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Disclaimer

The California Stormwater Quality Handbooks are intended to provide a range of general
information about stormwater quality best management practices (BMPs) and related issues.
Due to the multitude of applications of BMPs, the Handbooks do not address site-specific
applications. Therefore, users of the Handbooks must seek advice of a stormwater quality
professional to determine the applicability of the information provided for any general use or
site-specific application. Users of the Handbooks assume all liability directly or indirectly
arising from use of the Handbooks.

The mention of commercial products, their source, or their use in connection with material
reported in the Handbooks is not to be construed as either an actual or implied endorsement,
recommendation, or warranty of such product.

This disclaimer is applicable whether information from the Handbooks is obtained in hard copy
form or downloaded from the Internet.
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Section 1
Introduction

Stormwater runoff is part of a natural hydrologic process. However, human activities particularly
urbanization and agriculture, can alter natural drainage patterns and add pollutants to rivers,
lakes, and streams as well as coastal bays and estuaries, and ultimately, the ocean. Numerous
studies have shown urban runoff to be a significant source of water pollution, causing declines in
fisheries, restrictions on swimming, and limiting our ability to enjoy many of the other benefits
that water resources provide. Urban runoff in this context includes all flows discharged from
urban land uses into stormwater conveyance systems and receiving waters and includes both dry
weather non-stormwater sources (e.g., runoff from landscape irrigation, etc.) and wet weather
stormwater runoff. In this handbook, urban runoff and stormwater runoff are used
interchangeably.

For many years the effort to control the discharge of stormwater focused on quantity (e.g.
drainage, flood control) and only to a limited extent on quality of the stormwater (e.g. sediment
and erosion control). However, in recent years awareness of the need to improve water quality has
increased. With this awareness federal, state and, local programs have been established to pursue
the ultimate goal of reducing pollutants contained in stormwater discharges to our waterways.

The emphasis of these programs is to promote the concept and the practice of preventing pollution
at the source, before it can cause environmental problems (USEPA, 1992). However, where
further controls are needed, treatment of polluted runoff may be required.

1.1 Handbook Purpose and Scope

The purpose of this handbook is to provide general guidance for selecting and implementing Best
Management Practices (BMPs) to reduce pollutants in runoff in newly developed areas and
redeveloped areas to waters of the state. This handbook also provides guidance on developing
project-specific stormwater management plans including selection and implementation of BMPs
for a particular development or redevelopment project.

This handbook provides the framework for an informed selection of BMPs. However, due to the
diversity in climate, receiving waters, construction site conditions, and local requirements across
California, this handbook does not dictate the use of specific BMPs and therefore cannot
guarantee compliance with NPDES permit requirements or local requirements specific to the
user’s site.

1.1.1 Users of the Handbook

This handbook provides guidance suitable for use by individuals involved in development or
redevelopment site water pollution control and planning. Each user of the handbook is
responsible for working within their capabilities obtained through training and experience, and for
seeking the advice and consultation of appropriate experts at all times.

The target audience for this handbook includes: Developers, including their planners and
engineers; contractors and subcontractors, including their engineers, superintendents, foremen,
and construction staff; municipal agencies involved in site development and redevelopment

January 2003 California Stormwater BMP Handbook 1-1
Errata 9-04 New Development and Redevelopment
www.cabmphandbooks.com



Section 1
Introduction

including their engineers, planners, and construction staff; regulatory agencies including permit
and planning staff; and the general public with an interest in stormwater pollution control.

1.1.2 Organization of the Handbook

The handbook is organized to assist the user in selecting and implementing BMPs to reduce
impacts of stormwater and non-stormwater discharges on receiving waters. The handbook
consists of the following sections:

Section 1
Introduction
This section provides a
general review of the
sources and impacts of
urban stormwater
discharges and provides
an overview of the
Federal and state
programs regulating
stormwater discharges.

Section 4
Source Control BMPs
BMP fact sheets
presented in this section
address structural source
control BMPs to be
considered for
development and
redevelopment.

Section 7
Glossary and List of
Acronyms
This section identifies
terms and abbreviations
used in the handbooks.

Appendix A
Channel Impacts from
Watershed Changes
This appendix describes
a stream balance
equation affected by
changes in runoff or
sediment loads.

Section 2
Stormwater Pollution
Prevention Planning for
New Development and
Redevelopment
This section describes
typical permit
requirements, planning
principles, and site
assessment. It also
covers identifying BMPs,
integrating BMPs into the
project, maintaining
BMPs, and preparing
stormwater pollution
control plans.

Section 3
Site and Facility Design
for Water Quality
Protection
This section describes
planning approaches to
reduce, eliminate,
control and treat runoff
from development and
redevelopment, and
integration of BMPS into
common site, drainage,
and building features.

Section 5
Treatment Control BMPs
BMP fact sheets
presented in this section
address treatment control
BMPs that may be used
for development/
redevelopment sites.

approaches to maintain
effectiveness, and
evaluate additional BMP
requirements.

Appendix B
General Applicability of
Effluent Probability
Method
This appendix discusses
concerns about the
general applicability of
this probability
technique.

Appendix C
Effluent Concentrations
of Additional Metals and
Nutrients
This appendix compares
effluent concentrations of
constituents not
described in Section 5.

Appendix D
Rain Intensity and BMP
Sizing Curves

This appendix includes
rain intensity cumulative

frequency curves and
volume-based BMP sizing

curves.

Section 6
Long Term BMP
Maintenance
This section outlines
BMPs, monitor BMP

1-2
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A 4

Project
Concept

Redevelopment

Project

Planning &
Design

New
Development and
Redevelopment
Best Management
Practice
Handbook
Selection and
Design Guidance

A 4

Construction
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Introduction

Construction
Best Management
Practice
Handbook
Guidance for
Pollution Prevention
and Reduction
during Construction

A 4

Project Operations and
Maintenance

Municipal

Best Management

Practice
Handbook
Guidance for
Pollution Prevention
and Reduction from
Municipal Facilities

Industrial and
Commercial
Best Management
Practice
Handbook
Pollution Prevention
and Reduction
Guidance for

Industrial Facilities
and Selected
Businesses

for Site Control, and Activities
Source, and
Treatment Control

BMPs

1.1.3 Relationship to Other Handbooks

This handbook is one of four handbooks developed by the California Stormwater Quality
Association (CASQA) to address BMP selection. Collectively, the four handbooks address BMP
selection throughout the life of a project — from planning and design — through construction — and
into operation and maintenance. Individually, each handbook is geared to a specific target
audience during each stage of a project.

This handbook, the New Development and Redevelopment Handbook, addresses selection and
implementation of BMPs to eliminate or to reduce the discharge of pollutants associated with
development and redevelopment activities.

For a comprehensive understanding of stormwater pollution control throughout the life cycle of
the project, it is recommended that the reader obtain and become familiar with all four
handbooks. Typically, municipal stormwater program managers, regulators, environmental
organizations, and stormwater quality professionals will have an interest in all four handbooks.
For a focused understanding of stormwater pollution control during a single phase of the project
life cycle, a reader may obtain and become familiar with the handbook associated with the
appropriate phase. Typically, contractors, construction inspectors, industrial site operators,
commercial site operators, some regulators and some municipal staff may have an interest in a
single handbook.
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1.2 Stormwater Pollutants and Impacts on Water
Quality

Stormwater runoff naturally contains numerous constituents, however, urbanization and urban
activities including development and redevelopment typically increase constituent concentrations
to levels that impact water quality. Pollutants associated with stormwater include sediment,
nutrients, bacteria and viruses, oil and grease, metals, organics, pesticides, and trash (floatables).
In addition, nutrient-rich stormwater runoff is an attractive medium for vector production when it
accumulates and stands for more than 72 hours. Stormwater pollutants are described in Table 1-1.

Development and redevelopment activities can result in two types of water quality impacts:
erosion and sedimentation and discharge of other pollutants during construction; and long term
impacts from runoff from the completed development and associated land uses. Control of water
guality impacts during construction is covered in the Construction edition of the Stormwater Best
Management Practice Handbook. This handbook addresses potential water quality impacts from
completed development that can include the following:

m  Urban activities can result in the generation of new dry-weather runoff that may contain many
of the pollutants listed above

m Impervious surfaces associated with development, such as streets, rooftops, and parking lots,
prevent runoff infiltration and increase the rate and volume of stormwater runoff that may
increase downstream erosion potential and associated potential water quality impairment

m Urban activities and increased impervious surfaces which can increase the concentration
and/or total load of many of the pollutants listed above in wet weather stormwater runoff

1-4 California Stormwater BMP Handbook January 2003
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Table 1-1

Pollutant Impacts on Water Quality

Sediment

Sediment is a common component of stormwater, and can be a pollutant. Sediment can be
detrimental to aquatic life (primary producers, benthic invertebrates, and fish) by interfering
with photosynthesis, respiration, growth, reproduction, and oxygen exchange in water bodies.
Sediment can transport other pollutants that are attached to it including nutrients, trace
metals, and hydrocarbons. Sediment is the primary component of total suspended solids
(TSS), acommon water quality analytical parameter.

Nutrients

Nutrients including nitrogen and phosphorous are the major plant nutrients used for
fertilizing landscapes, and are often found in stormwater. These nutrients can result in
excessive or accelerated growth of vegetation, such as algae, resulting in impaired use of water
in lakes and other sources of water supply. For example, nutrients have led to a loss of water
clarity in Lake Tahoe. In addition, un-ionized ammonia (one of the nitrogen forms) can be
toxic to fish.

Bacteria and
viruses

Bacteria and viruses are common contaminants of stormwater. For separate storm drain
systems, sources of these contaminants include animal excrement and sanitary sewer
overflow. High levels of indicator bacteria in stormwater have led to the closure of beaches,
lakes, and rivers to contact recreation such as swimming.

Oil and
Grease

Oil and grease includes a wide array of hydrocarbon compounds, some of which are toxic to
aquatic organisms at low concentrations. Sources of oil and grease include leakage, spills,
cleaning and sloughing associated with vehicle and equipment engines and suspensions,
leaking and breaks in hydraulic systems, restaurants, and waste oil disposal.

Metals

Metals including lead, zinc, cadmium, copper, chromium, and nickel are commonly found in
stormwater. Many of the artificial surfaces of the urban environment (e.g., galvanized metal,
paint, automobiles, or preserved wood) contain metals, which enter stormwater as the surfaces
corrode, flake, dissolve, decay, or leach. Over half the trace metal load carried in stormwater is
associated with sediments. Metals are of concern because they are toxic to aquatic organisms,
can bioaccumulate (accumulate to toxic levels in aquatic animals such as fish), and have the
potential to contaminate drinking water supplies.

Organics

Organics may be found in stormwater in low concentrations. Often synthetic organic
compounds (adhesives, cleaners, sealants, solvents, etc.) are widely applied and may be
improperly stored and disposed. In addition, deliberate dumping of these chemicals into
storm drains and inlets causes environmental harm to waterways.

Pesticides

Pesticides (including herbicides, fungicides, rodenticides, and insecticides) have been
repeatedly detected in stormwater at toxic levels, even when pesticides have been applied in
accordance with label instructions. As pesticide use has increased, so too have concerns about
adverse effects of pesticides on the environment and human health. Accumulation of these
compounds in simple aquatic organisms, such as plankton, provides an avenue for
biomagnification through the food web, potentially resulting in elevated levels of toxins in
organisms that feed on them, such as fish and birds.

Gross
Pollutants

Gross Pollutants (trash, debris, and floatables) may include heavy metals, pesticides, and
bacteria in stormwater. Typically resulting from an urban environment, industrial sites and
construction sites, trash and floatables may create an aesthetic “eye sore” in waterways. Gross
pollutants also include plant debris (such as leaves and lawn-clippings from landscape
maintenance), animal excrement, street litter, and other organic matter. Such substances may
harbor bacteria, viruses, vectors, and depress the dissolved oxygen levels in streams, lakes, and
estuaries sometimes causing fish Kills.

Vector
Production

Vector production (e.g., mosquitoes, flies, and rodents) is frequently associated with sheltered
habitats and standing water. Unless designed and maintained properly, standing water may
occur in treatment control BMPs for 72 hours or more, thus providing a source for vector
habitat and reproduction (Metzger, 2002).
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1.3 Regulatory Requirements

The Federal Clean Water Act, as amended in 1987, is the principal legislation for establishing
requirements for the control of stormwater pollutants from urbanization and related activities.
However, other federal, state, and local requirements deal directly or indirectly with controlling
stormwater discharges. Requirements for stormwater under some of these programs, such as
Basin Planning, Total Maximum Daily Loads (TMDLSs), the California Environmental Quality Act
(CEQA), 401 Water Quality Certifications and Endangered Species Act (ESA) are evolving, and the
user is advised to contact local regulatory and/ or municipal officials for further information.

NPDES Other K ]
Stormvv_ater State/Local - C_allfornlat |
Permits Requirements nVIro_nmen a
Quality Act
Municipal Permits
- Phase |
- Phase 11

Industrial Permits
Construction Permits

) TMDLs
Endangered Section 401
Species Act Water Quality
Requirements Certifications

1.3.1 Federal Programs

In 1972, provisions of the Federal Water Pollution Control Act, also referred to as the Clean Water
Act (CWA), were amended so that discharge of pollutants to waters of the United States from any
point source is effectively prohibited, unless the discharge is in compliance with a National
Pollutant Discharge Elimination (NPDES) permit. The 1987 amendments to the CWA added
Section 402(p), which established a framework for regulating municipal, industrial, and
construction stormwater discharges under the NPDES program. On November 16, 1990, USEPA
published final regulations that established application requirements for stormwater permits for
municipal separate storm sewer systems (MS4s) serving a population of over 100,000 (Phase I
communities) and certain industrial facilities, including construction sites greater than 5 acres.
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On December 8, 1999, USEPA published the final regulations for communities under 100,000
(Phase 1l MS4s) and operators of construction sites between 1 and 5 acres.

