 2/3 majority approval of all registered voters.  In addition, the 

proceeds of a special tax count toward a local government's Gann appropriations limit. 

Examples – Commercial Trash Impact Fee– A 2011 analysis of street litter in 4 Bay Area Cities 

(Oakland, Richmond, San Jose, and South San Francisco) found that ~49% of street litter 

comes from fast food or convenience stores.  Application of a trash impact fee would apply 

pressure to the source of the waste10.  The fee can be used to help fund trash collection projects 

or City O&M activities aimed at tackling the trash TMDL.  The Fee could be waived for 

companies that embrace waste reduction strategies that can be defined by the City. 

In 2006, the City of Oakland assessed such a tax on businesses.   An annual tax of $230 to 

$3,815 is collected annually from businesses using tiered rates that assess fees based on the 

10 Clean Water Fund. December 2011. “Taking Out the Trash: Identifying Sources of Trash in the Bay Area.” 
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annual gross receipts of the business.  The fees are used to hire small crews to pick up litter in 

commercial areas and other trash hot spots in the city.    The ordinance allows for reduction in 

fees for businesses that are already providing trash clean-up in their neighborhoods11,12. 

The City of Berkeley, following the successful ballot measure on sugar-sweetened beverage 

products, seems well-positioned to propose a similar General or Special Tax for take-out food, 

liquor stores, convenience markets, and gasoline station markets to defray the cost of litter and 

trash clean-ups resulting from their operations.  This tax can be used to pay for the trash 

exclusion devices in storm drains, increased city staff to clean waste, or O&M activities to 

reduce trash from city streets.  

3.1.5. General Tax with Special Advisory 

The City could opt to seek approval for a general tax (requiring simple majority approval from 

registered voters) along with an “advisory measure” (a so called “Measure A-Measure B 

Strategy”).  This involves accompanying the tax measure with an additional measure that 

provides guidance on how the public feels the funds should be spent. The advisory measure 

would be non-binding since a general tax, by definition, cannot be legally earmarked for a 

particular purpose. The idea is that adoption of the advisory measure would hopefully create 

sufficient political pressure to guarantee that the tax increase will always be used for stormwater 

management purposes despite being deposited into the general fund. 

Pro & Cons – It is not clear whether the terms for voter approval of a general tax are more 

favorable than enacting a new stormwater fee (a Prop. 218 vote).  Distinguishing between the 

two would require a clear understanding of the opinion of all registered voters versus the opinion 

of all property owners, which require a comprehensive survey. In the event that no such survey 

is conducted, enacting a new standalone Prop. 218 compliant user fee is preferable since the 

revenue would be guaranteed to benefit the Stormwater Program. Like the Special Tax above, 

the proceeds of a general tax would count toward the City’s Gann appropriations limit. 

Example – Orange County, California has instituted a half-cent sales tax to fund the Orange 

County Transportation Authority’s transportation improvements funding measure.  The funds 

from this sales tax are set aside to fund water quality and environmental clean-up projects with a 

transportation nexus.  This funding allows for both capital and operations improvements. 

Similarly, the City of Berkeley could expand on the gas tax to fund new projects designed to 

offset the contribution of roads and cars to runoff and pollution.  If a gas tax is not politically 

feasible, a similar tax could be applied to other vehicular purchases such as oil changes, tire 

replacements, or other equipment or repair purchases.  

11 http://www.oaklandnet.com/government/fwawebsite/revenue/pdf/WEBPAGEELF92206.pdf 
12“Oakland first city to tax fast-food trash.” USA today. February 8, 2006.  
http://usatoday30.usatoday.com/news/nation/2006-02-08-fast-food-tax_x.htm 
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3.1.6. Benefit Assessment 

A Benefit Assessment is a charge on properties that receive a “special benefit” from public 

programs.  In other words, Benefit Assessments link the cost of public improvements to those 

properties which receive a specific benefit from those improvements13.  Approval requires a 

simple majority of affected property owners weighted by financial obligation.  

Benefit Assessments are popular for funding park maintenance efforts and flood programs, but 

they are less common in funding stormwater programs.  A comprehensive engineer’s report is 

required as the legal basis for the assessment, which may require the creation of separate 

assessments charges by watershed, based on the relative cost of the Stormwater Program 

within each watershed.  For example, if structural stormwater treatment technologies are 

required to remediate a particular pollutant of concern that exists in one watershed, but not 

another, the rules of special assessment may require that those costs should be borne by only 

those properties within that watershed since only they contribute to the problem.   

Pro & Cons – The advantage of a Benefit Assessment is the fact that property owners would 

pay based on the benefit received.  This, however, may not be significantly different from the 

rate structure of a property-related fee, which charges based on the cost of providing service.  It 

is not clear which is more likely to obtain voter approval: a Benefit Assessment or a Prop. 218 

vote.  With a Benefit Assessment, the commercial, industrial and institutional (CII) customers 

would generally pay more and therefore receive a more heavily weighted vote.  CII customers 

would represent a considerable hurdle if they decided to oppose the fee. 

3.1.7. Stormwater Impact Fee 

Stormwater Impact Fees are assessments on new development and redevelopment projects.  
They are one-time fees whereby developers “buy into” the existing stormwater infrastructure or 
pay for the costs of any new infrastructure that is required to accommodate the addition of the 
development project.  California Government Code Sections 66000 through 66009 requires that 
impact fee revenue only fund capacity-related capital projects. As such, the revenue from the 
Stormwater Impact Fees could not be used to fund O&M or repair and rehabilitation (R&R) 
activities.  In California, impact fees need to be related to the impact created by the 
development project, otherwise the fee may fall under a different category, such as a special tax 
(and thereby require a two-thirds majority voter approval).   

13 Publicly owned parcels are not exempt from assessments unless the parcels receive no special benefit from the 

program, which is unlikely given the nature of the stormwater program.  Also, because assessments are not defined 

as taxes, they are not subject to Proposition 13 limitations. 
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Cities and municipalities that assess stormwater impact fees may provide fee reductions or 
waivers for developers that incorporate stormwater capture and treatment systems onsite14. 

Pros and Cons – Creating a Stormwater Impact Fee would provide some funding, albeit not 

reliable, for growth-related CIP projects and allow a larger portion of other stormwater revenue 

sources to be used for O&M and R&R of existing infrastructure.  While impact fees are subject 

to the provisions and limitation of CA Government Code Sections 66000 et. seq., they are not 

taxes or special assessments and therefore do not require voter approval to be enacted15.  That 

being said, the revenues from these fees are unpredictable since the rate of development 

depends on the economy or the availability of land for growth or redevelopment.  Currently, 

there are 16 large development projects in Berkeley that are being built or are in the building 

application process16.  At the current rate of development, an impact fee could make a material 

contribution to funding growth-related capital projects. 

3.1.8. In-Lieu Fee 

Currently, the City of Berkeley complies with the San Francisco Bay Municipal Regional Permit 

(MRP) Provision C.317 requirements by requiring development and re-development projects to 

complete a stormwater checklist as one requirement for obtaining a zoning permit.  Projects that 

do not meet C.3 requirements are denied either a building permit or a Certificate of 

Occupancy18.  

In-Lieu Fees19 are an alternative compliance option for Provision C.3 stormwater 

capture/treatment requirements for regulated projects, whereby developers can opt out of 

installing the required on-site stormwater retention BMPs by paying an “in-lieu” fee that is used 

to construct an equivalent stormwater project offsite20.  

Pros and Cons – In-lieu fees present another opportunity to fund growth-related capital 

projects, thereby allowing a larger portion of other stormwater revenue to be used for expenses 

such as O&M and R&R.  In-lieu fees are not classified as a tax or special assessment, and 

therefore do not require voter approval to be enacted.  Additionally, in-lieu fees confer 

14 Stormwater Funding Options, Providing Sustainable Water Quality Funding in Los Angeles County. May 21, 
2014. Ken Farfsing, City of Signal Hill and Richard Watson, Richard Watson & Associates, Inc. 
15 San Francisco Estuary Partnership. August 2015.  Green Infrastructure Funding Mechanisms. 
16 Projects range in size between ~24,000 - >180,000 sq. ft.  Personal Communication with Timothy Burroughs, 
City of Berkeley Chief Resilience Officer, October 2015. 
17 Provision C.3 of the San Francisco Municipal Regional Permit provides requirements for onsite stormwater 
retention/detention for regulated new and redevelopment projects. 
18 Personal Communication with Timothy Burroughs, City of Berkeley Chief Resilience Officer, October 2015. 
19 In-Lieu Fees are described in the latest draft of the Municipal Regional Stormwater Permit under Provision C.3.e, 

Alternative or In-Lieu Compliance with Provision C.3.b.   
20 California Regional Water Quality Control Board, San Francisco Bay Region, Municipal Regional Stormwater 
NPDES Permit. 
http://www.waterboards.ca.gov/sanfranciscobay/water_issues/programs/stormwater/Municipal/TO_Order_Only.pdf 
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developers with the flexibility to build on parcels that are not well suited for onsite stormwater 

treatment as required by C.3, thus creating more opportunities for redevelopment.  

Creating an in-lieu fee system will require a study to determine the appropriate fee structure and 

mitigation criteria. There is also an on-going effort that will be needed to administer and oversee 

the program. Additionally, the MRP has included a 2019 deadline for establishing such 

Alternative Compliance systems21.  As with impact fees, the revenues from in-lieu fees are 

highly dependent on the rate of development, which is a function of the economy and the 

availability of land for development.   

3.1.9. Grants 

There are some grants available to stormwater utilities, however the competition to receive 

those grants is intense. In addition, the application process can be lengthy and there is no 

guarantee that funding will be granted upon the submission of an application package.  Grants 

that are currently available tend to favor large-scale, multi-benefit projects. The following 

provides a partial list of grants that may be of interest to Berkeley. 