1.3.2 State Programs

The State Porter-Cologne Act (Water Code 13000, et seq.) is the principal legislation for
controlling stormwater pollutants in California. The Act requires development of Basin Plans for
drainage basins within California. Each plan serves as a blueprint for protecting water quality
within the various watersheds. These basin plans are used in turn to identify more specific
controls for discharges (e.g., wastewater treatment plant effluent, urban runoff, and agriculture
drainage). Under Porter-Cologne, specific controls are implemented through permits called
Waste Discharge Requirements issued by the nine Regional Water Quality Control Boards. For
discharges to surface waters, the Waste Discharge Requirement also serves as NPDES permits.

1.3.3 Municipal NPDES Stormwater Programs

Phase | MS4s are required to obtain an individual NPDES stormwater permit and develop a
stormwater management plan (SWMP) that is implemented by the municipality’s stormwater
management program. One of the elements of the municipal NPDES Stormwater Program are
new development and redevelopment activities including: planning processes, design review,
BMPs, outreach, and enforcement.

Smaller, Phase Il communities are covered by a General Permit. Six Phase Il measures are
required in Phase Il permits. One addresses post-construction stormwater management in new
development and redevelopment, including developing, implementing, and enforcing a program
to address discharges of stormwater runoff from new and redevelopment areas.

Phase | permits and the Phase Il General Permit in California contain standard requirements for
planning and design BMPs including minimum requirements for treatment of runoff from new
development. These standards are called Standard Urban Stormwater Mitigation Plans (SUSMPS)
in some permits, or equivalent terminology is used in others. These are discussed further in
Section 2.

1.3.4 Other Relevant Regulatory Programs

In addition to meeting municipal stormwater program requirements under CWA section 402(p),
municipalities are increasingly subject to other regulatory drivers that relate to the protection of
surface water quality and beneficial uses of waterbodies in their communities. Several other
regulatory programs that can significantly affect new development and redevelopment planning
and design are:

m  Total Maximum Daily Loads (TMDLSs)
m  Endangered Species Act
m  CWA Section 404 Dredge and Fill Permits

m  Section 401 Water Quality Certification
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In the coming years, these regulatory drivers will likely have at least as much impact on the design
and implementation of municipal stormwater programs and BMP selection and maintenance as
current stormwater regulations.

TMDLs

TMDL'’s are a regulatory mechanism to identify and implement additional controls on both point
and non-point source discharges in water bodies that are impaired from one or more pollutants
and are not expected to be restored through normal point source controls. States identify
impairments and pollutants by putting impaired water bodies on a list as required under Section
303(d) of the CWA.

Stormwater or urban runoff is listed as a suspected source for many of the waterbody pollutant
combinations in the current 303(d) list. Stormwater programs must be designed not only to be in
compliance with the stormwater NPDES permit regulations, but they must also be designed to
implement TMDLs in which stormwater or urban runoff is named as a source.

Endangered Species Act

Like TMDLs, Endangered Species Act
issues are becoming increasingly
important to stormwater program
design and implementation. The
presence or potential presence of an
endangered species impacts stormwater
management programs and the
selection and maintenance of BMPs.
Although there are numerous
endangered species that may impact the
program, two that have particular
impacts are salmon and steelhead trout.

Critical Area for Salmon & Steelhead

Salmon & Steelhead

The National Marine Fisheries Service
(NMFS) has designated critical habitat
for salmon and steelhead trout in large
areas of the north and central coast and
central valley of California.

Developers or public agency intending to conduct activities in or discharge to an area that serves
as a critical habitat must contact resource agencies such as NMFS, the US Fish & Wildlife Service,
and the California Department of Fish & Game to learn about specific compliance requirements
and actions.

CWA Section 401 Water Quality Certification

In 1972, Section 404 of the Clean Water Act (CWA) was passed. It prohibits discharging dredged
or fill material into U.S. waters without a permit from the Army Corps of Engineers (USACE).
Subsequent court rulings and litigation further defined "Waters of the U.S." to include virtually all
surface waters, including wetlands. A 1991 Supreme Court decision eliminated federal jurisdiction
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based on Commerce factors over a poorly defined set of “isolated” waters; however, such waters
remain subject to state jurisdiction under the Porter-Cologne Act. Activities in waters of the
United States that are regulated under this program include fills for development, water resource
projects (such as dams and levees), infrastructure development (such as highways and airports),
and conversion of wetlands to uplands for farming and forestry.

The basic premise of the program is that no discharge of dredged or fill material is permitted if a
practicable alternative exists that is less damaging to the aquatic environment or if the nation'’s
waters would be significantly degraded. When applying for a permit, it must be shown that:

m  Steps have been taken to avoid wetland impacts where practicable.
m Potential impacts to wetlands have been minimized.

m  Compensation for any remaining, unavoidable impacts through activities has been provided
to restore or create wetlands.

An individual permit is usually required for potentially significant impacts. However, for most
discharges that will have only minimal adverse effects, the USACE often grants up-front general
permits. These may be issued on a nationwide, regional, or state basis for particular categories of
activities (for example, minor road crossings, utility line backfill, and bedding) as a means to
expedite the permitting process.

Anyone proposing to conduct a project that requires a federal permit (404) or involves dredge or
fill activities that may result in a discharge to U.S. surface waters and/or "Waters of the State" are
required to obtain a CWA Section 401 Water Quality Certification and/or Waste Discharge
Requirements (Dredge/Fill Projects) from the Regional Water Quality Control Board (RWQCB),
verifying that the project activities will comply with state water quality standards. The rules and
regulations apply to all "Waters of the State", including isolated wetlands and stream channels
that may be dry during much of the year, have been modified in the past, look like a depression or
drainage ditch, have no riparian corridor, or are on private land.

Section 401 of the CWA grants each state the right to ensure that the State's interests are protected
on any federally permitted activity occurring in or adjacent to “Waters of the State”. In California,
the nine RWQCBs are the agency mandated to ensure protection of the State's waters. Ifa
proposed project requires a USACE, CWA Section 404 permit and has the potential to impact
Waters of the State, the RWQCB will regulate the project and associated activities through a Water
Quality Certification determination (Section 401), as part of the 404 process.

However, if a proposed project does not require a federal permit, but does involve dredge or fill
activities that may result in a discharge to "Waters of the State", the RWQCB has the option to
regulate the project under its state authority (Porter-Cologne) in the form of Waste Discharge
Requirements or Waiver of Waste Discharge Requirements. In addition, California Department of
Fish and Game (DFG) may regulate the project through the Streambed Alteration Agreement
process. DFG issues Streambed Alteration Agreements when project activities have the potential
to impact intermittent and perennial streams, rivers, or lakes.
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Developers should be aware of these permits, and make arrangements with the appropriate
agency to obtain a permit and comply with permit regulations.

1.4 Definitions

Many of the common definitions for stormwater control are found in the Glossary (see Section 7).
Throughout the handbook the user will find references to the following terms:

MS4 is a municipality owned separate storm sewer system. Operators of MS4s are usually
permitted under Phase 11 of the NPDES program. NPDES is an acronym for National Pollutant
Discharge Elimination System. NPDES is the national program for administering and regulating
Sections 307, 318, 402 and 405 of the Clean Water Act (CWA).

A Best Management Practice (BMP) is defined as any program, technology, process, siting
criteria, operating method, measure, or device, which controls, prevents, removes, or reduces
pollution.

Source Control BMPs are operational practices that prevent pollution by reducing potential
pollutants at the source. They typically do not require maintenance or construction.

Source Control BMPs for design are planning methods and concepts that should be taken
into consideration by developers during project design.

Treatment Control BMPs are methods of treatment to remove pollutants from stormwater.

1.5 References and Resources

ASCE, 1998, Urban Runoff Quality Management, Manual and Report of Engineering Practice
87, Reston, Virginia.

ASCE, 2001, Guide for Best Management Practice (BMP) Selection in Urban Developed Areas,
Reston, Virginia.

Bay Area Stormwater Management Agencies Association, 1999, Start at the Source: Design
Guidance Manual for Stormwater Quality Protection. Consulting Engineers and Land Surveyors
of California.

Brown, W., and T.R. Schueler, 1997, National Pollutant Removal Performance Database for
Stormwater BMPs, Center for Watershed Protection, Elliott City, Maryland.

Clean Water Act Section 401- Water Quality Certification and/or Waste Discharge Requirements
(Dredge/Fill Projects) http://www.swrcb.ca.gov/rwgcbl/Program_Information/wgwetcert.html

Goldberg, Rob, 1993, The Last Little Bit: The Goal of Zero Discharge, Academy of Natural
Sciences. http://www.acnatsci.org/research/kye/discharge.html

Horner, R., Skupien, J., Livingston, E., and Shaver, H., 1994, Fundamentals of Urban Runoff
Management: Technical and Institutional Issues, Terrene Institute, Washington, DC.
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Section 2

Stormwater Quality Planning For New
Development and Redevelopment

2.1 Introduction

State and Federal programs require BMPs to be implemented by developers, property owners,
and public agencies engaged in new development or redevelopment activities. Understanding
new development and redevelopment in the context of the project life cycle is important for
proper selection and implementation of BMPs as shown in Figure 2-1. The concept, planning,
and design phases of a project may be spread over a period of months to many years. BMPs
incorporated into the concept, planning, and design phase are much more cost-effective than the

retrofit of BMPs.

h 4

Project Lifecycle

Redevelopment

Project Concept
Planning & Design

Project
Construction

Project Completion
and O&M

2.2 Permit Requirements

New development BMPs are required under
NPDES permits shown in Figure 2-2. The
intent of incorporating BMPs in new private
development and public capital projects is to
prevent any net detrimental change in runoff
guantity or quality resulting from new
development and redevelopment.

Typical permit requirements that are now
being included in all Phase I MS4 permits and
are incorporated in the Phase Il General
Permit include:

m  Specific thresholds for “Priority Projects”
that must include both source and
treatment control BMPs in the completed
projects (typical project thresholds are
shown in Figure 2-3).

Figure 2-1
Project Lifecycle

NPDES Stormwater Permit
Requirements

Phase | areas (large urban areas and major
industries)

m  Under permits since early 1990s

m Individual municipal permits all include a
program element for new development or
“post construction” BMPs

Phase Il areas (small urban areas and
additional industries)

m  Under General Permit since early 2003

m  Permitincludes new development
requirements similar to Phase I1.

Figure 2-2
NPDES Stormwater Permit Requirements
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Typical California Municipal Permit m Alist of source control (both non-structural
Thresholds for Treatment BMPs and structural) BMPs and treatment control

a  Residential > 10 units BMPs to be included or considered

m  Commercial > 1acre m Specific water quality design volume and/or
water quality design flow rate for treatment

m  Parking lots, road project > 5,000 square feet
control BMPs

m  Redevelopment > 5,000 square feet

impervious m A requirement for flow control BMPs when

a  Retail Gasoline Outlets there is potential for downstream erosion

= New and Redevelopment projects above 1 m Adopt a standard model or template for

acre or 10,000 square feet of impervious area. identifying and documenting selected BMPs
including a plan for long-term operations and
maintenance of BMPs

Figure 2-3
Typical Treatment BMP Thresholds

This standard model or template originated with the Los Angeles Municipal Stormwater permit
and is called a Standard Urban Stormwater Mitigation Plan (SUSMP) under that and several
other permits, although other terms such as Water Quality Management Plan (WQMP),
Stormwater Quality Urban Impact Mitigation Plan, (SQUIMP), and C.3 Provisions have been
used in other permits for equivalent programs. The SUSMPs list BMPs that are required for
designated projects. Additional BMPs may be required by ordinance or code adopted by the
Permittee and applied generally, or on a case-by-case basis. Private developers and public
agencies must then include these SUSMP requirements in their project plans as applicable.
Permittees then review and approve project plans as part of the development approved process
for projects covered under SUSMP requirements.

Many of the permits also allow permittees to include the use of regional or watershed-based
programs as alternatives to incorporating all of the BMPs to be on-site or project-based. Under
this approach, programs would be developed and adopted that address specific water quality
and pollutant concerns, achieve at least equivalent pollutant reduction that would have been
required for all new development and redevelopment projects in the watershed through project-
based BMPs, and can provide additional benefits by reducing impacts from existing developed
areas. Where regional or watershed programs are developed, there will typically need to be a
partnership between the planning agencies or permittees and the development community to
clearly define the approach for satisfying the Permit requirements and evaluating choices
between project-based and regional BMPs.

An effective mechanism for documenting the incorporation of stormwater quality controls into
new development and redevelopment projects on a site, regional, or watershed basis is to
develop a written plan known as a Stormwater Management Plan or SMP. An effective SMP
clearly sets forth the means and methods for long-term stormwater quality protection. The SMP
is a valuable document and can be used as part of the construction Stormwater Pollution
Prevention Plan to describe post-construction stormwater management, and will also prove to
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be useful during ownership transitions to convey critical stormwater quality control information
to subsequent owners. Section 2.3 of this handbook describes the development of a stormwater
management plan. Section 2.4 of this handbook describes planning principles appropriate for
consideration during new development and redevelopment stormwater quality planning.

2.3 Developing a Stormwater Management Plan

Developing an effective stormwater management plan depends on making effective BMP
choices. This section describes the basic steps and process one would go through to develop a
plan with appropriate BMPs. Such a plan would include reviewing the full suite of BMPs that
are available and identifying the dominant site factors that should go into the decision making
process. Assessment of the regional area, specific site conditions, site constraints, site
hydrology, and project type, are central to successful planning to minimize pollutants during
development as well as during the life of the project. The basic steps in the stormwater
management plan process are to:

m  Assess site and watershed conditions

m  Understand hydrologic conditions of concern
m  Evaluate pollutants of concern

m ldentify candidate BMPs

m  Develop plan for BMP Maintenance

The specific requirements of a Stormwater Management Plan are usually specified by the local
planning agency based on requirements in their MS4 permit. Typically, the following
information is required:

2.3.1 Assess Site Conditions

Site and watershed assessment includes assessing and describing the pre and post-development
site conditions and how the site fits into the overall watershed or drainage area. The assessment
should include sufficient detail to allow for assessment of the need for and application of
stormwater BMPs. Information typically required is listed below.

m Site information
- Historic features
- Existing features
- Planned features
- Drainage Patterns

- Discharge Locations
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= Vicinity information
- Major roadways
- Geographic features or landmarks
- Areasurrounding the site
- General topography
- Areadrainage
m  Watershed or drainage area information
- Received waters

- Watershed drainage

2.3.2 Understand Hydrologic Conditions of Concern

Development of impervious areas changes the A
landform and therefore the runoff hydrograph.
Modifications to the runoff hydrograph change
downstream hydrology. New development Q in a developed area
typically results in more runoff volume and iy
higher rates of runoff. Many BMPs, such as

detention basins, which detain volume,
effectively remove the top part of the
hydrograph, but extend the duration of flow. See

Qin a developed area

Figure 2-4. Time

Recent findings indicate that while such actions Figure 2-4
mitigate peak flows, the increased duration Hydraulic Alteration
associated with these actions has impacts as After Certain BMPs are Implemented

well. Problems include washing out habitat,

eroding streambed and banks, and changing downstream ecosystems. In addition to volume,
rate, and duration, other factors such as the amount of energy in the water and peak flow impact
downstream conditions.

A comprehensive understanding of these factors is necessary to develop meaningful stormwater
management plans. To be effective, these solutions must be done on an individual watershed
basis.

Ideally, the runoff hydrograph that exists after construction would parallel the pre-construction
hydrograph. It is difficult to ask upstream developers to be concerned about what is happening
several miles below them in a watershed. On the other hand, stormwater planners and policy
makers must ask what can be done to make the watershed more stable, and what enhancements
are needed to balance impacts to the watershed from development. A stream balance equation

2-4 California Stormwater BMP Handbook January 2003
New Development and Redevelopment Errata 9-04
www.cabmphandbooks.com



Section 2
Stormwater Quality Planning For New Development and Redevelopment

can be used to make qualitative predictions concerning channel impacts due to changes in
runoff or sediment loads from the watershed. This concept and the equation are described more
fully in Appendix A.

The best way to resolve the watershed stability and balance issues is through a comprehensive
drainage water master plan. A formal drainage study considers the project area’s location in the
larger watershed, topography, soil and vegetation conditions, percent impervious area, natural
and infrastructure drainage features, and any other relevant hydrologic and environmental
factors. A drainage study is typically prepared by a registered civil engineer. As part of the
study, the drainage report includes:

m Field reconnaissance to observe downstream conditions

m  Computed rainfall and runoff characteristics including a minimum of peak flow rate, flow
velocity, runoff volume, time of concentration and retention volume

m Establishment of site design, source control and treatment control measures to be
incorporated and maintained to address downstream conditions of concern

2.3.3 Evaluate Pollutants of Concern

The stormwater management plan should identify anticipated pollutants of concern. Pollutants
frequently identified in the 303d list for specific water bodies in California include metals,
nitrogen, nutrients (but often nutrients without specifying nitrogen or phosphorus), indicator
bacteria (i.e., fecal coliform), pesticides, and trash. Less commonly cited pollutants include
sediment, PAHs, PCBs, and dioxin. With respect to metals, typically, only the general term is
used. In some cases, a specific metal is identified. The most commonly listed metals are
mercury, copper, lead, selenium, zinc, and nickel. Less frequently listed metals are cadmium,
arsenic, silver, chromium, molybdenum, and thallium.

As discussed in Section 2.2, some Phase | communities have developed very prescriptive urban
stormwater requirements. For example, the Los Angeles SUSMP requires permittees to develop
a procedure for pollutants of concern to be identified for each new development or significant
redevelopment project. The procedures should include, at a minimum, consideration of:

m receiving water quality (including pollutants for which receiving waters are listed as
impaired under Clean Water Act section 303(d)

m land use type of the development project and pollutants associated with that land use type
m pollutants expected to be present on site;

m changes in stormwater discharge flow rates, velocities, durations, and volumes resulting
from the development project

m sensitivity of receiving waters to changes in stormwater discharge flow rates, velocities,
durations, and volumes.
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A general list of anticipated and potential pollutants generated by land use type is shown in
Table 2-1

It is important to realize that pollutants of concern for a water body can extend beyond those
pollutants listed in 303d list as causing impairment. For example, trash is a pollutant of
concern in most communities, yet only a few water bodies are presently listed as impaired by
trash. The key to remember is that a pollutant need not be causing an immediate impairment to
be considered when developing a stormwater management plan.

2.3.4 Ildentify Candidate BMPs

Selecting BMPs based on pollutants of concern is a function of site constraints, constituents of
concern, BMP performance, stringency of permit requirements, and watershed specific
requirements such as TMDLs. Pollutants of concern are especially important in water limited
stream segments and must be carefully reviewed in relationship to BMP performance. BMP
performance is discussed further in Section 5.

When no specific pollutant has been targeted for removal, regulators may address pollutant
removal through flow and /or volume-based requirements. Under these circumstances, cost can
become an important differentiator in BMP selection. BMP specific cost information is included
in Section 5.

Large reductions in treatment BMP size and investment can be made by:
m  Reducing runoff that needs to be captured, infiltrated, or treated
m  Controlling sources of pollutants

These two strategies are the most effective in managing stormwater. A third strategy includes
implementation of treatment BMPs. The principles and methodologies for incorporating these
strategies into site facility planning and design are discussed in Section 2.4 and Section 3,
respectively. Fact Sheets for source control BMPs and treatment control BMPs are included in
Section 4 and Section 5, respectively.

2.3.5 Determine BMP Size/Capacity

Based on the selected BMPs, the capacity and primary design sizing criteria must be established
using a combination of local hydrology, project drainage characteristics (e.g., percent
imperviousness or runoff coefficient), and the local permit or New Development Program
numerical sizing requirements. BMPs will be either volume-based or flow-based, as discussed
in more detail later in this Handbook and must be able to effectively treat the design quantity.
Peak storm event flows must also be taken into account if the BMP is a flow-based BMP, or a
volume-based BMP that must also safely pass the design storm (e.g., an in-line detention basin).
The volume-based BMP can safely pass the design peak event while maintaining its water
quality functions up to the water quality design volume.
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2.3.6 Develop Plan for BMP Maintenance

BMP maintenance arrangements take place during the planning phase of development and
redevelopment projects. A permittee is committed to providing for water quality protection by
requiring that a mechanism for ongoing, long-term maintenance of BMPs is in place. To ensure
that BMP maintenance will take place, permittees require evidence that project proponents have
executed an approved method of BMP maintenance, repair, and replacement before
construction approvals are issued. Mechanisms used by permittees to assign responsibility for
maintenance to public and private sector project proponents include:

Covenants

Maintenance Agreements
m  Conditional use permits

Deed restrictions

m  Other legal agreements

The permittee requires that an Operation and Maintenance (O&M plan) be prepared by the
project proponents. These plans are normally attached to approved maintenance agreements
and describe a designated party to manage:

s BMPs

m  Employee training program and duties
m  Operating schedule

m  Maintenance frequency

m Routine service schedule

m  Specific maintenance activities

m  Copies of resource agency permits

= Funding

m  Other necessary activities

Permittees often require annual inspection and servicing of all BMPs within maintenance
agreements, and O&M forms documenting all required maintenance activities. The party
responsible for the O&M plan is required to retain O&M forms for at least five years.

A BMP maintenance plan is particularly valuable during ownership transitions. For example,
when a developer transitions maintenance to a homeowners association, or when a developer
turns over maintenance to a new owner, the BMP maintenance plan is also important when
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valuating properties for acquisition, allowing long-term costs associated with BMPs to be
factored into the property purchase agreement.

A more extensive discussion of long-term BMP maintenance is included in Section 6.

2.4 Planning Principles

Planning and design for water quality DESIGN PROCESS
protection employs three basic

strategies in the following order of Uy Stoprmng wly  7), Sowe w3, osmen
relative effectiveness: 1) reduce or P i et
eliminate post-project runoff; 2) control fand coverage * Rotain/dotain pollutants
sources Of pO“UtantS, and 3) treat Minimize Creation of Runoff Inﬁltrat;,ilzzlitirPolish Runoff Treat Runoff
contaminated stormwater runoff before

discharging it to natural water bodies. RELATIVE EFFECTIVENESS
See Figure 2-5. These principles are

consistent with the typical permit and () ste Pranning and Design
local program requirements for Priority O] @ soure contro
Projects that require a consideration of a @ mestment conrol
combination of source control BMPs
(that reduce or eliminate runoff and (2)
control pollutant sources) and treatment
control BMPs with specific quantitative
standards. The extent to which projects
can incorporate strategies that reduce or Figure 2-5
eliminate post project runoff will Planning Principles
depend upon the land use and local site

characteristics of each project. Reduction in post project runoff offers a direct benefit by
reducing the required size of treatment controls to meet the numeric standard included in the
local permit. Therefore, project developers can evaluate tradeoffs between the incorporation of
alternative site design and source control techniques that reduce runoff and pollutants, and the
size of required treatment controls either included as part of the project or as a commitment to
an offsite watershed-based program.

2.4.1 Reduce Runoff

The principle of runoff reduction starts by recognizing that developing or redeveloping land
within a watershed inherently increases the imperviousness of the areas and therefore the
volume and rate of runoff and the associated pollutant load; and outlines various approaches to
reduce or minimize this impact through planning and design techniques.

The extent of impervious land covering the landscape is an important indicator of stormwater
guantity and quality and the health of urban watersheds. Impervious land coverage is a
fundamental characteristic of the urban and suburban environment -- rooftops, roadways,
parking areas and other impenetrable surfaces cover soils that, before development, allowed
rainwater to infiltrate.
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Without these impervious coverings, inherent watershed functions would naturally filter
rainwater and prevent receiving water degradation. Impervious surfaces associated with
urbanization can cause adverse receiving water impacts in four ways:

m Rainwater is prevented from filtering into the soil, adversely affecting groundwater recharge
and reducing base stream flows.

m  Because it cannot filter into the soil, more rainwater runs off, and runs off more quickly,
causing increased flow volumes, accelerating erosion in natural channels, and reducing
habitat and other stream values. Flooding and channel destabilization often require further
intervention. As a result, riparian corridors are lost to channelization, further reducing
habitat values.

m Pollutants that settle on the impervious pavements and rooftops are washed untreated into
storm sewers and nearby stream channels, increasing pollution in receiving water bodies.

m Impervious surfaces retain and reflect heat, increasing ambient air and water temperatures.
Increased water temperature negatively impacts aquatic life and reduces the oxygen content
of nearby water bodies.

Techniques for reducing runoff range from land use planning on a regional scale by permittees
or other local planning agencies, to methods that can be incorporated into specific projects.
These techniques include actions to:

m  Manage watershed impervious area

= Minimize directly connected impervious areas

m Incorporate zero discharge areas

m Include self-treatment areas

m  Consider runoff reduction areas.

Brief summaries of the following techniques are presented:

Manage Watershed Impervious Area

Land use planning on the watershed scale is a powerful tool to manage the extent of impervious
land coverage. This planning has two elements. First, identify open space and sensitive
resource areas at the regional scale and target growth to areas that are best suited to
development, and second, plan development that is compact to reduce overall land conversion
to impervious surfaces and reliance on land-intensive streets and parking systems.

Impervious land coverage is a practical measure of environmental quality because:

m Itis quantifiable, meaning that it can be easily recognized and calculated.
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m |tisintegrative, meaning that it can estimate or predict cumulative water resource impacts
independent of specific factors, helping to simplify the intimidating complexity surrounding
non-point source pollution.

m Itis conceptual, meaning that water resource scientists, municipal planners, landscape
architects, developers, policy makers and citizens can easily understand it.

Water resource protection at the local and regional level is becoming more complex. A wide
variety of regulatory agencies, diverse sources of non-point source pollution, and a multitude of
stakeholders make it difficult to achieve a consistent, easily understandable strategy for
watershed protection. Impervious land coverage is a scientifically sound, easily communicated,
and practical way to measure the impacts of new development on water quality.

Impervious area reductions also provide additional benefits such as reduced urban heat island
effect, resulting in less energy use to cool structures and more efficient irrigation use by plants.
Reductions have also been attributed to more human-scale landscaper and higher property
values.