• California Proposition 1 - In 2014 voters passed California Proposition 122, enacting the
Water Quality, Supply, and Infrastructure Improvement Act of 2014, authorizing over $7
billion of grants, among which are $1.495 billion for multi-benefit ecosystem and
watershed protection and restoration projects and $395 million for statewide flood
management projects and activities.

• Clean Water Act Section 31923 - The Clean Water Act has a section that provides funds
to “designated state and tribal agencies” to implement their approved “nonpoint source
management programs”. While the City is ineligible to apply directly for these funds.
Increased coordination with the Bay Area Integrated Regional Water Management Plan
(IRWMP) may yield opportunities to benefit from regional grant-funded projects.

• Alameda County Clean Water Program24 - The program includes an annual
Community Stewardship Grant Program that funds community-based projects that
“enhance and protect the health of local waterways”. Approximately $25 thousand is
available each year. The size of this grant is very small compared to the aggregate need
for Stormwater funding. However, it can be a vehicle to engage community groups and
create awareness of the need to properly manage the City’s watersheds.

Pros and Cons – Grants make sense as a piece of any city’s stormwater funding portfolio, but 
do not represent a sustainable source of funding for long term planning.  Grants represent an 
excellent opportunity to advance the City’s Stormwater Program with a large infusion of funds 
for Capital Improvement projects.  However, grants can often come with limitations for how 

21 San Francisco Estuary Partnership. August 2015.  Green Infrastructure Funding Mechanisms. 
22 http://www.waterboards.ca.gov/water_issues/programs/grants_loans/swgp/prop1/ 
23 http://water.epa.gov/polwaste/nps/cwact.cfm#apply  
24 http://www.cleanwaterprogram.org/grants.html  
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funds can be spent, involve a substantial amount of staff time to win, may involve more staff 
time for continual reporting to the funder, and due to the competitive nature of grant 
procurement, are not a reliable source of funding.   

3.2. Debt 

The following discusses debt as a mechanism to secure financing for large capital investments. 

While this strategy can be effective in avoiding the need for a one-time spike in revenue (by 

spreading those capital costs over a longer duration), it is important to point out that debt is a 

tool for managing money but not a *source* of money.  The City will only be able to secure debt 

if a reliable (and adequate) source of long-term revenue is established. 

3.2.1. General Obligation Debt Financing 

With a current bond rating of Aa2, the proposed CIP says that the City is likely able to “generate 

new bond proceeds in the range of $57-74 million” while keeping “the total tax rate near the 

current level over the next 30-years”. This suggests that the City has additional capacity to 

borrow money to finance capital improvements. New bonds however need to be approved by 

voters. 

It is worth noting that any increase in annual revenues will result in the increased ability for the 

city to secure future debt financing.  

3.2.2. Clean Water State Revolving Fund25 

A portion of the Clean Water State Revolving Fund (SRF) is allocated for financing stormwater 

projects. The 2015 rate from this program was approximately 3.07%. SRF funds are commonly 

used to finance large water and wastewater infrastructure projects, and can be pursued if a 

large stormwater project is identified. The application process is complicated and subject to 

various restrictions, so projects pursuing SRF funding should allocate additional time and up-

front resources to secure the funding. The application process will require the applicant to 

demonstrate the ability to repay the loan, therefore it needs to be coupled with a rate financing 

mechanism to be successful. 

4. Opportunity for Integrated Planning

Each of the funding strategies in Section 3 are accompanied by risks: increasing rates requires 

voter approval, grants lack dependability, and transfers between various City funds may only 

shift funding shortfalls to other City programs (Figure 3).  

A promising alternative is to identify synergies between existing City programs. While most City 

services have separate funding and separate master plans, there are many cases where 

25 http://www.waterboards.ca.gov/water_issues/programs/grants_loans/srf/ 
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decisions made within one service are likely to affect the performance of another.  Integrated 

planning approaches can be used to identify opportunities to implement projects and programs 

that serve the needs of multiple City programs. Successful implementation of integrated 

planning would allow for cost sharing among City programs to achieve equal or greater service 

at a lower marginal cost.  This integrated approach requires a shift in viewing city services as a 

patchwork of different departments, to a coherent whole, where multiple services work together 

to produce a desirable environment.   

Currently, a large portion of the City’s capital expenditures are spent on rehabilitating its streets, 

which has corresponding (but unexplored) impacts on its stormwater system. Meanwhile the 

City’s Stormwater Program lacks the funding to implement much needed capital improvement 

projects to manage the runoff from the City’s impervious surfaces.  An integrated planning 

approach could be used to identify opportunities for the Streets and Stormwater Program (and 

potentially other programs) to pool their resources to implement stormwater enhancement 

projects within the right-of-way (Figure 3).  For example, some preliminary studies have shown 

that utilizing permeable pavers in roadways can reduce the quantity and improve the quality of 

stormwater runoff while also extending the life of the roadway when compared to traditional 

asphalt systems26, 27.  Projects like these can be implemented in strategic locations to achieve 

the needs of multiple programs while providing cost savings for each department.   

26 Wang, Ting, John T. Harvey, David Jones (2010) A Framework for Life-Cycle Cost Analyses and Environmental 
Life-Cycle Assessments for Fully Permeable Pavements. Institute of Transportation Studies, University of 
California, Davis, Research Report UCD-ITS-RR-10-48 
27 “Permeable Pavers Score a Triple Double in Bloomington’s Cascades Park.” Interlocking Concrete Paver 
Magazine. November 2005. 
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Figure 3: Integrated Planning May Create Benefits Across Multiple Services 

5. Recommendation

The City’s Capital Improvement Program has identified $37 million in unfunded liabilities over 

the next 5 years28. Increased funding for the City’s Stormwater Program is needed to meet the 

City’s regulatory demands, as well as enhance the community’s general aesthetics, 

environmental protection, and resilience portfolio.   

There is no silver bullet to stormwater financing, often stormwater programs remain overlooked 

and underfunded as communities struggle to allocate limited resources.  As an “end game” 

strategy, we recommend that the City work towards increasing the level of funding from the 

Clean Stormwater Charge through the Prop. 218 voting process since this would clearly be the 

28 This includes $5 million for unfunded maintenance needs and $32 million for projected capital improvement 
projects.  The total unfunded capital needs of the stormwater system are ~208 million total. 
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most reliable source of long-term funding. This process will require a rate study, a period of 

public outreach, and then the voting process, all of which will take time (1 – 2 years).  

Obtaining Prop. 218 approval from voters will require a strong public outreach campaign as well 

as internal support from City Staff.  We recommend building a foundation of public support by 

first establishing an integrated planning approach for other Public Works programs that allow the 

City to develop and demonstrate multi-benefit projects that efficiently meet city transportation, 

waste management, and stormwater demands while reducing flooding impacts, improving water 

quality, and local environmental health of streams and water ways.   

This integrated planning mindset may be the best opportunity for the City to achieve long term 

fiscal sustainability and resiliency.  Other stormwater programs across the US have found ways 

to “do more with less” by creating multi-benefit projects using green infrastructure to improve 

water quality and reduce the quantity of wet and dry weather runoff, preserve urban open space 

and reduce flooding risks by creating mixed use recreation and stormwater detention facilities, 

prepare for increased peak flow events, and enhance their resilience to water supply 

interruptions by enhancing groundwater infiltration29,30,31. 

By adopting (and demonstrating) an integrated planning process between the multiple Public 

Works programs (Stormwater, Streets, Trash, and Sewer) to achieve synergistic benefits, the 

City will be earning the confidence of  decision-makers and voters, all of which will improve the 

chances of successful Prop. 218 campaign. 

As a next step, we recommend the City develop an Integrated Stormwater Financing Plan that 

comprehensively evaluates the City’s revenue building and cost sharing options.  Such a plan 

would evaluate the City’s operating and capital needs, assess current funding mechanisms, and 

identify the precise financial needs of the Stormwater Program.  The final plan would provide a 

roadmap for increased revenues that will meet the programmatic demand and all regulatory 

requirements, as well as identify opportunities for multi-benefit projects that reduce the marginal 

costs of project implementation for the Stormwater Program and other Divisions of the Public 

Works Department.  Implementation of this plan will result in greater financial stability for the 

Stormwater Program and put into motion a series of projects that will enhance the city’s 

resiliency portfolio. 

29 “Improving Community Resiliency with Green Infrastructure.”  USEPA. 
http://water.epa.gov/infrastructure/greeninfrastructure/upload/gi_resiliency.pdf 
30 “City of LA Releases Seismic Resilience Report and Plans.” http://www.planningreport.com/2015/02/26/city-la-
releases-seismic-resilience-report-and-plans 
31 “Managing Wet Weather with Green Infrastructure, Municipal Hand Book, Green Streets.” USEPA. December 
2008 
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INTRODUCTION AND EXECUTIVE SUMMARY 

OVERVIEW 
The City of Berkeley (“City”) has engaged SCI Consulting Group to study, make 
recommendations, and assist in the implementation of a funding approach for its municipal 
separate storm sewer system1 (“MS4”) including capital improvements, maintenance and 
operations, and compliance to all state and federal regulations associated with the National 
Pollutant Discharge Elimination System (“NPDES”). 

In 2012, Resolution 65,930 NS, the City adopted a Watershed Management Plan (“WMP”) 
that presented an integrated and sustainable strategy for managing urban water resources. 
It meant to guide further City efforts in promoting a healthier balance between the urban 
environment and the natural ecosystem. More specifically, it addressed water quality, 
flooding, and the preservation of creeks and habitats using multi-objective approaches 
where possible. The WMP concluded with a set of recommendations that included over $207 
million in capital improvements spread across the City’s 10 watersheds. The WMP also 
presented four funding scenarios ranging from existing revenue levels up to a $30 million 
bond measure and/or a $7.7 million fee program. 

In 2017 the City engaged SCI Consulting Group to conduct a comprehensive storm drainage 
fee study that would include recommendations to update the City’s storm drainage fees and 
the strategic plans to meet the City’s storm drainage regulatory compliance requirements. 
This work was to be done in three phases: 1) Estimate preliminary user rates; 2) Conduct a 
public opinion survey of Berkeley property owners; and 3) Implement a funding mechanism. 
This Fee Report (“Report”) is the first task of Phase 3. 

CITY’S FACILITIES 
The City operates and maintains a storm drainage system, as it is empowered to do so per 
Government Code Sections 38900 and 38901. It is comprised of an integrated system of 
storm drain pipes, culverts and ditches.  Local creeks are not considered part of the City’s 
storm drain system, although they receive most of the urban runoff and are impacted by how 
the City’s storm drainage system functions.   

The Berkeley area began experiencing residential development over one hundred years 
ago. As the community grew, the storm drainage system was developed along with the 
neighborhoods and commercial areas while still maintaining many native creek segments. 
Although the City is highly urbanized, there are a large number of open creek segments that 
cross streets, private properties and roadways through numerous culvert sections. 

1 In this report, the terms “storm sewer”, “storm drainage”, and “stormwater” are used 
interchangeably, and are considered to be synonymous. 
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In the early 1990s, in response to the federal Clean Water Act amendment of 1987, 
municipalities were, for the first time, required to obtain an NPDES2 permit from the 
California Regional Water Quality Control Board to address urban storm drainage runoff 
pollution. Under this permit, the City works to reduce stormwater pollution, protect and 
enhance its watersheds, preserve beneficial uses of local waterways, and implement State 
and federal water quality regulations within the limits of its jurisdiction. Over the years, the 
range of actions taken by the City has greatly increased in response to evolving regulatory 
requirements and community needs. 

STORM DRAINAGE FUNDING 

In response to the NPDES permit requirements, the City implemented a Clean Storm Water 
Fee in 1991 for all residences and businesses in the City. The City collects approximately 
$2 million annually from this fee, which has not been increased since its 1991 inception. In 
addition, the City receives an annual allocation from UC Berkeley’s long range development 
plan (“LRDP”) of approximately $277,000. Initially these revenues were sufficient to fund 
ongoing maintenance, operations and capital improvement projects. Today, those costs well 
exceed the available storm drainage funding. 

Based on the current and projected revenue shortfalls for the City’s storm drainage activities, 
SCI recommends that the City implement a property-related fee as the preferred 
mechanism3 to generate revenue for storm drainage services. This Report proposes a new 
fee structure, to be known as the 2018 Storm Drainage Fee (“Storm Drainage Fee”), that 
would be implemented without replacing or affecting the existing fee that has been in place 
for over 25 years. 

IMPLEMENTATION PROCESS & LEGAL REQUIREMENTS OF STORM DRAINAGE FEE 
Property-related fees are primarily defined by Articles XIIIC and D of the State Constitution, 
which was approved by voters in 1996 through Proposition 218, as well as the Proposition 
218 Omnibus Implementation Act (Government Code Sections 53750 – 53758). In 
particular, Article XIIID, Section 6 describes the procedures for a property-related fee. Once 
a proposed fee has been determined, there is a two-step process for approval: 

• The City must mail a Notice of the proposed fee to all property owners subject to
the fee at least 45 days before a public hearing on the matter. At that hearing, the
City shall consider all protests against the fee. If written protests are presented by a
majority of owners, the City shall not impose the fee. If a majority protest does not
exist, the City may proceed to the next step.

2 NPDES stands for the National Pollutant Discharge Elimination System as specified in 
the Federal Clean Water Act.  The City is one of the co-permittees named on the Alameda 
County NPDES permit issued by the Regional Water Board. The most recent MRP was 
issued in November 2015, however, these permits typically are renewed every five years, 
with each new iteration containing additional requirements. 
3 The only other practical option for funding storm drainage programs is a parcel tax, which 
requires a two-thirds majority as opposed to a 50% majority for a property-related fee. 
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• No property-related fee shall be imposed until it is submitted and approved by a
majority vote of the property owners of the properties subject to the fee4. This
election, or ballot proceeding, shall not be conducted less than 45 days after the
public hearing.

The required public hearing is tentatively scheduled for April 3, 2018, which requires the 
Notices to be mailed before February 16, 2018. The tentative date for the election (or when 
mailed ballots are due) is May 29, 2018. 

OTHER LEGAL REQUIREMENTS 
Any property-related fee must also comply with other requirements of Article XIIID, Section 
6. These include the following:

• Revenues derived from the fee shall not exceed the funds required to provide the
property-related service.

• Revenues derived from the fee shall not be used for any purpose other than that for
which the fee was imposed.

• The amount of a fee upon any parcel or person as an incident of property ownership
shall not exceed the proportional cost of the service attributable to the parcel.

• No fee may be imposed for a service unless that service is actually used by, or
immediately available to, the owner of the property in question. Fees based on
potential or future use of service are not permitted. Standby charges, whether
characterized as charges or assessments, shall be classified as assessments and
shall not be imposed without compliance with the assessment section of the code.

• No fee may be imposed for general governmental services including, but not limited
to, police, fire, ambulance or library services where the service is available to the
public at large in substantially the same manner as it is to property owners.

HOWARD JARVIS TAXPAYERS ASSOCIATION V. CITY OF SALINAS (2002) 98 CAL. APP.4TH 1351 
According to Article XIIID, Section 6 property related fees for sewer, water and refuse 
collection services are exempt from the balloting requirement. In 1999, the City of Salinas 
adopted ordinances that implemented a property related fee to fund NPDES water quality 
services associated with storm drainage without a ballot proceeding, by relying on “sewer” 
exemption from balloting. They were legally challenged by the Howard Jarvis Taxpayers 
Association (the authors and proponents of Proposition 218) which argued that a balloting 
was required because the services to be funded did not fall within the definition of “sewer”.  
The Court of Appeal made two rulings pertinent to this Report: 1) Storm drainage services 
are property-related, and 2) Storm drainage does not qualify for the sewer exemption, and 
therefore must be balloted. However, in making these findings, the Salinas Court concluded 
that the meaning of “sewer services” was ambiguous in the context of both Section 6c and 
in Proposition 218 as a whole. As such, the Court ruled in favor the voters’ intent to curb the 

4 Proposition 218 also allows approval by two-thirds of the electorate residing in the area. 
This is essentially the same requirement as a parcel tax, which was rejected by the City for 
lack of support. 
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rise in “excessive” taxes, assessments, and fees exacted by local governments with 
taxpayer consent. 

COMPLIANCE WITH CURRENT LAW 
This Fee Report is consistent with the Salinas decision and with the requirements of Article 
XIIIC and D of the California Constitution because the Services to be funded are clearly 
defined and the City intends to follow both approval steps (including a ballot proceeding). 
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FACILITIES AND SERVICES 

The City operates and maintains a “municipal separate storm sewer system” (“MS4”) within 
its boundaries. The MS4 is made of up man-made drainage systems including, but not 
limited to, curbs and gutters, ditches, culverts, pipelines, manholes, catch basins (inlets) and 
outfall structures. 

There are about 93 miles of storm drain pipelines under the public right-of-way. There are 
approximately 8 miles of open creeks in the City, only 7% of which are on public lands. There 
are about 6.5 miles of creek culverts, with about 60% on public property. All the creeks and 
storm drains in Berkeley eventually drain to the San Francisco Bay. The rainfall varies 
generally with elevation. The Bay plain areas receive an average annual rainfall of 
approximately 18 inches per year, while the hills receive as much as 26 inches annually. 

The open creeks and storm drain system serving the University of California at Berkeley 
(“UCB”) campus, located within the City, are owned and maintained by the University, but 
discharge downstream, primarily to Strawberry Creek. The Lawrence Berkeley National 
Laboratory, located on University property, also contributes storm drainage runoff to the 
City’s storm drainage system. 

The primary storm drainage service provided by the City is the collection, conveyance, and 
overall management of the storm drainage runoff from improved parcels. By definition, all 
improved parcels that shed storm drainage into the City’s MS4, either directly or indirectly, 
utilize, or are served by, the City’s storm drainage system. The need and necessity of this 
service is derived from those property improvements, which historically have increased the 
amount of storm drainage runoff from the parcel by constructing impervious surfaces such 
as rooftops, concrete areas, and certain types of landscaping that restrict or retard the 
percolation of water into the soil beyond the conditions found in the natural, or unimproved, 
state. To the extent that a property is in a natural condition or includes features that hold any 
increased runoff, that property is exempted from any MS4 service. As such, open space land 
(in a natural condition), and agricultural lands that demonstrate storm drainage absorption 
equal to or greater than natural conditions, are typically exempt. The service area is 
concurrent with the City boundaries. 
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FINANCIAL NEEDS SUMMARY 

SUMMARY OF STORM DRAINAGE SYSTEM NEEDS 

As part of the 2018 Storm Drainage Fee implementation task, the SCI team conducted an 
analysis of the City’s storm drain system needs. This analysis is contained in a technical 
memorandum from the firm of Larry Walker Associates, and is included in Appendix A of this 
Report. This analysis reviewed existing revenues and estimated the true costs of storm 
drainage to prevent local flooding and to remain in compliance with the current NPDES 
permit, commonly known as the Municipal Regional Permit (“MRP”) issued by the Water 
Board to all Phase 1 permittees in the San Francisco Bay area. The first MRP was issued in 
2009. The second MRP was issued in 2015, and is referred to as MRP 2.0. 