Minimize Directly Connected
Impervious Areas (DCIA) /\\
Impervious areas directly connected to the

storm drain system are the greatest )
contributor to non-point source pollution.
The first effort in site planning and design
for stormwater quality protection is to
minimize the “directly connected
impervious area (DCIA)” as shown in slopes to center
Figure 2-6.

catch basin

Any impervious surface that drains into a solid underground pipe <8
catch basin, area drain, or other pollutants concentrated at outfall
conveyance structure is a “directly
connected impervious area.” As
stormwater runoff flows across parking
lots, roadways, and paved areas, the oils,
sediments, metals and other pollutants are collected and concentrated. If this runoff is collected
by a drainage system and carried directly along impervious gutters or in closed underground
pipes, it has no opportunity for filtering by plant material or infiltration into the soil. It also
increases in speed and volume, which may cause higher peak flows downstream, and may
require larger capacity storm drain systems, increasing flood and erosion potential.

Figure 2-6
Directly Connected Impervious Area

Minimizing directly connected impervious areas can be achieved in two ways:
m Limiting overall impervious land coverage

m  Directing runoff from impervious areas to pervious areas for infiltration,
retention/detention, or filtration
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Strategies for reducing impervious land coverage include:

Cluster rather than sprawl development

Taller narrower buildings rather than lower spreading ones
m  Sod or vegetative “green roofs” rather than conventional roofing materials

m  Narrower streets rather than wider ones

Pervious pavement for light duty roads, parking lots and pathways
Example strategies for infiltration, retention/detention, and bio-filtration include:

m  Vegetated swales

Vegetated basins (ephemeral- seasonally wet)

m  Constructed ponds and lakes (permanent- always wet)

m  Crushed stone reservoir base rock under pavements or in sumps
m Cisterns and tanks

m Infiltration basins

m Drainage trenches

= Drywells

m  Others

Unlike conveyance storm drain systems that convey water beneath the surface and work
independently of surface topography, a drainage system for stormwater infiltration can work
with natural landforms and land uses to become a major design element of a site plan. Solutions
that reduce DCIA prevent runoff, detain or retain surface water, attenuate peak runoff rates,
benefit water quality and convey stormwater. Site plans that apply stormwater management
techniques use the natural topography to suggest the drainage system, pathway alignments,
optimum locations for parks and play areas, and the most advantageous locations for building
sites. In this way, the natural landforms help to generate an aesthetically pleasing urban form
integrated with the natural features of the site.

Incorporate Zero Discharge Areas

An area within a development project can be designed to infiltrate, retain, or detain the volume
of runoff requiring treatment from that area.

The term “zero discharge” in this philosophy applies at stormwater treatment design storm
volumes. For example, consider an area that functionally captures and then infiltrates the 80th
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percentile storm volume. If permits require treatment of the 80th percentile storm volume, the
area generates no treatment-required runoff.

Site design techniques available for designing areas that produce no treatment-required runoff
include:

m Retention/Detention Ponds
= Wet Ponds

m Infiltration Areas

m Large Fountains

m  Retention Rooftops

m  Green roofs (roofs that incorporate vegetation) and blue roofs (roofs that incorporate
detention or retention of rain).

Infiltration areas, ponds, fountains, and green/blue roofs can provide “dual use” functionality as
stormwater retention measures and development amenities. Detention ponds and infiltration
areas can double as playing fields or parks. Wet ponds and infiltration areas can serve dual roles
when meeting landscaping requirements.

When several “zero discharge” areas are incorporated into a development design, significant
reductions in volumes requiring treatment may be realized.

“Zero discharge” areas such as wet ponds, detention ponds, and infiltration areas can be
designed to provide treatment over and above the storm volume captured and infiltrated. For
example, after a wet pond area has captured its required storm volume, additional storm volume
may be treated via settling prior to discharge from the pond. In this case, the “zero discharge”
area converts automatically into a treatment device for runoff from other areas, providing
settling for storm volumes beyond treatment requirements. Another example is a grassy
infiltration area that converts into a treatment swale after infiltrating its area-required
treatment volume. The grassy infiltration area in this example becomes a treatment swale for
another area within the development.

Figure 2-7 illustrates a residential tract, and a tract incorporating Zero Discharge Area
techniques (infiltration areas). The Zero Discharge Area designed tract represents a design to
infiltrate (i.e., achieve zero discharge from) a portion of the tract’s runoff, reducing total runoff
from the tract.
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Figure 2-7
Zero Discharge Area Usage

Include Self-Treatment Areas
Developed areas may provide “self-treatment” of runoff if properly designed and drained.

Self-treating site design techniques include:

m  Conserved Natural Spaces

m Large Landscaped Areas (including parks and lawns)
m  Grass/Vegetated Swales

m  Turf Block Paving Areas

The infiltration and bio-treatment inherent to such areas provides the treatment control
necessary. These areas therefore act as their own BMP, and no additional BMPs to treat runoff
should be required.

As illustrated in Figure 2-8, site drainage designs must direct runoff from self-treating areas
away from other areas of the site that require treatment of runoff. Otherwise, the volume from
the self-treating area will only add to the volume requiring treatment from the impervious area.

Likewise, under this philosophy, self-treating areas receiving runoff from treatment-required
areas would no longer be considered self-treating, but rather would be considered as the BMP in
place to treat that runoff. These areas could remain as self-treating, or partially self-treating
areas, if adequately sized to handle the excess runoff addition.

Consider Runoff Reduction Areas

Using alternative surfaces with a lower coefficient of runoff or “C-Factor” may reduce runoff
from developed areas. The C-Factor is a representation of the surface’s ability to produce runoff.
Surfaces that produce higher volumes of runoff are represented by higher C-Factors, such as
impervious surfaces. Surfaces that produce smaller volumes of runoff are represented by lower
C-Factors, such as more pervious surfaces. See Table 2-2 for typical C-Factor values for various
surfaces during small storms.
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Figure 2-8
Self-Treating Area Usage

Table 2-3 compares the C-Factors of conventional

Table 2-2  Estimated C-Factors paving surfaces to alternative, lower C-Factor
for Various Surfaces paving surfaces. By incorporating more pervious,
During Small Storms lower C-Factor surfaces into a development (see
Paving Surface C-Factor Figure 2-9), lower volumes of runoff may be
Concrete 0.80 produced. _Lower volumes and rates of ru_noff
translate directly to lower treatment requirements.
Asphalt 0.70
Pervious Concrete 0.60
Cobbles 0.60 Table 2-3 Conventional Paving
- Surface Small Storm C-
Pervious Asphalt 0.55 Factors vs. Alternative
Natural Stone without Grout 0.25 Paving C-Factors
Turf Block 0.15 Conventional Paving Red_uced C-Factpr
Surface C-Factors Paving Alternatives
Brick without Grout 0.13 Decorative Unit Pavers on
- 1V 1 \"
Unit Pavers on Sand 0.10 Concrete Patio/Plaza (0.80) Sand (0.10)
Crushed Aggregate 0.10 . Turf Block Overflow Parking
Asphalt Parking Area (0.70) Area (0.15)
Grass 0.10
Pervi C te (0.60
Grass Over Porous Plastic 0.05 ervious Concrete ( )
Pervi Asphalt (0.
Gravel Over Porous Plastic 0.05 ervious Asphalt (0.55)
Note: C-Factors for small storms are likely to differ (be Crushed Aggregate (0.10)

lower) than C-Factors developed for large, flood
control volume size storms. The above C-Factors
were produced by selecting the lower end of the
best available C-Factor range for each paving
surface. These C-Factors are only appropriate for
small storm treatment design, and should not be
used for flood control sizing. Where available,
locally developed small storm C-Factors for
various surfaces should be utilized.
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Figure 2-9
Impervious Parking Lot vs. Parking Lot with Some Pervious Surfaces

Site design techniques that incorporate pervious materials may be used to reduce the C-
Factor of a developed area, reducing the amount of runoff requiring treatment. These
materials include:

m  Pervious Concrete

m  Pervious Asphalt

= TurfBlock

m  Brick (un-grouted)

= Natural Stone

m  Concrete Unit Pavers
m  Crushed Aggregate

m  Cobbles

= Wood Mulch

Other site design techniques such as disconnecting impervious areas, preservation of natural
areas, and designing concave medians may be used to reduce the overall C-Factor of
development areas.

Table 2-4 presents a list of site design and landscaping techniques and indicates whether they
are applicable for use in Zero Discharge Areas, Self-Treating Areas, and Runoff Reduction Areas.
Several different techniques may be implemented within the same design philosophy. Some
techniques may be used to implement more than one design philosophy. Where feasible,
combinations of multiple technigues may be incorporated into new development and
redevelopment projects to minimize the amount of treatment required.
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Table 2-4 Site Design and Landscaping Techniques

Design Criteria Design Philosophy

Site Design and Landscape
Techniques

Volume-
Based
Design

Flow-
Based
Design

Zero
Discharge

Self —
Treating

Runoff
Reduction

Permeable Pavements

Pervious concrete

Pervious asphalt

Turf block

Un-grouted brick

Un-grouted natural stone

Un-grouted concrete unit pavers

Unit pavers on sand

Crushed aggregate

Cobbles

X|IX|X[X]|X|X[X]|X]|X|X
XIX|X|X|X|X[X|X]|X]|X

Wood mulch

Streets

Urban curb/swale system

Rural swale system

Dual drainage systems

Concave median

XX | X]|X|X
X[ X | X|X|X
X | X[ X|X]|X

Pervious island

Parking Lots

X
X

Hybrid surface parking lot

X

Pervious parking grove X

Pervious overflow parking X X X

Driveways

Not directly connected impervious X X
driveway

Paving only under wheels X X X

Flared driveways X X

Buildings

Dry-well X X X

X
X
X
X

Cistern

X
X

Foundation planting X

Pop-up drainage emitters X

Landscape

Grass/vegetated swales

Extended detention (dry) ponds

Wet ponds

XX | X|X
X

X[ X | X|X

X | X[ XX

Bio-retention areas
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2.4.2 Control Sources of Pollutants

There are a number of items that can be routinely designed into a project that function as source
controls once a project is completed. They include such items as marking new drain inlets and
posting informational signs; improving landscape planning and efficient irrigation methods;
using water quality friendly building materials; implementing roof runoff controls; properly
designing outdoor material and trash storage areas; and permanently protecting slopes and
channels from erosion. They also include design features for specific workplace or other activity
areas such as vehicle washing areas, outdoor processing areas, maintenance bays and docks, and
fueling areas.

Design of BMPs to control workplace exposure to pollutants is guided by three general
principles:

m  Prevent water from contacting work areas. Work and storage areas should be designed to
prevent stormwater runoff from passing through shipping areas, vehicle maintenance yards,
and other work places before it reaches storm drains. The objective is to prevent the
discharge of water laden with grease, oil, heavy metals and process fluids to surface waters
or sensitive resource areas.

m  Prevent pollutants from contacting surfaces that come into contact with stormwater runoff.
Precautionary measures should be employed to keep pollutants from contacting surfaces
that come into contact with runoff. This means controlling spills and reviewing operational
practices and equipment to prevent pollutants from coming into contact with storm or wash
water runoff.

m  Treating water before discharging it to the storm drain. Treatment of polluted runoff should
be employed as a last resort. If source control options are not possible, treatment measures
that comply with NPDES permit requirements must be adopted.

Once BMPs are designed into a project, they must be appropriately operated and maintained
throughout the life cycle of the project in order to accomplish the BMPs pollution control
objectives. For information on post construction operation and maintenance of BMPs built into
the project, the reader is referred to the Stormwater Best Management Practice Handbook —
Industrial and Commercial, companions to this handbook.

2.4.3 Treat Runoff

Until recently, stormwater and street design systems were designed to achieve a single objective
— to convey water off-site as quickly as possible. The primary concern of conveyance systems
was to protect property from flooding during large, infrequent storms. Drainage systems
designed to meet this single volume control objective fail to address the environmental effects of
non-point source pollution and increases in runoff volume and velocity caused by development.

Today’s drainage systems must meet multiple purposes: protect property from flooding, control
stream bank erosion, and protect water quality. To achieve this, designers must integrate
conventional flood control strategies for large, infrequent storms with stormwater quality
control strategies.
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There are several basic water quality strategies for treating runoff:

m Infiltrate runoff into the soil

m Retain/detain runoff for later release with the detention providing treatment
m  Convey runoff slowly through vegetation

m  Treat runoff on a flow-through basis using various treatment technologies

Solutions should be based on an understanding of the water quality and economic benefits
inherent in construction of systems that utilize or mimic natural drainage patterns. Site designs
should be based on site conditions and use these as the basis for selecting appropriate
stormwater quality controls. The drainage system design process considers variables such as
local climate, the infiltration rate and erosivity of the soils, and slope. Many of the negative
impacts associated with urban development can be alleviated if policy alternatives encourage
developers to protect and restore habitat quality and quantity, include measures to improve
water quality, and provide buffers between development and stream corridors.

Unlike conveyance models, which are assessed by simple quantitative measures (flood control
volumes and economics), water quality designs must optimize for a complex array of both
guantitative and qualitative standards, including engineering worthiness, environmental
benefit, horticultural sustainability, aesthetics, functionality, maintainability, economics and
safety.

2.4.4 Planning Development Strategies in Practice

The importance of site planning in stormwater quality protection is illustrated in the following
examples of development strategies: conventional residential subdivision (Figure 2-10,
Alternative 1), conventional subdivision employing BMPs (Figure 2-11, Alternative 2), and a
mixed-use transit-oriented development (Figure 2-12, Alternative 3). All three examples are
intended to accommodate approximately 660 housing units on a 220-acre site adjacent to a
creek.