STORM DRAINAGE PROGRAM REVENUES 
The first step of the analysis was to review the revenues available to the City’s storm drain 
system. Based on information provided by the City, the existing revenues are projected 
through Fiscal Year 2021-22 as shown in Table 1 below. The State Transportation Tax and 
a portion of the Measure M Bond funds were allocated to the Stormwater Capital 
Improvement Program (“CIP”). Other funds were dedicated to other operational activities. 

TABLE 1 – SUMMARY OF STORM DRAINAGE PROGRAM REVENUE 

Prior Current Future
Shown in millions

Revenue Category 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22

Stormwater Fees 2.06$    2.08$    2.08$    2.08$    2.08$    2.08$    

University in Lieu (LRDP) 0.27          0.28          0.29          0.29          0.30          0.31          

General Fund Transfer In 0.13          -                 -                 -                 -                 -                 

Interest * 0.00          -                 -                 -                 -                 -                 

State Transportation Tax - 0.30 0.30          0.30          0.30          0.30          

Measure M Bonds - 3.26 1.17          -                 -                 -                 

TOTAL Revenues 2.47$    5.91$    3.83$    2.67$    2.68$    2.69$    

* Actual Interest revenue for FY 2016-17 was $2,697

STORM DRAINAGE PROGRAM COSTS 
The City’s storm drainage program is influenced primarily by the requirements to prevent 
local flooding and to comply with the MRP 2.0. These estimates were based on budgetary 
and supplemental information provided by the City. In broadly assessing the City’s storm 
drainage program’s costs, three main categories were used: Capital Costs (“CIP”); 
Operations and Maintenance (“O&M”) Costs, and Water Quality (NPDES) Costs. These 
categories reflect how the City generally allocates funds to implement its day-to-day storm 
drainage-related operations. 
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More detailed information can be found in Appendix A. The storm drainage program costs 
are summarized in Table 2 below.  (Note: The CIP costs summarized in the table below 
reflect a relatively minor subset of overall storm drainage capital needs. The City will 
continue to pursue non-City funding sources to address large-scale CIP costs.)     

TABLE 2 – SUMMARY OF STORM DRAINAGE PROGRAM COSTS 

 Prior Current  Future 
Shown in millions

Category 16-17 17-18 18-19 19-20 20-21 21-22  TOTAL 

CIP 0.16$   3.95$   2.82$   1.70$   1.86$   2.02$   12.51$     

O & M 1.53     1.23     2.03     1.89     1.95     2.00     10.62       

NPDES 0.93     1.05     1.27     1.32     1.37     1.42     7.36          

TOTAL COSTS 2.61$   6.23$   6.12$   4.91$   5.18$   5.44$   30.49$     

ANNUAL REVENUE REQUIREMENT 

The proposed fee is scheduled to begin in Fiscal Year 2018-19. Therefore, the data 
presented in Appendix A for prior years will not be considered. What remains for analysis is 
a four-year window in which existing revenue sources and projected costs are presented. 

Over the four fiscal years, the projected costs exceed revenues by $9.77 million. This is the 
amount that the proposed storm drainage fee would need to generate in order to bring the 
Stormwater Fund into balance. The resulting revenue requirement is therefore based on an 
annual revenue, estimated to be adjusted for inflation at 2.8%5 per year over the four-year 
period, that totals $9.77 million over those four years. These projections are summarized in 
Table 3 below.   

TABLE 3 – ESTIMATE OF ANNUAL REVENUE REQUIREMENT 

 Prior Current  Future 
Shown in millions

Category 16-17 17-18 18-19 19-20 20-21 21-22  TOTAL 

Revenues na na 3.83$   2.67$   2.68$   2.69$   11.87$    

Expenditures na na 6.12     4.91     5.18     5.44     21.65       

Shortfall na na (2.29)$ (2.24)$ (2.49)$ (2.75)$ (9.77)$     

Fee Revenues * 2.34$   2.41$   2.48$   2.55$   9.77$    

* Revenues are increased by 2.8% annually for inflation

5 This Fee Report includes an Annual Cost Indexing factor (see next section) that is equal 
to the Consumer Price Index (“CPI”), but is capped at 3% in any single year.  Since the 
CPI may not reach 3% in any of the coming four years, a value of 2.8% is used in this 
analysis. 
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RATE STRUCTURE ANALYSIS 

All properties which generate storm and urban runoff which flow into the City’s MS4 are 
served by the system. The amount of use attributed to each parcel is proportional to the 
amount of storm and urban runoff flow contributed by the parcel, which is proportional to the 
amount of impervious surface area (e.g. building roofs, pavement, etc.) on a parcel. 
 
In this Report, the median single-family residential parcel is used as the basic unit of 
measure, called the single-family equivalent, or “SFE.” Accordingly, since the primary 
quantifiable attribute for this fee structure is impervious surface area, the amount of 
impervious surface area on the median SFR parcel serves as the basic unit of impervious 
area. 
 
The basic unit of impervious area can be expressed by the following formula: 
 

Median SFR Parcel Area

x Average SFR Impervious Percentage

 = SFE Impervious Area  
 
The median SFR parcel is 0.11 acres (4,792 square feet). Careful analysis6 revealed that 
the average percentage of impervious area (“%IA”) of the medium class of SFR parcels is 
44.82%. Therefore, the amount of impervious area for the SFE is 2,148 square feet. This 
becomes the basis for calculating the SFEs for all other types of land uses. In order to 
accomplish this, a representative sample of each land use category was studied through 
aerial photographs to measure the actual impervious area, which was, in turn, used to 
calculate the %IA for each land use category (see Appendix B). 
 

SINGLE-FAMILY RESIDENTIAL PARCELS 

Berkeley has a wide range of sizes of SFR parcels, which have varying levels of %IA.  
Generally, smaller parcels tend to have a higher proportion of impervious area than larger 
parcels, which tend to have a lower percentage of impervious area. (This can be best 
visualized by the fact that larger residential properties tend to have a larger proportion of 
pervious landscaping, and therefore less impervious area.) Therefore, the range of SFRs 
were broken into three size categories as shown in Table 4 below. Since the size of a parcel 
is considered in finite groups, the resultant SFEs were calculated on a per-parcel basis for 
each size category using the formula above. 
 
It should be noted that the SFR category also includes multiplex parcels of two, three or four 
units, since their lot development characteristics do not vary significantly from the SFR 
parcels of similar size. In all, this includes the approximately 3,400 multiplex parcels in the 

                                                      
 
6 Appendix B includes a summary of results of parcels sampled in each category 
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City. Any residential structure with five or more units is categorized as multi-family residential 
(“MFR”), which is calculated separately. For parcels with multiple SFRs, analysis showed 
that those parcels contained 22% more impervious area than single-home SFRs within the 
same size category. Therefore, multiple-SFR parcels are computed separately. 

SPECIAL NOTES ON CONDOMINIUMS 
Condominium units are particularly difficult to categorize as they are often on very small 
individual parcels, yet share larger common areas that are made up of landscaped (pervious) 
areas; parking lots and shared roofs (impervious); and other recreational uses (either 
pervious or impervious). The data for these variables are not readily available, so it is 
assumed that overall their characteristics were most similar to the small lot make up. Overall, 
condominium units are smaller than the average SFR, and may include two or more stories 
of residences in some cases. When combined with the various common areas (which were 
exempted from the SFE process), the overall effect would be less runoff impact than the 
median size SFR. Thus, the Small SFR rate was used. 

TABLE 4 – SUMMARY OF SINGLE-FAMILY RESIDENTIAL PARCELS 

Lot Type

Total 

Parcels

Total 

Acres

Median 

Parcel 

Size

% Imperv 

Area

Median 

Imperv 

Area

Square Footage SF SF
Single 

Home

Multiple 

Homes

Small under 3,200 2,358 142 2,614 65.73% 1,718 0.80 0.98

Medium 3,200 to 7,200 16,371 1,861 4,792 44.82% 2,148 1.00 1.22

Large 7,200 and over 2,677 680 8,712 29.81% 2,597 1.21 1.48

Condos na 2,260 23 na na na 0.80 na

23,666 2,706

* Total  Parcels  and Acres  do not factor into the bas is  of the SFE ca lculation; they are shown for informational

purposes  only.

SFE per ParcelParcel Size Range

NON-SINGLE-FAMILY RESIDENTIAL PARCELS 

Unlike the SFR parcels, the non-SFR parcels can vary widely in size as well as 
characteristics. For this reason, the parcels have been grouped into land use categories 
according their %IA characteristics (as shown in Appendix B) so that SFE per acre can be 
computed for each category using the following formula: 

(43,560 sf / acre) x % I A

2,148 sf / SFE
= SFE per Acre

where 2,148 square feet is the amount of the impermeable area in one SFE. 
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Table 5 below shows a summary of the non-single-family parcel SFEs for each non-SFR 
land use category. 

TABLE 5 – SUMMARY OF NON-SFR PARCELS 

Land Use Category

Total 

Parcels Total Acres

% Imperv 

Area

SFE per 

Acre

Multi-Family (Apartments) 1,417 291 86% 17.44

Commercial / Retail / Industrial 1,740 630 96% 19.47

Office 236 87 90% 18.25

Institutional / Church 274 94 82% 16.63

School / Hospital 34 432 75% 15.21

Recreational 22 53 58% 11.76

Park 73 91 6% 1.22

Vacant (developed) 620 114 5% 1.01

Open Space / Agricultural na na

TOTAL 4,416 1,792

*  Total Parcels and Acres do not factor into the basis of the SFE calculation; they are shown for 

informational purposes only.

Exempt

Each individual parcel’s SFE is then calculated by multiplying the parcel size (in acres7) 
times the SFE per acre for that land use category, as shown in the following formula: 

Parcel Size (acres) x SFE per Acre =  SFE

DEVELOPED VACANT PARCELS 
Developed vacant parcels are distinguished from undeveloped vacant land by one of several 
characteristics. Typically, a developed vacant parcel has been graded to be ready for 
building construction (possibly as part of the original subdivision or adjacent street grading). 
In some cases, the parcel was previously improved, but the improvement has been removed. 
Although developed vacant parcels may have significant vegetative cover, the underlying 
soil conditions resulting from grading work can usually cause some rainfall to run off into the 
storm drainage system. The %IA for developed vacant parcels is conservatively assumed 
to be 5%.8 Vacant parcels that have significant impervious paving remaining from prior 
improvements may be classified as Commercial or some other classification best 
representing the %IA of the parcel. 

7 Parcel size for non-single-family residential parcels is calculated to the tenth of an acre 
or portion thereof. 
8 For instance, the City of Sacramento in 2015 used a %IA of 20% for vacant parcels. 
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OPEN SPACE AND AGRICULTURAL PARCELS ARE EXEMPT 
The City’s MS4 was developed in response to land development over the past several 
decades. Tracts of land that have not yet been developed, or have been used primarily for 
agricultural purposes, have not created an impact on the drainage system beyond the natural 
condition, and are therefore considered to receive no service from the MS4. In practical 
terms, these parcels generate no additional storm runoff beyond the natural condition. For 
these reasons, open space and agricultural parcels are exempt from the storm drainage fee.  

Berkeley is a City with some open space land, which can be situated on portions of 
developed parcels. For parcels that have a significant portion that is considered open space 
(or agricultural), those portions have been taken into consideration in the calculations of the 
%IA and SFEs. For SFR parcels, these open space lands have been included in the sampled 
lots size when calculating the average %IA, which produced a lower %IA for the large parcel 
category, and, thus, a lower SFE and Fee to accommodate the open space areas. For non-
SFR parcels the fees are calculated on individual acreage. However, the open space portion 
has been deducted from the acreage prior to all analyses including %IA as well as SFE and 
fee calculation.  

EFFECTS OF LOW IMPACT DEVELOPMENT 

The current NPDES Permit requires certain properties to construct storm drainage treatment 
and attenuation facilities, also known as low impact development (“LID”). These facilities 
often are designed to capture a portion of the storm flows, retain them, and enable them to 
infiltrate into the ground. While this is intended to help filter pollutants from the water, it also 
can reduce the parcel’s storm drainage runoff quantity to some extent. However, LID is 
designed to capture, retain and treat frequent, but low intensity storms. Conversely, the MS4 
is designed around the infrequent, high intensity storms, those storms which will typically 
overflow most LID facilities.  For this reason, no discount in the storm drainage fees is made 
available for parcels with LID facilities. 

STORM DRAINAGE FEE CALCULATION 

The primary metric in this analysis is the SFE as illustrated above. To arrive at the fee 
amount for the various land use categories, the total SFEs must be divided into the total 
revenue requirement to arrive at the rate per SFE. That calculation is represented by the 
following formula: 

Total Revenue Requirement

Total SFEs
= SFE Rate

Or, using numbers from the analysis, the SFE rate is: 

54,629.085 SFEs
per SFE= $42.89

$2,343,041
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This SFE rate amount is then multiplied by the SFE per parcel or SFE per acre for the various 
land use categories to arrive at the Storm Drainage Fee Rate Schedule shown in Table 6 
below. 

TABLE 6 – STORM DRAINAGE FEE SCHEDULE 

SFE Rate Unit

Single-Family Residential *

Small Under 3,200 sf 0.79992 34.31$   parcel

Medium 3,200 to 7,200 sf 1.00000 42.89$   parcel

Large over 7,200 sf 1.20933 51.87$   parcel

Condominium 0.79992 34.31$   parcel

Non-Single-Family Residential **

Multi-Family Residential 17.44360 748.16$     acre

Comm / Industrial / Parking 19.47193 835.15$     acre

Office 18.25493 782.95$     acre

Institutional / Church 16.63227 713.36$     acre

School / Hospital 15.21244 652.46$     acre

Recreational 11.76429 504.57$     acre

Park 1.21700 52.20$   acre

Vacant (developed) 1.01416 43.50$   acre

Open Space / Agricultural

*

**

Land Use Category Proposed Fee

exempt

Multiple SFR on a single parcel pay 22% higher rate

Non-Single-Family Residential parcel size is calculated to the tenth of an acre or portion thereof.

Single-Family Residential category also includes duplex, triplex and four-plex units.

The proposed $42.89 SFR rate is well within the range of storm drainage rates adopted by 
other municipalities. For a listing of rates adopted by other municipalities, see Appendix C. 

ANNUAL COST INDEXING 

The storm drainage fees are subject to an annual adjustment tied to the Consumer Price 
Index-U for the San Francisco Bay Area as of December of each succeeding year (the 
“CPI”), with a maximum annual adjustment not to exceed 3%. Any increase in the CPI in 
excess of 3% shall be cumulatively reserved as the “Unused CPI” and shall be used to 
increase the maximum authorized rate in years in which the CPI is less than 3%. The 
maximum authorized rate is equal to the maximum rate in the first fiscal year the Fee was 
approved adjusted annually by the lower of either 3% or the increase in the CPI plus any 
Unused CPI as described above. Note: In order for the City’s dedicated storm drainage 
revenue sources to satisfy costs requirement into the future, the annual adjustment for each 
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property may be calculated based upon the sum of the storm drainage fee and the existing 
Clean Storm Water Fee. 

COLLECTION, MANAGEMENT AND USE OF STORM DRAINAGE FUNDS 

The City shall collect the 2018 Storm Drainage Fees in the same manner as the annual 
property taxes on each parcel subject to the Fee. The City shall also deposit into a separate 
account(s) all 2018 Storm Drainage Fee revenues collected, and shall appropriate and 
expend such funds only for the purposes authorized by this Report. The specific 
assumptions utilized in this Report, the specific CIP projects listed, and the division of 
revenues and expenses between the three primary categories (CIP, O&M and NPDES) are 
used as a reasonable model of future revenue needs, and not intended to be binding on 
future use of funds. 
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APPENDICES 

APPENDIX A – FINANCIAL PLANNING AND FUNDING OPTIONS REPORT 

On the following pages is regulatory assessment and cost and revenue analyses, drawn 
from a technical memorandum prepared for this project by Larry Walker Associates. The 
information contained in this Appendix forms a partial basis for the fee calculations in the 
main body of this Fee Report, and is referenced as appropriate. 
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Appendix A – Regulatory Assessment and Cost and Revenue Analysis 

Larry Walker Associates – January 2018 

1. INTRODUCTION

In the early 1990s, in response to the federal Clean Water Act (CWA) amendment of 1987 to 

address urban stormwater runoff pollution from Municipal Separate Storm Sewer Systems 

(MS4s) and the pending federal National Pollutant Discharge Elimination System (NPDES) 

regulations that would implement the amendment, the San Francisco Bay Regional Water 

Quality Control Board (Regional Water Board) issued municipal stormwater Phase I NPDES 

permits to the countywide urban areas of Santa Clara, Alameda, San Mateo and Contra Costa. 

These countywide areas had individual permits until 2009, when the Regional Water Board 

issued a Municipal Regional Stormwater Permit (MRP).1 The MRP was subsequently reissued in 

2015.2 

The current MRP regulates stormwater discharges from municipalities in Alameda, Contra 

Costa, San Mateo, and Santa Clara counties, as well as the cities of Fairfield, Suisun City, and 

Vallejo in Solano County. The MRP includes requirements for the following components, 

including an increased focus on requirements for control of specific pollutants to address some of 

the more persistent water quality issues:  

• C.1 Discharge Prohibitions and Receiving Water Limitations

• C.2 Municipal Operations

• C.3 New Development and Redevelopment

• C.4 Industrial and Commercial Site Controls

• C.5 Illicit Discharge and Elimination

• C.6 Construction Site Controls

• C.7 Public Information and Outreach

• C.8 Water Quality Monitoring

• C.9 Pesticides Toxicity Controls

• C.10 Trash Reduction

• C.11 Mercury Controls

• C.12 PCBs Controls

• C.13 Copper Controls

• C.14 Bacterial Controls

• C.15 Exempted and Conditionally Exempted Discharges

• C.16 Discharges to Areas of Special Biological Significance

• C.17 Annual Reports

The City of Berkeley (City) implements the various components of the stormwater program and 

works to prevent stormwater pollution, manage, protect, and enhance its ten watersheds, preserve 

beneficial uses of local waterways, and implement State and federal water quality regulations. 

Over the years, the range of actions taken by the City has greatly increased in response to 

evolving regulatory requirements and community needs.  

As a part of the stormwater program initiative, the City leverages its resources by participating in 

a comprehensive countywide effort, the Alameda Countywide Clean Water Program (ACCWP), 

1 Order R2-2009-0074 as amended by Order No. R2-2011-0083 
2 Order No. R2-2015-0049 
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which was initiated in 1991 and is administered and managed by Alameda County Flood Control 

and Water Conservation District on behalf of its member agencies. The countywide collaboration 

is further supplemented by participation in the regional Bay Area Stormwater Management 

Agencies Association (BASMAA). In addition to directly benefitting Alameda County 

municipalities with access to better science, the countywide and regional collaborations enhance 

technical approaches and ensure consistent messaging to the public and community decision 

makers. Implemented when the first stormwater permits were issued to Alameda County, the 

collaboration has effectively assisted member agencies in maintaining stormwater programs that 

achieve federally and State-mandated water quality regulations.  