The conventional residential subdivision (Alternative 1) accommodates 660 single-family homes
on individual lots. One-sixth acre lots are accessed by a network of 40 ft wide cul-de-sac streets,
with 5 ft sidewalks adjacent to the curb on each side of the street. The street and sidewalks are
located within a 60 ft right-of-way, which is covered with a 40 ft wide street and two 5 ft
sidewalks, or 50 ft of pavement, 100% impervious land coverage (streets only), and no room for
street trees. No variation exists in housing types (all single-family).
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Figure 2-10
Alternative 1: Conventional

Both the streets and the open space features lack structure or hierarchy. The few direct
connections through the neighborhood result in long stretches of overly wide streets that
discourage walking.

Conventional development design does not use the recreational or stormwater benefits of the
available open space and does not respond to natural and topographic features. Preservation of
open space is a low priority, and the setback between the development and the creek is minimal.
The remaining open space character is remnant space offering residents no creek access or
parks. Stormwater travels through a 15,000 ft network of drainpipes and in the absence of
current permit requirements would discharge untreated runoff directly into the creek. However,
applying typical permit requirements, the development would still be required to incorporate
runoff treatment for the water quality design volume defined in the local permit or MS4 new
development program. For example, if the permit required treatment of the runoff from 0.75
inches of rainfall, the development as planned had an overall percent impervious value of 45%,
and the designer was considering the use of an extended detention basin for treatment, this
would require a treatment volume of approximately 6.2 ac-ft. Based on typical detention basin
design practices, this could result in the need to dedicate approximately 2-3 acres of land, or the
equivalent of approximately 12-18 lots to incorporate the basin into the development near the
point where drainage enters the creek. Alternatively, if a watershed or regional master plan for
water quality had been adopted in which the development could participate financially, the
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project would contribute financially based on its required treatment volume and the cost
allocation plan for the watershed program.

The hybrid/best practices subdivision (Alternative 2) illustrates a conventional neighborhood
that applies some stormwater management practices. This attempt accommodates 660 single-
family homes on individual lots. Streets are narrower, with the interior access streets at 28 ft
wide, while internal neighborhood collectors are 32 ft wide. All streets have detached sidewalks
that accommodate street trees planted between the sidewalk and the curb. This development
sets the houses 100 ft back from the creek and offers residents 12 acres of access to open space
and parks. The overall imperviousness has been reduced to about 41%, thereby reducing the
volume to be treated to approximately 5.6 ac-ft. A detention basin has been created in open
space within the development. Nearly one fourth of the 13,000 ft network of piped stormwater
drains to a detention pond.
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Figure 2-11
Alternative 2: Hybrid/Best Practices
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By employing a hierarchy of narrower streets this neighborhood requires 1475 ft2 of street per
housing unit, a reduction of 19% relative to the conventional sub-division.

The neo-traditional mixed-use neighborhood is illustrated as Alternative 3. This neighborhood
includes 660 housing units, but also introduces other uses: retail, office, and live-work, within a
network of tree-lined streets and open space. The neighborhood drains to an open space park
adjacent to the creek, naturally and efficiently filtering stormwater before it enters the creek.
Bioswales along key streets capture and treat stormwater en-route to the creek, providing
aesthetic appeal and recreational opportunities. Alternative 3 requires 965 ft2 of street per
housing unit, a reduction of 47% relative to the conventional sub-division. A strategically
located transit system stops near shops and higher density housing makes transit feasible.
Every dwelling unit in the neighborhood is within a 5-minute walk from shops or transit. The
overall imperviousness of this site has been reduced to approximately 36%, further reducing the
treatment volume. In addition, there are a variety of opportunities to incorporate treatment for
all of the remaining runoff within the open space park without the need to dedicate any
additional developable land.
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Figure 2-12
Alternative 3: Neo-Traditional
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A comparison of the three alternatives is shown in Table 2-5.

Table 2-5 Comparison of Three Alternatives

Alternative 1 Alternative 2 Alternative 3

Total Site (Ac) 220 220 220
# Of Housing Units 660 660 660
Parks & Open Space (Ac) 0 12 52
Creek Setback (Ft) 0 100 500
Impervious Land Coverage - Streets (Ac) 28 22 15

% Of Site that is Impervious - Streets Only 13% 10% 7%
‘é/:oo(r)]:‘/esri]tteizotgglt)is Impervious - Streets Only (Relative to 100% 81% 530
Linear Feet of Pipe 15,000 13,000 10,000
Linear Feet of Swale 0] 0 4,700
Width of Major Streets (Ft) 40 32 32
Width of Minor Streets (Ft) None 28 28

Typical lots in Alternatives 2 and 3 are illustrated in three forms: street loaded, alley fed and
rural. In the street-loaded form, lot size is still approximately 1/6 acre, but the lot is narrower
and deeper, thus reducing the amount of street frontage per household. The two-car garage is
accessed from a front driveway. This front-loaded street accounts for 63% impervious land
coverage in the 60 ft right-of-way.

Looking at a typical street, the traditional residential neighborhood reduces the number of feet
of street and sidewalk per housing unit by nearly 40% compared to the conventional
subdivision. This is accomplished by two means: a narrower street width (28 ft versus 40 ft),
and narrower, deeper lots (60 ft versus 65 ft wide). Narrower lots mean less street frontage per
lot.

In the alley-loaded form, the street right-of-way is narrowed to 50 ft, leaving 4 ft for trees
between the sidewalk and curb. This form also employs the narrower street, achieving a 40%
reduction in pavement dedicated to street and sidewalk. A 16 ft wide alley is provided in the
back to access a garage at the rear of each lot. Additional pavement for the alley is balanced by
elimination of pavement for the front driveway. This model assumes an impervious asphalt or
concrete alley. Gravel alleys are feasible, and improve permeability. In this form, narrower,
deeper lots are employed to accommodate the depth required for the alley.

The rural street form dramatically reduces impervious land coverage. The street is 19 ft wide
with gravel shoulders for trees and parking. Pedestrians walk on the gravel shoulder or share
the street with slow-moving cars.
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Looking at a typical street, the rural form provides the greatest reduction in impervious land
coverage. Only 570 ft2 of pavement of street is required per housing unit, a reduction of 62%
compared to the conventional sub-division.
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3.1 Introduction

Site and facility design for stormwater quality protection employs a multi-level strategy. The
strategy consists of: 1) reducing or eliminating post-project runoff; 2) controlling sources of
pollutants; and 3), if still needed after deploying 1) and 2), treating contaminated stormwater
runoff before discharging it to the storm drain system or to receiving waters.

This section describes how elements 1), 2), and 3) of the strategy can be incorporated into the
site and facility planning and design process, and by doing so, eliminating or reducing the
amount of stormwater runoff that may require treatment at the point where stormwater runoff
ultimately leaves the site. Elements 1) and 2) may be referred to as “source controls” because
they emphasize reducing or eliminating pollutants in stormwater runoff at their source through
runoff reduction and by keeping pollutants and stormwater segregated. Section 4 provides
detailed descriptions of the BMPs related to elements 1) and 2) of the strategy. Element 3) of
the strategy is referred to as “treatment control” because it utilizes treatment mechanisms to
remove pollutants that have entered stormwater runoff. Section 5 provides detailed
descriptions of BMPs related to element 3) of the strategy. Treatment controls integrated into
and throughout the site usually provide enhanced benefits over the same or similar controls
deployed only at the “end of the pipe” where runoff leaves the project site.

3.2 Integration of BMPs into Common Site
Features

Many common site features can achieve stormwater management goals by incorporating one or
more basic elements, either alone or in combination, depending on site and other conditions.
The basic elements include infiltration,
retention/detention, biofilters, and
structural controls. This section first
describes these basic elements, and then basin for settlement
describes how these elements can be and infiltration
incorporated into common site features.

notch for overflow

Infiltration

Infiltration is the process where water enters
the ground and moves downward through
the unsaturated soil zone. Infiltration is
ideal for management and conservation of
runoff because it filters pollutants through
the soil and restores natural flows to
groundwater and downstream water bodies.

See Figure 3-1. Figure 3-1
Infiltration Basin
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The infiltration approach to stormwater management seeks to “preserve and restore the
hydrologic cycle.” An infiltration stormwater system seeks to infiltrate runoff into the soil by
allowing it to flow slowly over permeable surfaces. The slow flow of runoff allows pollutants to
settle into the soil where they are naturally mitigated. The reduced volume of runoff that
remains takes a long time to reach the outfall, and when it empties into a natural water body or
storm sewer, its pollutant load is greatly reduced.

Infiltration basins can be either open or closed. Open infiltration basins, include ponds, swales
and other landscape features, are usually vegetated to maintain the porosity of the soil structure
and to reduce erosion. Closed infiltration basins can be constructed under the land surface with
open graded crushed stone, leaving the surface to be used for parking or other uses. Subsurface
closed basins are generally more difficult to maintain and more expensive than open filtration
systems, and are used primarily where high land costs demand that the land surface be
reclaimed for economic use.

Infiltration systems are often designed to capture the “first flush” storm event and used in
combination with a detention basin to control peak hydraulic flows. They effectively remove
suspended solids, particulates, bacteria, organics and soluble metals and nutrients through the
vehicle of filtration, absorption and microbial decomposition. Groundwater contamination
should be considered as a potential adverse effect and should be considered where shallow
groundwater is a source of drinking water. In cases where groundwater sources are deep, there
is a very low chance of contamination from normal concentrations of typical urban runoff.

Retention and Detention

Retention and detention systems differ from infiltration systems primarily in intent. Detention
systems are designed to capture and retain runoff temporarily and release it to receiving waters
at predevelopment flow rates. Permanent pools of water are not held between storm events.
Pollutants settle out and are removed from the water column through physical processes. See
Figure 3-2.

Retention systems capture runoff and retain it
between storms as shown in Figure 3-3.
Water held in the system is displaced by the basin for settlement
next significant rainfall event. Pollutants
settle out and are thereby removed from the
water column. Because the water remains in
the system for a period of time, retention
systems benefit from biological and
biochemical removal mechanisms provided by
aquatic plants and microorganisms. See
Figure 3-3.

opening for reduced outflow

Figure 3-2
Simple Detention System
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Retention/detention systems may release runoff

_ shallow basin side slopes slowly enough to reduce downstream peak flows
bl o ricrd 6‘:;‘“”'*‘-" Sy to their pre-development levels, allow fine
: s sediments to settle, and uptake dissolved
‘\’Y\ muliple wses NUtrients in the runoff where wetland vegetation
ekaetien; is included.
Bioretention facilities have the added benefit of

aesthetic appeal. These systems can be placed in
parking lot islands, landscaped areas surrounding
buildings, perimeter parking lots, and other open
space sections. Placing bioretention facilities on
land that city regulations require developers to
devote to open space efficiently uses the land. An
experienced landscape architect can choose plant

Figure 3-3  species and planting materials that are easy to
Retention System  maintain, aesthetically pleasing, and capable of
effectively reducing pollutants in runoff from the
site.

forebay

;Jt’?'HIﬂH ent

ponding level

Constructed wetland systems retain and release stormwater in a manner that is similar to
retention or detention basins. The design mimics natural ecological functions and uses wetland
vegetation to filter pollutants. The system needs a permanent water source to function properly
and must be engineered to remove coarse sediment, especially construction related sediments,
from entering the pond. Stormwater has the potential to negatively affect natural wetland
functions and constructed wetlands can be used to buffer sensitive resources.

Biofilters
tuerferass/ vegetat ed

Biofilters, also known as vegetated swales and Foiso
filter strips, are vegetated slopes and channels
designed and maintained to transport shallow
depths of runoff slowly over vegetation.
Biofilters are effective if flows are slow and
depths are shallow (3% slope max.). The slow
movement of runoff through the vegetation
provides an opportunity for sediments and
particulates to be filtered and degraded through
biological activity. In most soils, the biofilter
also provides an opportunity for stormwater
infiltration, which further removes pollutants Figure 3-4
and reduces runoff volumes. See Figure 3-4. Vegetated Swale

side slope vegetation,
tolevates periodic
innundation

Swales intercept both sheet and concentrated flows and convey these flows in a concentrated,
vegetation-lined channel. Grass filter strips intercept sheet runoff from the impervious network
of streets, parking lots, and rooftops and divert stormwater to a uniformly graded meadow,
buffer zone, or small forest. Typically, the vegetated swale and grass strip-planting palette can
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comprise a wide range of possibilities from dense vegetation to turf grass. Grass strips and
vegetated swales can function as pretreatment systems for water entering bioretention systems
or other BMPs. If biofilters are to succeed in filtering pollutants from the water column, the
planting design must consider the hydrology, soils, and maintenance requirements of the site.

Appropriate plantings not only improve water quality, they provide habitat and aesthetic
benefits. Selected plant materials must be able to adapt to variable moisture regimes. Turf
grass is acceptable if it can be watered in the dry season, and if it is not inundated for long
periods. Species such as willows, dogwoods, sedge, rush, lilies, and bulrush tolerate varying
degrees of soil moisture and can provide an attractive plant palette year round.

Structural Controls

Structural controls in the context of this section include a range of measures that prevent
pollutants from coming into contact with stormwater. In this context, these measures may be
referred to as “structural source controls” meaning that they utilize structural features to
prevent pollutant sources and stormwater from coming into contact with one another, thus
reducing the opportunity for stormwater to become contaminated. Examples of structural
source controls include covers, impermeable surfaces, secondary containment facilities, runoff
diversion berms, and diversions to wastewater treatment plants.