The purpose of this Technical Memorandum is to develop a planning level cost estimate for the 

stormwater program, which may be used to support a funding measure for the City’s stormwater 

program and infrastructure needs. The assessment includes a summary of known revenues and 

estimates of prior year, current year, and future costs of the stormwater program.3 This 

information may also be used in the future to budget program funding and/or to identify potential 

funding sources.  

This memorandum summarizes the results of the work effort and is organized as follows: 

1. Introduction

2. Approach

3. Results and Discussion

3.1. Overall Summary

3.2. City Expenditures

3.3. Water Quality (NPDES) Program

2. APPROACH

To understand the funding needs for the stormwater program, the true costs for full 

implementation of the MRP requirements must be understood. However, determining the true 

costs for the implementation of the stormwater program can be a complex and time-consuming 

process. To identify the implementation costs for the City as comprehensively and efficiently as 

possible, an interview was conducted with key City staff. This meeting was about two hours in 

length and included structured questions and a discussion regarding the agency’s staffing, 

implementation approach for the range of MRP requirements, prior and current stormwater 

program revenues, and the estimated costs for program implementation. During this meeting, 

three spreadsheets containing a summary of estimated costs were reviewed. Following the 

meeting, the costs were compiled and assigned to three main categories: 

• Capital: This includes Capital Improvement Projects (CIPs) such as green infrastructure

(GI) projects and storm drain projects, and Clean Storm Master Plans.

• Operations and Maintenance (O&M): This includes ongoing and routine expense types

that fund the O&M of the stormwater infrastructure and trash capture devices, sink hole

repair, Engineering and Corporation Yard administration.

3 Prior year is fiscal year 2016-2017; current is fiscal year 2017-2018; future is fiscal years 2018-2019 through 

2021-2022. 
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• Water Quality (NPDES): This includes expense types that are directly related to water 

quality improvement, such as implementation of the MRP requirements, participation in 

the countywide program, and Clean Storm Water Program expenses.  

3.  RESULTS AND DISCUSSION 

A summary and discussion of total City costs, including the estimated prior costs (i.e., those for 

implementation of the MRP in 2016-2017), current costs (i.e., those for implementation of the 

MRP in 2017-2018) and estimated future costs (i.e., those for implementation of the MRP in 

2018-2019 through 2021-2022), is provided within this section.  

The cost information is presented in two ways: a summary of City expenditures by cost category 

(Capital, O&M, and Water Quality (NPDES)) (3.1. Overall Summary) and a detailed 

breakdown of expenditures (3.2. City Expenditures) as they relate to the three cost categories. 

The approach and assumptions used to develop each of these summaries are described below. All 

costs are in present-value dollars. 

In addition, a summary of the various MRP requirements is provided, along with examples of 

how the City addresses them to work towards its water quality goals (3.3. NPDES Program-

Specific Needs). 

3.1. Overall Summary 

Costs for the full implementation of the stormwater program were estimated based on budgetary 

and supplemental information provided by the City. In broadly assessing the City’s stormwater 

program costs, three main categories were used: Capital Costs, O&M Costs, and Water Quality 

(NPDES) Costs. These categories reflect how the City generally allocates funds to implement its 

day-to-day stormwater-related operations.  

The approach and assumptions used were as follows: 

• The category-specific totals in the Overall Summary were taken directly from the detailed 

City Expenditures for 2016-2017 through 2021-2022 (see Section 3.2). 

• Future projections were based on the average of available costs from 2014-2015 to 2017-

2018 and a percentile multiplier (4% for personnel costs and 2% for non-personnel 

costs).4 

• No incremental projections were made for capital costs, or for expenses described as 

“one-time cost.” 

The estimated revenue for 2016-2017 through 2021-2022 (from the “5-Year Forecast, Clean 

Stormwater (Fund 831)” spreadsheet) is shown in Table 1.  

  

                                                 

4 One exception to this approach was that the future projection for “revenue collection” was calculated by adding 

$1,500 per year, since the historic costs for this expense rose incrementally rather than by percent. 
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Table 1. Overall Summary of Revenue (dollars in millions) 

Revenue Category 

Prior Current Future Projected 

2016-2017 2017-2018[a] 2018-2019 2019-2020 2020-2021 2021-2022 

Stormwater Fees $2.06 $2.08 $2.08 $2.08 $2.08 $2.08 

University in Lieu 
(LRDP) 

$0.27 $0.28 $0.29 $0.29 $0.30 $0.31 

GF Transfer In $0.13 - - - - - 

Interest $0.003 - -  - - - 

State 
Transportation Tax 

- $0.30 $0.30 $0.30 $0.30 $0.30 

Measure M 
General Obligation 
Bond 

- $3.26 $1.17 - - - 

Total Revenue $2.47 $5.91 $3.83 $2.67 $2.68 $2.69 

[a] Outside funding was received for capital improvement projects in 2017-2018.

The total estimated expenditures for 2016-2017, 2017-2018, and the next four years, organized 

by cost category, are shown in Table 2 and Figure 1. 
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Table 2. Overall Summary of Total Estimated Costs for MRP, by Cost Category and Fiscal Year (dollars in millions) 

Prior Current Future - Projected Percent 
of Total Cost Category 2016-2017 2017-2018 2018-2019 2019-2020 2020-2021 2021-2022 Total 

Capital Costs $0.16 $3.95[a] $2.82[a] $1.70 $1.86 $2.02 $12.51 41.0% 

Operations & 
Maintenance 

$1.53 $1.23 $2.03 $1.89 $1.94 $2.00 $10.62 34.8% 

Water Quality 
(NPDES) 

$0.93 $1.05 $1.27 $1.32 $1.37 $1.42 $7.36 24.1% 

Total Expenses $2.61 $6.23 $6.12 $4.91 $5.18 $5.44 $30.49 100% 

[a] Outside funding was used for capital improvement projects in 2017-2018 and 2018-2019.

Figure 1. Overall Summary of Total Estimated Costs and Revenue for MRP, by Cost Category and Fiscal Year 
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3.1.1. Overall Summary: Discussion 

Below are a few key observations regarding the overall, estimated expenditures, organized by 

cost category:  

• During the observed time period, the estimated cost of stormwater program 

implementation will exceed the estimated, dedicated revenue (Figure 1).  

• The Capital Costs account for the largest portion (41%, as a six-year average) of the 

City’s stormwater-related costs (Figure 2 and Figure 3), although Capital Costs and 

O&M Costs are predicted to be nearly equal between 2019-2020 and 2021-2022.  

• Overall, the stormwater program is spending similar percentages on each cost category 

annually, with the exception of FY 2017-2018 and FY 2018-2019, due to one-time 

funding for Green Infrastructure projects (see “Capital Costs,” Table 2).  

• Based on the assumptions made and information available, the O&M and Water Quality 

(NPDES) cost categories do not change significantly between 2016-2017 and 2021-2022. 

The overall cost increase after FY 2018-2019 is steady (Figure 1). 

 
Figure 2. Total Estimated Six-Year Expenditures FY 2016-2017 to FY 2021-2022 
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Figure 3. Six-Year Summary of Estimated Expenditures by Cost Category 
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Costs for the implementation of the stormwater program for the MRP were estimated based on 

budgetary and supplemental information provided by the City. When determining which costs to 
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• The City’s contribution to ACCWP was determined as follows:  

o The City's percentage from its FY 2016-2017 ACCWP invoice (5.13%) was used to 

estimate the City's portion of each item specified in the FY 2016-2017 ACCWP 

budget.  

o The City's payment from its FY 2016-2017 ACCWP invoice was used to calculate the 

actual City costs within the ACCWP budget, for each item. 

• Additional costs were provided via email conversations, including salary information and 

costs for inspections. 

• Future costs were projected as follows: 

o The average costs for each expense type were calculated from the “Clean Stormwater 

Expenses” spreadsheet for FY 2015 through FY 2018. 

o The average costs were increased by 4% annually for personnel costs, and 2% 

annually for non-personnel costs (including the contribution to ACCWP). These 

multipliers were based on the increase of the City's projected costs for Personnel and 

Non-Personnel for FYs 2019-2022, within the “5-Year Forecast, Clean Stormwater 

(Fund 831).” 

o The future projection for “revenue collection” (provided in the “Clean Stormwater 

Expenses” spreadsheet) was calculated by adding $1500 per year, as the historic costs 

for this expense rose incrementally rather than by percent. 

o Annual staff training costs were estimated by assuming four hours of one or two 

employees' time plus $300 per training, unless otherwise specified during the 

interview (e.g., the costs for copper controls training was estimated as 50 labor hours 

annually). 

o Line items considered to be Proposed Projects (described in Section 3.2.1) were 

included in the Capital Costs category (Table 3). 

o Line items considered to be Proposed Expenses were included in the O&M Costs 

(Table 4) and Water Quality (NPDES) Costs (Table 5) categories.  

The total, estimated expenditures for 2016-2017, 2017-2018, and the next four years (future), 

organized by expense type, are shown in Tables 3, 4, and 5.5 

The Capital Costs are shown in Table 3, divided into two main groups: Funded Projects and 

Proposed Projects. The Proposed Projects include “Watershed/Drainage and Green Infrastructure 

Project TBD,” which is described in detail in Section 3.2.1.   

  

 

 
 

                                                 

5 The total costs for each cost category are also summarized in Table 2. 
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Table 3. City Estimated Capital Costs Expenditures for MRP, by Expense Type and Fiscal Year 

Prior Current Future - Projected 
Expense Type 2016-2017 2017-2018 2018-2019 2019-2020 2020-2021 2021-2022 Total 

Capital Costs 

Funded Projects 

Administration & Engineering $161,464 $160,025 $166,454 $173,314 $180,429 $187,808 

One-Time Funding 

2017 GI Project: Rose & Hopkins, 

University & Shattuck, Woolsey 
-  $1,959,543 - - - - 

2018 GI Project: Parker St. Cistern 

& Drainage Improvements 
-  $1,300,000 - - - - 

2019 GI Project: King School Park, 

N. Branch Library, Civic Center Park,
Dwight/Sacto Bus Stop, Willard Park,
San Pablo Park

- -  $1,169,052 - - - 

Recurring Funding 

Storm Drain Project: Kains Trash 
Rack 

-  $164,000  $12,000  $12,000  $12,000 - 

Storm Drain Project: Storm Drain 
Rehab 

-  $10,000  $91,584  $119,984  $488,000  $500,000 

Storm Drain Project: Wildcat 
Canyon Rd Drainage 
Improvements 

- - - $368,016 - - 

Storm Planning: Stormwater 
Master Plan 

-  $326,000  $396,416 - - - 

Clean Storm Planning -  $30,000  $30,000  $30,000  $30,000  $30,000 

Funded Projects Subtotal $161,464 $3,949,568 $1,865,506 $703,314 $710,429 $717,808 

Proposed Projects 

Complete Watershed 
Management Plan 

- - $400,000 - - - 

Watershed/Drainage and Green 
Infrastructure Project TBD 

- - $550,000 $1,000,000 $1,150,000 $1,300,000 

Proposed Projects Subtotal - - $950,000 $1,000,000 $1,150,000 $1,300,000 

Total Capital Costs $161,464 $3,949,568 $2,815,506 $1,703,314 $1,860,429 $2,017,808  $12,508,089 
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The O&M Costs are shown in Table 4, divided into two main groups: Funded Expenses and Proposed Expenses. 

Table 4. City Estimated Operations & Maintenance Expenditures for MRP, by Expense Type and Fiscal Year 

Prior Current Future - Projected 

Expense Type 2016-2017 2017-2018 2018-2019 2019-2020 2020-2021 2021-2022 Total 

Operation & Maintenance 

Funded Expenses 

Administration & Engineering $161,464 $160,025 $166,454 $173,314 $180,429 $187,808 

Corp Yard Administration  $29,777  $ 11,178  $46,631  $48,496  $50,436  $52,453 

Customer Service  $27,929  $30,284  $31,495  $32,755  $34,065  $35,428 

Facilities Management Corp 
Yard Shared Costs 

$3,079  $3,347  $3,579  $3,722  $3,871  $4,025 

BMP Inspections  $1,000  $1,040  $1,082  $1,125  $1,170  $1,217 

Facilities Management Streets 
and Sanitation 

 $17,933  $13,635  $16,879  $17,554  $18,256  $18,987 

Storm Drain and Trash Capture 
Maintenance 

$1,284,939  $1,010,660  $1,161,584  $1,184,816  $1,208,512  $1,232,682 

Funded Expenses Subtotal $1,526,121 $1,230,169 $1,427,703 $1,461,782 $1,496,738 $1,532,600 

Proposed Expenses 

CCTV Scope - - $4,400 $4,488 $4,578 $4,669 

Cleaning 450 Trash Capture 
Devices 

- -  $94,530  $98,343  $102,277  $106,368 

Infrastructure Inventory - - $200,000 - - - 

Sink Hole - - $300,000 $312,000 $324,480 $337,459 

Green Infrastructure O&M - - $7,000 $13,600 $16,900 $16,900 

Proposed Expenses Subtotal - - $605,960 $428,431 $448,234 $465,396 

Total Operation & Maintenance $1,526,121  $1,230,169  $2,033,664  $1,890,212  $1,944,973  $1,997,996  $10,623,135 
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The Water Quality (NPDES) Costs are shown in Table 5, divided into two main groups: Funded Expenses and Proposed Expenses. 

Table 5. City Estimated Water Quality (NPDES) Expenditures for MRP, by Expense Type and Fiscal Year 

Prior Current Future - Projected 

Expense Type 2016-2017 2017-2018 2018-2019 2019-2020 2020-2021 2021-2022 Total 

Water Quality (NPDES) 

Funded Expenses 

Administration & Engineering $161,464 $160,025 $166,454 $173,314 $180,429 $187,808 

NPDES Permit and Alameda 
County Clean Water Program 

$143,722 $149,531 $152,522 $155,572 $158,683 $161,857 

Clean Storm Water  $474,099  $569,607  $487,102  $506,586  $526,850  $547,924 

Toxics Management  $118,040  $141,928 $126,856.50  $131,931  $137,208  $142,696 

Annual Report  $29,800  $30,992  $32,232  $33,521  $34,862  $36,256 

Funded Expenses Subtotal $927,125 $1,052,083 $965,166 $1,000,924 $1,038,032 $1,076,541 

Proposed Expenses 

NPDES Environmental 
compliance 

- - $200,000  $208,000 $216,320 $224,973 

Stormwater Design 
requirements 

- - $100,000 $104,000 $108,160 $112,486 

Staff Training - -  $ 6,976  $ 7,255  $ 7,546  $ 7,847 

Proposed Expenses Subtotal - - $306,976 $319,255 $332,025 $345,306 

Total Water Quality 
(NPDES) Expenses 

$927,125 $1,052,083  $1,272,142  $1,320,179  $1,370,057  $1,421,847 $7,363,434 

Total Program Expenses6  $2,614,710  $6,231,821  $6,121,312  $4,913,706  $5,175,458  $5,437,651  $30,494,658 

6 The total program expenses and total costs for each cost category are also summarized in Table 2. 
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3.2.1. Proposed Capital Improvement Projects 

The list of proposed projects comes from the 2011 Watershed Management Plan. A watershed is 

an area of land that drains rainfall to a common outlet such as a reservoir, a bay, or along a 

stream channel. The nine watersheds in Berkeley push stormwater toward creeks, which carries 

the water out to the San Francisco Bay. The capital projects in the watershed involve developing 

a system of bioswales and cisterns that will clean water before it enters the creeks. Bioswales are 

landscaping elements designed to catch stormwater and remove some of the pollutants. Cisterns 

are underground containers used for catching stormwater. The bioswales in the City projects 

would be developed to catch stormwater first and reduce dirt, oil, and other pollutants. The water 

would then flow into cisterns, where the water would be slowly released into the storm drain 

system or slowly reduced into the ground to replenish the ground water.  

The impacts of releasing this water slowly helps minimize huge flows of water that cause 

flooding in certain areas. It also prevents large amounts of water from entering the creeks and 

flushing fish and other biological life out of the creeks and into the Bay, where they would die 

because the Bay is not their natural habitat. As of 2012, the estimated cost of creating a system of 

bioswales and cisterns in the City’s watersheds was $208M. These proposed projects and 

estimated costs are listed below. 

• Potter: $65M

• Schoolhouse: $19.5M

• Gilman: $10M

• Wildcat: $10M

• Strawberry: $45M

• Codornices: $18M

• Cerrito: $15M

• Marin: $15M

• Temescal: $10M

If the fee increase is approved, City staff will determine the priorities of the projects and 

schedule them into the Capital Improvement Plan. 
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3.3. Water Quality (NPDES) Program 

The City works to protect water quality within its watersheds and beyond. As part of this effort, 

the City implements the various components of the NPDES stormwater program to meet the 

requirements of the MRP, the permit that regulates stormwater discharges from the City. The 

permit requirements include several provisions, which are described below, along with specific 

examples of how the City works to meet these requirements: 

• C.2 – Municipal Operations. The purpose of this provision is to ensure implementation of

appropriate best management practices (BMPs) by the City to control and reduce non-

stormwater and stormwater discharges to storm drains and watercourses during operation,

inspection, and routine repair and maintenance activities of municipal facilities and

infrastructure. This includes activities such as street and road repair and maintenance,

sidewalk/plaza maintenance and pavement washing, bridge and structure maintenance

and graffiti removal, stormwater pump station maintenance, and Corporation Yard

maintenance.

• C.3 – New Development and Redevelopment. The goal of this provision is for the City to

use their planning authorities to include appropriate source control, site design, and

stormwater treatment measures in new development and redevelopment projects to

prevent increases in runoff, as well as to address potential discharges. This includes

incorporation of hydromodification management, green infrastructure (GI), and low

impact development concepts. As part of these efforts, the City is developing a GI Plan

that will provide guidance on how to incorporate clean water controls into new

development projects.

• C.4 – Industrial and Commercial Site Controls. This provision requires the

implementation of an industrial and commercial site control program, including

inspections, follow-up, enforcement, training, and reporting, which is intended to prevent

potential and actual discharges from these sites. On an annual basis, the City conducts

320 inspections of commercial businesses, with a particular focus on restaurants and food

service companies. These businesses must implement specific practices to prevent oil and

chemicals from entering storm drains.

• C.5 – Illicit Discharge Detection and Elimination. The purpose of this provision is to

implement the illicit discharge prohibition and to ensure that illicit discharges are

detected and controlled. The program includes inspections, follow-up, enforcement,

training and reporting to address discharges such as sewage, surface wash water, runoff

from stored materials (including hazardous materials), pool or fountain water containing

chlorine, yard waste or pet waste, or food-related wastes. As part of these efforts to

address illicit discharges, the City actively responds to complaints from the public

regarding illegal discharges into the storm drainage system.
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• C.6 – Construction Site Control. This provision requires the implementation of a

construction site control program, including inspections, follow-up, enforcement,

training, and reporting, which is intended to prevent potential and actual discharges from

these sites. Erosion control and other pollution controls may be required by construction

site operators, and the effectiveness of these controls is demonstrated during inspections.