3.2.1 Streets

More than any other single element, street design has a powerful impact on stormwater quality.
Street and other transportation-related structures typically can comprise between 60 and 70%
of the total impervious coverage in urban areas and, unlike rooftops, streets are almost always
directly connected to an underground stormwater system.

Recognizing that street design can be the greatest factor in development’s impact on stormwater
quality, it is important that designers, municipalities and developers employ street standards
that reduce impervious land coverage. Directing runoff to biofilters or swales rather than
underground storm drains produces a street system that conveys stormwater efficiently while
providing both water quality and aesthetic benefits.

On streets where a more urban character is desired, or where a rigid pavement edge is required,
curb and gutter systems can be designed to empty into drainage swales. These swales can run
parallel to the street, in the parkway between the curb and the sidewalk, or can intersect the
street at cross-angles, and run between residences, depending on topography or site planning.
Runoff travels along the gutter, but instead of being emptied into a catch basin and underground
pipe, multiple openings in the curb direct runoff into surface swales or infiltration/detention
basins.

In recent years, new street standards have been gaining acceptance that meets the access
requirements of local residential streets while reducing impervious land coverage. These
standards create a new class of street that is narrower and more interconnected than the current
local street standard, called an “access” street. An access street is at the lowest end of the street
hierarchy and is intended only to provide access to a limited number of residences.
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Street design is usually mandated by local municipal standards. Officials must consider the
scale of the land use as they select stormwater and water quality design solutions. Traffic
volume and speeds, bicycle lane design criteria, and residential and business densities influence
the willingness of decision makers to permit the narrow streets that include curbless design
alternatives.

Emergency service providers often raise objections to reduced street widths. Street designs
illustrated here meet national Fire Code standards for emergency access. An interconnected
grid system of narrow streets also allows emergency service providers with multiple access
routes to compensate for the unlikely possibility that a street may be blocked.

Many municipal street standards mandate 80 to 100% impervious land coverage in the public
right-of-way, and are a principal contributor to the environmental degradation caused by
development.

A street standard that allows an interconnected system of narrow access streets for residential
neighborhoods has the potential to achieve several complimentary environmental and social
benefits. A hierarchy of streets sized according to average daily traffic volumes yields a wide
variety of benefits: improved safety from lower speeds and volumes, improved aesthetics from
street trees and green parkways, reduced impervious land coverage, less heat island effect, and
lower development costs. If the reduction in street width is accompanied by a drainage system
that allows for infiltration of runoff, the impact of streets on stormwater quality can be greatly
mitigated.

There are many examples of narrow streets, from both newly constructed and older
communities, which demonstrate the impact of street design on neighborhood character and
environmental quality. See Table 3-1.

Table 3-1 Adopted Narrow Street Standards (Typ. Cross-Sections, two-way
traffic)

City of Santa Rosa 30 ft wide with parking permitted both sides, <1000 Average Daily

Traffic (ADT)

26 — 28 ft with parking permitted one side

20 ft - no parking permitted

20 ft neck downs at intersections

City of Palmdale 28 ft wide with parking permitted both sides

City of San Jose 30 ft wide with parking permitted both sides, <21 Dwelling Units (DU)
34 ft wide with parking permitted both sides, <121 DU

City of Novato 24 ft wide with parking permitted both sides, 2-4 DU
28 ft with parking permitted both sides, 5-15 DU

County of San Mateo 19 ft wide rural pavement cross-section with parking permitted on adjacent gravel
shoulders

A comparison of street cross-sections is shown in Figure 3-5.
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Figure 3-5
Comparison of Street Cross-Sections (two-way traffic, residential access streets)

3.2.2 Parking Lots

In any development, storage space for stationary vehicles can consume many acres of land area,
often greater than the area covered by streets or rooftops. In a neighborhood of single-family
homes, this parking area is generally located on private driveways or along the street. In higher
density residential developments, parking is often consolidated in parking lots.

The space for storage of the automobile, the standard parking stall, occupies only 160 ft2, but
when combined with aisles, driveways, curbs, overhang space, and median islands, a parking lot
can require up to 400 ft2 per vehicle, or nearly one acre per 100 cars. Since parking is usually
accommodated on an asphalt or concrete surface with conventional underground storm drain
systems, parking lots typically generate a great deal of DCIA.
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There are many ways to both reduce the impervious land coverage of parking areas and to filter
runoff before it reaches the storm drain system.

Hybrid Parking Lot

Hybrid lots work on the principle that
pavement use differs between aisles and
stalls. Aisles must be designed for
speeds between 10 and 20 mph, and
durable enough to support the
concentrated traffic of all vehicles using
the lot. The stalls, on the other hand,
need only be designed for the 2 or 3 mph
speed of vehicles maneuvering into
place. Most of the time the stalls are in
use, vehicles are stationary. Hybrid lots
reduce impervious surface coverage in
parking areas by differentiating the
paving between aisles and stalls, and
combining impervious aisles with
permeable stalls, as shown in Figure 3-6.

impervious aisle permeable stalls

Figure 3-6
Hybrid Parking Lot

If aisles are constructed of a more conventional, impermeable material suitable for heavier
vehicle use, such as asphalt, stalls can be constructed of permeable pavement. This can reduce
the overall impervious surface coverage of a typical double loaded parking lot by 60% and avoid
the need for an underground drainage system.

Permeable stalls can be constructed of a number of materials including pervious concrete, unit
pavers such as brick or stone spaced to expose a permeable joint and set on a permeable base,
crushed aggregate, porous asphalt, turf block, and cobbles in low traffic areas. Turf blocks and
permeable joints are shown in Figures 3-7 and 3-8.

| turf block

sand setting bed

uncompacted soif |

natural stone

permeable joint materials

(sand)

sand setting bed

. A
g e o O i
L2 b AV

reservoir base course Figure 3-8

Turf Blocks Permeable Joints
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Parking Grove

A variation on the permeable stall design, a grid of trees and bollards can be used to delineate
parking stalls and create a “parking grove.” If the bollard and tree grids are spaced
approximately 19 ft apart, two vehicles can park between each row of the grid. This 9.5 ft stall
spacing is slightly more generous than the standard 8.5 to 9 ft stall, and allows for the added
width of the tree trucks and bollards. A benefit of this design is that the parking grove not only
shades parked cars, but also presents an attractive open space when cars are absent. Examples
of parking groves are shown in Figures 3-9 and 3-10.

Figure 3-9 Figure 3-10
Parking Grove Parking Grove

Overflow Parking

Parking lot design is often required to
accommodatepeak demand, generating a high
proportion of impervious land coverage of
very limited usefulness. An alternative is to
differentiate between regular and peak

parking demands, and to construct the peak Q
parking stalls of a different, more permeable,
material. This “overflow parking” area can be
made of a turf block, which appears as a green
lawn when not occupied by vehicles, or
crushed stone or other materials. See Figure
3-11. The same concept can be applied to
areas with temporary parking needs, such as Figure 3-11
emergency access routes, or in residential Overflows Parking
applications, RV, or trailer parking.

landscaped island —

grass swale A _ .
infiltration/detention

l‘)iqﬁ lter

permeable overflow

stalls (e.g. turf block)
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Porous Pavement Recharge Bed

In some cases, parking lots can be designed to
perform more complex stormwater management
functions. Constructing a stone-filled reservoir below
the pavement surface and directing runoff
underground by means of perforated distribution
pipes can achieve subsurface stormwater storage and
infiltration as shown in Figure 3-12. Subsurface
infiltration basins eliminate the possibilities of mud,
mosquitoes and safety hazards sometimes perceived

to be associated with ephemeral surface drainage. J— \\/

They also can provide for storage of large volumes of distribution pipe e

runoff, and can be incorporated with roof runoff )

collection systems. Figure 3-12

Porous Pavement Recharge Bed

3.2.3 Driveways

Driveways can comprise up to 40% of the total transportation network in a conventional
development, with streets, turn-arounds, and sidewalks comprising the remaining 60%.

Driveway length is generally determined by garage setback requirements, and width is usually
mandated by municipal codes and ordinances. If garages are setback from the street, long
driveways are required, unless a rear alley system is included to provide garage access. If
parking for two vehicles side by side is required, a 20 ft minimum width is required. Thus, if a
20 ft setback and a two-car-wide driveway are required, a minimum of 400 ft2 of driveway will
result, or 4% of a typical 10,000 ft2 residential lot. If the house itself is compact, and the
driveway is long, wide, and paved with an impervious material such as asphalt or concrete, it can
become the largest component of impervious land coverage on the lot.

Municipalities can reduce the area dedicated to driveways by allowing for tandem parking (one
vehicle in front of another on a narrow driveway). In addition, if shared driveways are
permitted, then two or more garages can be accessed by a single driveway, further reducing
required land area. Rear alley access to the garage can reduce driveway length, but overall
impervious surface coverage may not be reduced if the alleys are paved with impervious
materials and the access streets remain designed to conventional municipal standards.

Alternative solutions that work to reduce the impact of water quality problems associated with
impervious land coverage on city streets also work on driveways. Sloping the driveway so that it
drains onto an adjacent turf or groundcover area prevents driveways from draining directly to
storm drain systems. This concept is shown in Figures 3-13 and 3-14. Use of turf-block or unit
pavers on sand creates attractive, low maintenance, permeable driveways that filter stormwater.
See Figure 3-15. Crushed aggregate can serve as a relatively smooth pavement with minimal
maintenance as shown in Figure 3-16. Paving only under wheels (Figure 3-17) is a viable,
inexpensive design if the driveway is straight between the garage and the street, and repaving
temporary parking areas with permeable unit pavers such as brick or stone can significantly
reduce the percentage of impervious area devoted to the driveway.

January 2003 California Stormwater BMP Handbook 3-9
Errata 9-04 New Development and Redevelopment
www.cabmphandbooks.com



Section 3
Site and Facility Design for Water Quality Protection

stormarer
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Figure 3-13
Traditional Design
Drains Flow Directly to Storm Drain

unit pavers-on-sand crushed

aggregate

Figure 3-16
Crushed Aggregate

Figure 3-15
Unit Pavers

concrete paving only under wheels

lawn or groundcover AR >

Figure 3-17
Paving Only Under Wheels

3-10 California Stormwater BMP Handbook January 2003
New Development and Redevelopment Errata 9-04
www.cabmphandbooks.com



Section 3
Site and Facility Design for Water Quality Protection

3.2.4 Landscape and Open Space

In the natural landscape, most soils infiltrate a high percentage of rainwater through a complex
web of organic and biological activities that build soil porosity and permeability. Roots reach
into the soil and separate particles of clay, insects excavate voids in the soil mass, roots decay
leaving networks of macro pores, leaves fall and form a mulch over the soil surface, and
earthworms burrow and ingest organic detritus to create richer, more porous soil. These are
just a few examples of the natural processes that occur within the soil.

Maintenance of a healthy soil structure through the practice of retaining or restoring native soils
where possible and using soil amendments where appropriate can improve the land’s ability to
filter and slowly release stormwater into drainage networks. Construction practices such as
decreasing soil compaction, storing topsoil on-site for use after construction, and chipping wood
for mulch as it is cleared for the land can improve soil quality and help maintain healthy
watersheds. Practices that reduce erosion and help retain water on-site include incorporating
organic amendments into disturbed soils after construction, retaining native vegetation, and
covering soil during revegetation.

Subtle changes in grading can also improve infiltration. Landscape surfaces are conventionally
graded to have a slight convex slope. This causes water to run off a central high point into a
surrounding drainage system, creating increased runoff. If a landscape surface is graded to have
a slightly concave slope, it will hold water. The infiltration value of concave vegetated surfaces is
greater in permeable soils. Soils of heavy clay or underlain with hardpan provide less
infiltration value. In these cases, concave vegetated surfaces must be designed as
retention/detention basins, with proper outlets or under drains to an interconnected system.

Multiple Small Basins

Biofilters, infiltration, retention/detention basins are the basic elements of a landscape designed
for stormwater management. The challenge for designers is to integrate these elements
creatively and attractively in the landscape — either within a conventional landscape aesthetic or
by presenting a different landscape image that emphasizes the role of water and drainage.

Multiple small basins can provide a great deal of water storage and infiltration capacity. These
small basins can fit into the parkway planting strip or shoulders of street rights-of-way. If
connected by culverts under walks and driveways, they can create a continuous linear
infiltration system. Infiltration and retention/detention basins can be placed under wood decks,
in parking lot planter islands, and at roof downspouts. Outdoor patios or seating areas can be
sunken a few steps, paved with a permeable pavement such as flagstone or gravel, and designed
to hold a few inches of water collected from surrounding rooftops or paved areas for a few hours
after a rain.

All of these are examples of small basins that can store water for a brief period, allowing it to
infiltrate into the soil, slowing its release into the drainage network, and filtering pollutants. An
ordinary lawn can be designed to hold a few inches of water for a few hours after a storm,
attracting birds and creating a landscape of diversity. Grass/vegetated swales can be integrated
with landscaping, providing an attractive, low maintenance, linear biofilter. Extended detention
(dry ponds) store water during storms, holding runoff to predevelopment levels. Pollutants
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settle and are removed from the water column before discharging to streams. Wet ponds serve a
similar purpose and can increase property values by providing a significant aesthetic, and
passive recreation opportunity.

Plant species selection is critical for proper functioning of infiltration areas. Proper selection of
plant materials can improve the infiltration potential of landscape areas. Deep-rooted plants
help to build soil porosity. Plant leaf-surface area helps to collect rainwater before it lands on
the soil, especially in light rains, increasing the overall water-holding potential of the landscape.

A large number of plant species will survive moist soils or periodic inundation. These plants
provide a wide range of choices for planted infiltration/detention basins and drainage swales.
Most inundated plants have a higher survival potential on well-drained alluvial soils than on fine
textured shallow soils or clays.

Maintenance Needs for Stormwater Systems

All landscape treatments require maintenance. Landscapes designed to perform stormwater
management functions are not necessarily more maintenance intensive than highly manicured
conventional landscapes. A concave lawn requires the same mowing, fertilizing, and weeding as
a convex one and often less irrigation because more rain is filtered into the underlying soil.
Sometimes infiltration basins may require a different kind of maintenance than conventionally
practiced.

Typical maintenance activities include periodic inspection of surface drainage systems to ensure
clear flow lines, repair of eroded surfaces, adjustment or repair of drainage structures, soil
cultivation or aeration, care of plant materials, replacement of dead plants, replenishment of
mulch cover, irrigation, fertilizing, pruning and mowing. In addition, dead or stressed
vegetation may indicate chemical dumping. Careful observation should be made of these areas
to determine if such a problem exists.

Landscape maintenance can have a significant impact on soil permeability and its ability to
support plant growth. Most plants concentrate the majority of their small absorbing roots in the
upper 6 in. of the soil surface if a mulch or forest litter protects the surface. If the soil is exposed
or bare, it can become so hot that surface roots will not grow in the upper 8 to 10 in. The
common practice of removing all leaf litter and detritus with leaf blowers creates a hard-crusted
soil surface of low permeability and high heat conduction. Proper mulching of the soil surface
improves water retention and infiltration, while protecting the surface root zone from
temperature extremes.

In addition to impacting permeability, landscape maintenance practices can have adverse effects
on water quality. Because commonly used fertilizers and herbicides are a source of organic
compounds, it is important to keep these practices to a minimum, and prevent overwatering.

When well maintained and designed, landscaped concave surfaces, infiltration basins, swales
and bioretention areas can add aesthetic value while providing the framework for
environmentally sound, comprehensive stormwater management systems.
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Street Trees

Trees improve water quality by intercepting and storing rainfall on leaves and branch surfaces,
thereby reducing runoff volumes and delaying the onset of peak flows. A single street tree can
have a total leaf surface area of several hundred to several thousand ft2, depending on species
and size. This aboveground surface area created by trees and other plants greatly contributes to
the water holding capacity of the land. They attenuate conveyance by increasing the soil’s
capacity to filter rainwater and reduce overland flow rates. By diminishing the impact of
raindrops on un-vegetated soil, trees reduce soil erosion. Street trees also have the ability to
reduce ambient temperature of stormwater runoff and absorb surface water pollutants.

When using street trees to achieve stormwater management goals, it is important to use tree
species with wide canopies. Street tree design criteria should specify species expected to attain
20 to 30 ft canopies at maturity. Planter strips with adequate width and depth of soil volume
are necessary to ensure tree vitality and reduce future maintenance. Structural soils also
provide rooting space for large trees and can be specified along narrow planter strips and
underneath sidewalks to enable continuous belowground soil and root connections.

3.2.5 Outdoor Work Areas

The site design and landscape details listed in previous sections are appropriate for uses where
low concentrations of pollutants can be mitigated through infiltration, retention, and detention.
Often in commercial and industrial sites, there are outdoor work areas in which a higher
concentration of pollutants exists, and thus a higher potential of pollutants infiltrating the soil.
These work areas often involve automobiles, equipment machinery, or other commercial and
industrial uses, and require special consideration.

Outdoor work areas are usually isolated elements in a larger development. Infiltration and
detention strategies are still appropriate for and can be applied to other areas of the site, such as
parking lots, landscape areas, employee use areas, and bicycle path. It is only the outdoor work
area within the development — such as the loading dock, fueling area, or equipment wash area —
that requires a different drainage approach. This drainage approach is often precisely the
opposite from the infiltration/detention strategy — in other words, collect and convey.

In these outdoor work areas, infiltration is discouraged and runoff is often routed directly to the
sanitary sewer, not the storm drain. Because this runoff is being added to the loads normally
received by the water treatment plants (publicly owned treatment works — POTWSs), it raises
several concerns that must be addressed in the planning and design stage. These include:

m  Higher flows that could exceed the sewer system capacity
m Catastrophic spills that may cause harm to POTW operation
m A potential increase in pollutants

These concerns can be addressed at policy, management, and site planning levels.
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Policy

Piping runoff and process water from outdoor work areas directly to the sanitary sewer for
treatment by a downstream POTW displaces the problem of reducing stormwater pollution.
Municipal stormwater programs and/or private developers can work with the local POTW to
develop solutions that minimize effects on the treatment facility. It should be noted that many
POTWs have traditionally prohibited the discharge of stormwater to their systems. However,
these prohibitions are being reviewed in light of the benefits possible from such diversions.

Management

Commercial and industrial sites that host special activities need to implement a pollution
prevention program minimizing hazardous material use and waste. For example, if restaurant
grease traps are directly connected to the sanitary sewer, proper management programs can
mitigate the amount of grease that escapes from the trap, clogging sewer systems and causing
overflows or damage to downstream systems.

Site Planning
Outdoor work areas can be designed in particular ways to reduce their impacts on both
stormwater quality and sewage treatment plants.

m Create an impermeable surface such as concrete or asphalt, or a prefabricated metal drip
pan, depending on the use.

m  Cover the area with a roof. This prevents rain from falling on the work area and becoming
polluted runoff.

m  Berm or mound around the perimeter of the area to prevent water from adjacent areas to
flow on to the surface of the work area.

m Directly connect runoff. Unlike other areas, runoff from these work areas is directly
connected to the sanitary sewer or other specialized containment systems. This allows the
more highly concentrated pollutants from these areas to receive special treatment that
removes particular constituents. Approval for this connection must be obtained from the
appropriate sanitary sewer agency.

m Locate the work area away from storm drains or catch basins. If the work area is adjacent to,
or directly upstream from a storm drain or landscape drainage feature (e.g., bioswales),
debris or liquids from the work area can migrate into the stormwater system.

m  Plan the work area to prevent run-on. This can be accomplished by raising the work area or
by diverting run-on around the work area.

These design elements are general considerations for work areas. In designing any outdoor
work area, evaluate local ordinances affecting the type of work area, as many local jurisdictions
have specific requirements.

Some activities are common to many commercial and industrial sites. These include garbage
and recycling, maintenance and storage, and loading. These activities can have a significant
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negative impact on stormwater quality, and require

special attention to the siting and design of the activity roof extends
area. S beyond curb

3.2.6 Maintenance and Storage
Areas

To reduce the possibility of contact with stormwater
runoff, maintenance and storage areas can be sited
away from drainage paths and waterways, and covered.
Implementing a regular maintenance plan for
sweeping, litter control, and spill cleanup also helps
prevent stormwater pollution.

impervious surface

drums on pallet

o l{}.?'n‘b'l’}“ rust

Specifying impermeable surfaces for vehicle and P

equipment maintenance areas will reduce the chance of sanitary sewer

pollutant infiltration. A concrete surface will usually

last much longer than an asphalt one, as vehicle fluids Figure 3-18
can either dissolve asphalt or be absorbed by the Material Storage
asphalt and released later. See Figure 3-18.

3.2.7 Vehicle and Equipment Washing Areas

It is generally advisable to cover areas used for regular washing of vehicles, trucks, or
equipment, surround them with a perimeter berm, and clearly mark them as a designated
washing area. Sumps or drain lines can be installed to collect wash water, which may be treated
for reuse or recycling, or for discharge to the sanitary sewer. The POTW may require some form
of pretreatment, such as a trap, for these areas.

Fueling and maintenance activities must be isolated from the vehicle washing facilities. These
activities have specific requirements, described later in this section.

Storage of bulk materials, fuels, oils, solvents, other chemicals, and process equipment should
be accommodated on an impervious surface covered with a roof. To reduce the chances of
corrosion, materials should not be stored directly on the ground, but supported by a wire mesh
or other flooring above the impervious pavement. In uncovered areas, drums or other
containers can be stored at a slight angle to prevent ponding of rainwater from rusting the lids.
Liquid containers should be stored in a designated impervious area that is roofed, fenced within
a berm, to prevent spills from flowing into the storm drain.

If hazardous materials are being used or stored, additional specific local, state, or federal
requirements may apply.

3.2.8 Loading Area

Loading areas and docks can be designed with a roof or overhang, and a surrounding curb or
berm. See Figure 3-19. The area should be graded to direct flow toward an inlet with a shutoff
valve or dead-end sump. The sump must be designed with enough capacity to hold a spill while
the valve is closed. If the sump has a valve, it must be kept in the closed position and require an

January 2003 California Stormwater BMP Handbook 3-15
Errata 9-04 New Development and Redevelopment
www.cabmphandbooks.com



Section 3
Site and Facility Design for Water Quality Protection

action to open it. All sumps must have a sealed bottom so they cannot infiltrate water.
Contaminated accumulated waste and liquid must not be discharged to a storm drain and may
be discharged to the sanitary sewer only with the POTW'’s permission. If the waste is not
approved for discharge to the sanitary sewer, it must be conveyed to a hazardous waste (or other
offsite disposal) facility, and may require pretreatment. Some specific uses have unique
requirements.

3.2.9 Trash Storage Areas

Areas designated for trash storage can be covered to protect containers from rainfall. Where
covering the trash storage area is not feasible, the area can be protected from run on using
grading and berms, and connected to the sanitary sewer to prevent leaks from leaving the
designated trash storage area enclosure.

3.2.10 Wash Areas

Areas designated for washing of floor mats, containers, exhaust filters, and similar items can be
covered and enclosed to protect the area from rainfall and from overspray leaving the area.
These areas can also be connected to the sanitary sewer to prevent wash waters from leaving the
designated enclosures. A benefit of covering and enclosing these areas is that vectors may be
reduced and aesthetics of the area improved.

3.2.11 Fueling Areas

In all vehicle and equipment fueling areas, plans must be developed for cleaning near fuel
dispensers, emergency spill cleanup, and routine inspections to prevent leaks and ensure
properly functioning equipment.

If the fueling activities are minor, fueling can be performed in a designated, covered, and
bermed area that will not allow run-on of stormwater or runoff of spills.

Retail gasoline outlets and vehicle fueling areas have specific design guidelines. These are
described in a Best Management Practice Guide for retail gasoline outlets developed by the
California Stormwater Quality Task Force, in cooperation with major gasoline corporations. The
practice guide addresses standards for existing, new, or substantially remodeled facilities. In
addition, some municipal stormwater permits require RGOs to provide appropriate runoff
treatment.

Fuel dispensing areas are defined as extending 6.5 ft from the corner of each fuel dispenser or
the length at which the hose and nozzle assembly may be operated plus 1 ft, whichever is less.
These areas must be paved with smooth impervious surfaces, such as Portland cement concrete,
with a 2-4% slope to prevent ponding, and must be covered. The cover must not drain onto the
work area. The rest of the site must separate the fuel dispensing area by a grade break that
prevents run-on of stormwater.

Within the gas station, the outdoor trash receptacle area (garbage and recycling), and the
air/water supply area must be paved and graded to prevent stormwater run-on. Trash
receptacles should be covered.
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Section 4

Source Control BMPs

4.1 Introduction

This section describes specific source control Best Management Practices (BMPs) to be
considered for incorporation into newly developed public and private infrastructure, as well as
retrofit into existing facilities to meet stormwater management objectives.

4.2 BMP Fact Sheets Table 4-1  Source Control BMPs for
Source control fact sheets for design are listed in Design

Table 4-1. The fact sheets detail planning Design

methods and concepts that should be taken into SD-10 Site Design and Landscape Planning
consideration by developers during project SD-11 Roof Runoff Controls

design. The fact sheets are arranged in three SD-12 Efficient Irrigation

categories: those that have to do with landscape, - -
SD-13 Storm Drain System Signs

irrigation, and signage considerations; those that

have to do with use of particular materials; and Materials

those that have to do with design of particular SD-20 | Pervious Pavements

areas. SD-21 Alternative Building Materials
Areas

4.3 Fact Sheet Format

SD-30 Fueling Areas

A BMP fact sheet is a short document that SD-31 | Maintenance Bays and Docks

provides information about a particular BMP.
SD-32 Trash Enclosures

Typically, each fact sheet contains the
information outlined in Figure 4-1. Supplemental | SP-33 | Vehicle Washing Areas

information is provided if it is available. The fact | SD-34 Outdoor Material Storage Areas

sheets also contain side bar presentations with SD-35 Outdoor Work Areas

information on BMP design objectives.

SD-36 Outdoor Processing Areas

Completed fact sheets for each of the above
activities are provided in Section 4.4.

SDxx Example Fact Sheet 4.4 BMP Fact Sheets

Source Control BMP Fact Sheets for design follow.
Description of the BMP The BMP fact sheets are individually page numbered
Approach and are suitable for photocopying and inclusion in
Suitable Applications stormwater quality management plans. Fresh copies

Design Considerations
m  Designing New Installations

of the fact sheets can be individually downloaded from
the California Stormwater BMP Handbook website at

m  Redeveloping Existing Installations www.cabmphandbooks.com.