Each year, the City conducts inspections of 200 construction projects to ensure these

controls are in place and are properly implemented.

• C.7 – Public Information and Outreach. The goal of this provision is to increase the

awareness of a broad spectrum of the community regarding the impacts of stormwater

pollution on receiving waters and potential solutions and prevention techniques. The

program requires the marking of storm drain inlets, participation in or contribution to

outreach campaigns, education, citizen involvement events, and watershed collaborative

efforts. The City promotes participation in California Coastal Cleanup Day at two sites

where volunteers pick up trash: Aquatic Park and a joint effort with UC Berkeley at

Codornices Creek.

• C.8 – Water Quality Monitoring. This is a regional effort to determine the quality of the

receiving waters through a region-wide water quality monitoring program. The

monitoring program includes receiving water monitoring, creek monitoring, stressor

identification projects, pollutants of concern monitoring, and pesticides and toxicity

monitoring, The City contributes to the countywide monitoring effort, and ACCWP

coordinates the water quality sampling and analyses for pollutants that are present.

• C.9 – Pesticides Toxicity Control. This provision requires the City to implement a

pesticide toxicity control program that addresses the uses of pesticides that pose a threat

to water quality and have the potential to reach the storm drain. The City has adopted an

Integrated Pest Management (IPM) policy that includes required standard operating

procedures and training for municipal employees and pest control contractors. Pest

control workers are required to use less toxic methods in order to minimize the amount of

chemicals that enter storm drain system.

• C.10 – Trash Load Reduction. This provision requires the City to implement control

measures and other actions to reduce the amount of trash entering the storm drain. A

specific schedule of reduction requirements is included, with a goal to meet 100% of the

trash load reduction by July 1, 2022. To meet the requirements of this provision, the City

has installed more than 400 trash capture devices to retain trash that has entered storm

drain inlets. These trash capture devices are regularly cleaned out to prevent trash from

entering the Bay.

• C.11 – Mercury Controls. This provision requires the City to implement a control

program for mercury in stormwater, including source control, treatment control, and

pollution prevention strategies, and to report on these control measures. The City is

complying with this requirement through the countywide program and including control

measures for mercury in its GI Plan, with the goal of removing mercury contamination

from stormwater before it enters local creeks and the Bay.
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• C.12 – PCBs Controls. This provision requires the City to implement a control program

for polychlorinated biphenyls (PCBs) in stormwater, including source control, treatment

control and pollution prevention strategies, and to report on these control measures. The

City is complying with this requirement through the countywide program and including

control measures for PCBs in its GI Plan, with the goal of removing PCBs contamination

from stormwater before it enters local creeks and the Bay.

• C.13 – Copper Controls. This provision requires the City to implement a control program

for copper in stormwater, the primary source of which is copper roofs. The City is

complying with this requirement through the countywide program and including control

measures in its GI Plan. As part of its copper control efforts, the City annually inspects

businesses that have potential for releasing copper into the storm drain system, and it has

included best management practices in building permits for new development projects to

prevent copper contamination.

• C.17 – Annual Reports. This provision requires the City to submit annual reports to the

Regional Water Board documenting the actions taken to comply with the above

provisions during the previous fiscal year.
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APPENDIX B – RESULTS OF PERCENTAGE OF IMPERVIOUS AREA SAMPLING 

For each land use category, a sample of parcels were analyzed using aerial photography 
and other data to determine the average percentage of impervious area (“%IA”). Table 7 
below shows the results of that analysis. 

TABLE 7 – RESULTS OF PERCENTAGE OF IMPERVIOUS AREA SAMPLING 

No. of 

Parcels

No. of 

Parcels 

Analyzed

Total 

Acres 

Sampled

Total Acres 

Impervious 

Area

Average

% I A

Residential

Small Under 3,200 sf 2,333 94 5.69 3.74 65.73%

Medium 3,200 to 7,200 sf 15,819 401 44.11 19.77 44.82%

Extra Large over 7,200 sf 2,590 100 23.28 6.94 29.81%

Multiple Home Lots 664 29 3.77 2.06 54.64%

Condominium 2,260

Non-Residential

Apartments 1,417 50 8.30 7.16 86.27%

Comm / Industrial / Parking 1,740 79 20.74 19.85 95.71%

Office 236 23 8.69 7.56 89.87%

Institutional / Church 274 32 10.86 8.95 82.41%

School / Hospital 34 28 78.64 59.02 75.05%

Recreational 22 21 51.02 29.76 58.33%

Park 73 15 23.84 1.50 6.29%

Vacant (developed) 620

TOTAL 28,082 872 278.94 166.31

Land Use Category

not sampled

not sampled
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APPENDIX C – STORM DRAINAGE RATES FROM OTHER MUNICIPALITIES 

There have been relatively few voter-approved local revenue mechanisms in the past 15 
years to support storm drainage programs in California. A summary of those efforts plus 
some others in process or being studied is shown in Table 8 below, in roughly chronological 
order. Amounts are annualized and are for single family residences or the equivalent. 

TABLE 8 – RECENT STORM DRAIN MEASURES 

Municipality Status
 Annual 

Rate 
Year Mechanism

San Clemente Successful  $    60.15 2002 Balloted Property Related Fee

Carmel Unsuccessful  $    38.00 2003 Balloted Property Related Fee

Palo Alto Unsuccessful  $    57.00 2003 Balloted Property Related Fee

Los Angeles Successful  $    28.00 2004 Special Tax - G. O. Bond

Palo Alto Successful  $    120.00 2005 Balloted Property Related Fee

Rancho Palos Verde
Successful , then recalled and 

reduced
 $    200.00 2005, 2007 Balloted Property Related Fee

Encinitas Unsuccessful  $       60.00 2006

Non-Balloted Property Related 

Fee adopted in 2004, 

challenged, ballot and failed in 

2006

Ross Valley

Successful, Overturned by 

Court of Appeals, Decertified 

by Supreme Court

 $    125.00 2006 Balloted Property Related Fee

Santa Monica Successful  $    87.00 2006 Special Tax

San Clemente Successfully renewed  $    60.15 2007 Balloted Property Related Fee

Solana Beach
Non-Balloted, Threatened by 

lawsuit, Balloted, Successful
 $    21.84 2007

Non-Balloted & Balloted 

Property Related Fee

Woodland Unsuccessful  $    60.00 2007 Balloted Property Related Fee

Del Mar Successful  $    163.38 2008 Balloted Property Related Fee

Hawthorne Unsuccessful  $    30.00 2008 Balloted Property Related Fee

Santa Cruz Successful  $    28.00 2008 Special Tax

Burlingame Successful  $    150.00 2009 Balloted Property Related Fee

Santa Clarita Successful  $    21.00 2009 Balloted Property Related Fee

Stockton Unsuccessful  $    34.56 2009 Balloted Property Related Fee

County of Contra Costa Unsuccessful  $    22.00 2012 Balloted Property Related Fee

Santa Clara Valley Water 

District
Successful  $    56.00 2012 Special Tax

City of Berkeley Successful  varies 2012 Measure M - GO Bond

County of LA Deferred  $    54.00 2012 NA

Vallejo San & Flood Successful  $    23.00 2015 Balloted Property Related Fee

Culver City Successful  $    99.00 2016 Special Tax

County of El Dorado Studying  NA NA NA

County of Orange Studying  NA NA NA

County of San Mateo In Process  NA NA NA

City of Sacramento In Process  NA NA Balloted Property Related Fee

Town of Moraga In Process  NA NA Balloted Property Related Fee

City of Santa Clara In Process  NA NA Balloted Property Related Fee

Town of Los Altos In Process  NA NA Balloted Property Related Fee

County of San Joaquin In Process  NA NA Balloted Property Related Fee

County of Ventura Studying  NA NA Balloted Property Related Fee
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In addition to the agencies listed above in Table 8 that have gone to the ballot for new or 
increased storm drainage fees, there are several other municipalities throughout the State 
that have existing storm drainage fees in place. Some of these rates are summarized in 
Table 9 below. Amounts are annualized and are for single family residences or the 
equivalent. 

The City’s proposed $42.89 SFR rate is well within the range of storm drainage rates 
adopted by other municipalities. When coupled with the existing 2018 Storm Drainage Fee 
(with an average SFR rate of $47.66), the rates are still within the reasonable range for 
municipal rates. 

TABLE 9 – LOCAL STORM DRAINAGE FEES 

Municipality
 Annual 

Rate 
Type of Fee

Bakersfield 200.04$    Property Related Fee

Culver City 99.00$    Special tax

Davis 84.94$    Property Related Fee

Elk Grove 70.08$    Property Related Fee

190.20$    Property Related Fee

Hayward 28.56$    Property Related Fee

Los Angeles 27.00$    Special tax

Palo Alto 136.80$    Property Related Fee

Redding 15.84$    Property Related Fee

Sacramento (City) 135.72$    Property Related Fee

Sacramento (County) 70.08$    Property Related Fee

San Bruno 46.16$    Property Related Fee

San Clemente 60.24$    Property Related Fee

San Jose 91.68$    Property Related Fee

Santa Cruz 109.08$    Special Tax

Stockton * 221.37$    Property Related Fee

Vallejo Sanitation and Flood 

Control District
23.64$    Property Related Fee

West Sacramento 144.11$    Property Related Fee

Woodland 5.76$    Property Related Fee

* This  i s  the ca lculated average rate for the Ci ty of Stockton, which has  15

rate zones  with rates  ranging from $3.54 to $651.68 per year.
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