Supplemental Information

m  Examples

m  Other Resources

Figure 4-1
Example Fact Sheet
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Site Design & Landscape Planning SD-10

Design Objectives

Maximize Infiltration
Provide Retention

Slow Runoff

N RNM™

Minimize Impervious Land
Coverage

Prohibit Dumping of Improper
Materials

Contain Pollutants

Collect and Convey

Description

Each project site possesses unique topographic, hydrologic, and vegetative features, some of
which are more suitable for development than others. Integrating and incorporating
appropriate landscape planning methodologies into the project design is the most effective
action that can be done to minimize surface and groundwater contamination from stormwater.

Approach

Landscape planning should couple consideration of land suitability for urban uses with
consideration of community goals and projected growth. Project plan designs should conserve
natural areas to the extent possible, maximize natural water storage and infiltration
opportunities, and protect slopes and channels.

Suitable Applications
Appropriate applications include residential, commercial and industrial areas planned for
development or redevelopment.

Design Considerations

Design requirements for site design and landscapes planning
should conform to applicable standards and specifications of
agencies with jurisdiction and be consistent with applicable
General Plan and Local Area Plan policies.

CALIFORNIA STORMWATE
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SD-10_Site Design & Landscape Planning

Designing New Installations

Begin the development of a plan for the landscape unit with attention to the following general
principles:

m Formulate the plan on the basis of clearly articulated community goals. Carefully identify
conflicts and choices between retaining and protecting desired resources and community
growth.

m  Map and assess land suitability for urban uses. Include the following landscape features in
the assessment: wooded land, open unwooded land, steep slopes, erosion-prone soils,
foundation suitability, soil suitability for waste disposal, aquifers, aquifer recharge areas,
wetlands, floodplains, surface waters, agricultural lands, and various categories of urban
land use. When appropriate, the assessment can highlight outstanding local or regional
resources that the community determines should be protected (e.g., a scenic area,
recreational area, threatened species habitat, farmland, fish run). Mapping and assessment
should recognize not only these resources but also additional areas needed for their
sustenance.

Project plan designs should conserve natural areas to the extent possible, maximize natural
water storage and infiltration opportunities, and protect slopes and channels.

Conserve Natural Areas during Landscape Planning

If applicable, the following items are required and must be implemented in the site layout
during the subdivision design and approval process, consistent with applicable General Plan and
Local Area Plan policies:

m  Cluster development on least-sensitive portions of a site while leaving the remaining land in
a natural undisturbed condition.

m Limit clearing and grading of native vegetation at a site to the minimum amount needed to
build lots, allow access, and provide fire protection.

m  Maximize trees and other vegetation at each site by planting additional vegetation, clustering
tree areas, and promoting the use of native and/or drought tolerant plants.

m  Promote natural vegetation by using parking lot islands and other landscaped areas.
m  Preserve riparian areas and wetlands.

Maximize Natural Water Storage and Infiltration Opportunities Within the Landscape Unit

m  Promote the conservation of forest cover. Building on land that is already deforested affects
basin hydrology to a lesser extent than converting forested land. Loss of forest cover reduces
interception storage, detention in the organic forest floor layer, and water losses by
evapotranspiration, resulting in large peak runoff increases and either their negative effects
or the expense of countering them with structural solutions.

m  Maintain natural storage reservoirs and drainage corridors, including depressions, areas of
permeable soils, swales, and intermittent streams. Develop and implement policies and
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Site Design & Landscape Planning SD-10

regulations to discourage the clearing, filling, and channelization of these features. Utilize
them in drainage networks in preference to pipes, culverts, and engineered ditches.

m Evaluating infiltration opportunities by referring to the stormwater management manual for
the jurisdiction and pay particular attention to the selection criteria for avoiding
groundwater contamination, poor soils, and hydrogeological conditions that cause these
facilities to fail. If necessary, locate developments with large amounts of impervious
surfaces or a potential to produce relatively contaminated runoff away from groundwater
recharge areas.

Protection of Slopes and Channels during Landscape Design
m  Convey runoff safely from the tops of slopes.

= Avoid disturbing steep or unstable slopes.

= Avoid disturbing natural channels.

m  Stabilize disturbed slopes as quickly as possible.

m Vegetate slopes with native or drought tolerant vegetation.

m  Control and treat flows in landscaping and/or other controls prior to reaching existing
natural drainage systems.

m  Stabilize temporary and permanent channel crossings as quickly as possible, and ensure that
increases in run-off velocity and frequency caused by the project do not erode the channel.

m Install energy dissipaters, such as riprap, at the outlets of new storm drains, culverts,
conduits, or channels that enter unlined channels in accordance with applicable
specifications to minimize erosion. Energy dissipaters shall be installed in such a way as to
minimize impacts to receiving waters.

m Line on-site conveyance channels where appropriate, to reduce erosion caused by increased
flow velocity due to increases in tributary impervious area. The first choice for linings
should be grass or some other vegetative surface, since these materials not only reduce
runoff velocities, but also provide water quality benefits from filtration and infiltration. If
velocities in the channel are high enough to erode grass or other vegetative linings, riprap,
concrete, soil cement, or geo-grid stabilization are other alternatives.

m  Consider other design principles that are comparable and equally effective.

Redeveloping Existing Installations

Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.)
define “redevelopment” in terms of amounts of additional impervious area, increases in gross
floor area and/or exterior construction, and land disturbing activities with structural or
impervious surfaces. The definition of “ redevelopment” must be consulted to determine
whether or not the requirements for new development apply to areas intended for
redevelopment. If the definition applies, the steps outlined under “designing new installations”
above should be followed.
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SD-10_Site Design & Landscape Planning

Redevelopment may present significant opportunity to add features which had not previously
been implemented. Examples include incorporation of depressions, areas of permeable soils,
and swales in newly redeveloped areas. While some site constraints may exist due to the status
of already existing infrastructure, opportunities should not be missed to maximize infiltration,
slow runoff, reduce impervious areas, disconnect directly connected impervious areas.

Other Resources

A Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County
Department of Public Works, May 2002.

Stormwater Management Manual for Western Washington, Washington State Department of
Ecology, August 200L1.

Model Standard Urban Storm Water Mitigation Plan (SUSMP) for San Diego County, Port of
San Diego, and Cities in San Diego County, February 14, 2002.

Model Water Quality Management Plan (WQMP) for County of Orange, Orange County Flood
Control District, and the Incorporated Cities of Orange County, Draft February 2003.

Ventura Countywide Technical Guidance Manual for Stormwater Quality Control Measures,
July 2002.
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Roof Runoff Controls SD-11

Design Objectives

M  Maximize Infiltration
M Provide Retention
M  Slow Runoff

Minimize Impervious Land
Coverage

Prohibit Dumping of Improper
Materials

M Contain Pollutants

Collect and Convey

Rain Garden

Description

Various roof runoff controls are available to address stormwater

that drains off rooftops. The objective is to reduce the total volume and rate of runoff from
individual lots, and retain the pollutants on site that may be picked up from roofing materials
and atmospheric deposition. Roof runoff controls consist of directing the roof runoff away from
paved areas and mitigating flow to the storm drain system through one of several general
approaches: cisterns or rain barrels; dry wells or infiltration trenches; pop-up emitters, and
foundation planting. The first three approaches require the roof runoff to be contained in a
gutter and downspout system. Foundation planting provides a vegetated strip under the drip
line of the roof.

Approach

Design of individual lots for single-family homes as well as lots for higher density residential and
commercial structures should consider site design provisions for containing and infiltrating roof
runoff or directing roof runoff to vegetative swales or buffer areas. Retained water can be reused
for watering gardens, lawns, and trees. Benefits to the environment include reduced demand for
potable water used for irrigation, improved stormwater quality, increased groundwater
recharge, decreased runoff volume and peak flows, and decreased flooding potential.

Suitable Applications

Appropriate applications include residential, commercial and industrial areas planned for
development or redevelopment.

Design Considerations

Designing New Installations

Cisterns or Rain Barrels

One method of addressing roof runoff is to direct roof downspouts
to cisterns or rain barrels. A cistern is an above ground storage
vessel with either a manually operated valve or a permanently
open outlet. Roof runoff is temporarily stored and then released
for irrigation or infiltration between storms. The number of rain

CALIFORNIA STORMWATER
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SD-11 Roof Runoff Controls

barrels needed is a function of the rooftop area. Some low impact developers recommend that
every house have at least 2 rain barrels, with a minimum storage capacity of 1000 liters. Roof
barrels serve several purposes including mitigating the first flush from the roof which has a high
volume, amount of contaminants, and thermal load. Several types of rain barrels are
commercially available. Consideration must be given to selecting rain barrels that are vector
proof and childproof. In addition, some barrels are designed with a bypass valve that filters out
grit and other contaminants and routes overflow to a soak-away pit or rain garden.

If the cistern has an operable valve, the valve can be closed to store stormwater for irrigation or
infiltration between storms. This system requires continual monitoring by the resident or
grounds crews, but provides greater flexibility in water storage and metering. If a cistern is
provided with an operable valve and water is stored inside for long periods, the cistern must be
covered to prevent mosquitoes from breeding.

A cistern system with a permanently open outlet can also provide for metering stormwater
runoff. If the cistern outlet is significantly smaller than the size of the downspout inlet (say ¥a to
% inch diameter), runoff will build up inside the cistern during storms, and will empty out
slowly after peak intensities subside. This is a feasible way to mitigate the peak flow increases
caused by rooftop impervious land coverage, especially for the frequent, small storms.

Dry wells and Infiltration Trenches

Roof downspouts can be directed to dry wells or infiltration trenches. A dry well is constructed
by excavating a hole in the ground and filling it with an open graded aggregate, and allowing the
water to fill the dry well and infiltrate after the storm event. An underground connection from
the downspout conveys water into the dry well, allowing it to be stored in the voids. To
minimize sedimentation from lateral soil movement, the sides and top of the stone storage
matrix can be wrapped in a permeable filter fabric, though the bottom may remain open. A
perforated observation pipe can be inserted vertically into the dry well to allow for inspection
and maintenance.

In practice, dry wells receiving runoff from single roof downspouts have been successful over
long periods because they contain very little sediment. They must be sized according to the
amount of rooftop runoff received, but are typically 4 to 5 feet square, and 2 to 3 feet deep, with
a minimum of 1-foot soil cover over the top (maximum depth of 10 feet).

To protect the foundation, dry wells must be set away from the building at least 10 feet. They
must be installed in solids that accommodate infiltration. In poorly drained soils, dry wells have
very limited feasibility.

Infiltration trenches function in a similar manner and would be particularly effective for larger
roof areas. An infiltration trench is a long, narrow, rock-filled trench with no outlet that receives
stormwater runoff. These are described under Treatment Controls.

Pop-up Drainage Emitter

Roof downspouts can be directed to an underground pipe that daylights some distance from the
building foundation, releasing the roof runoff through a pop-up emitter. Similar to a pop-up
irrigation head, the emitter only opens when there is flow from the roof. The emitter remains
flush to the ground during dry periods, for ease of lawn or landscape maintenance.
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Roof Runoff Controls SD-11

Foundation Planting

Landscape planting can be provided around the base to allow increased opportunities for
stormwater infiltration and protect the soil from erosion caused by concentrated sheet flow
coming off the roof. Foundation plantings can reduce the physical impact of water on the soil
and provide a subsurface matrix of roots that encourage infiltration. These plantings must be
sturdy enough to tolerate the heavy runoff sheet flows, and periodic soil saturation.

Redeveloping Existing Installations

Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.)
define “redevelopment” in terms of amounts of additional impervious area, increases in gross
floor area and/or exterior construction, and land disturbing activities with structural or
impervious surfaces. The definition of “ redevelopment” must be consulted to determine
whether or not the requirements for new development apply to areas intended for
redevelopment. If the definition applies, the steps outlined under “designing new installations
above should be followed.

Supplemental Information
Examples
m City of Ottawa’s Water Links Surface —Water Quality Protection Program

m City of Toronto Downspout Disconnection Program
m City of Boston, MA, Rain Barrel Demonstration Program

Other Resources

Hager, Marty Catherine, Stormwater, “Low-Impact Development”, January/February 2003.
www.stormh2o.com

Low Impact Urban Design Tools, Low Impact Development Design Center, Beltsville, MD.
www.lid-stormwater.net

Start at the Source, Bay Area Stormwater Management Agencies Association, 1999 Edition
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Efficient Irrigation SD-12

Design Objectives

M  Maximize Infiltration
M Provide Retention
M  Slow Runoff

Minimize Impervious Land
Coverage

Prohibit Dumping of Improper
Materials

Contain Pollutants

Collect and Convey

Description
Irrigation water provided to landscaped areas may result in excess irrigation water being
conveyed into stormwater drainage systems.

Approach

Project plan designs for development and redevelopment should include application methods of
irrigation water that minimize runoff of excess irrigation water into the stormwater conveyance
system.

Suitable Applications

Appropriate applications include residential, commercial and industrial areas planned for
development or redevelopment. (Detached residential single-family homes are typically
excluded from this requirement.)

Design Considerations
Designing New Installations

The following methods to reduce excessive irrigation runoff should be considered, and
incorporated and implemented where determined applicable and feasible by the Permittee:

m  Employ rain-triggered shutoff devices to prevent irrigation after precipitation.
m  Design irrigation systems to each landscape area’s specific water requirements.

m Include design featuring flow reducers or shutoff valves
triggered by a pressure drop to control water loss in the event
of broken sprinkler heads or lines.

m Implement landscape plans consistent with County or City
water conservation resolutions, which may include provision
of water sensors, programmable irrigation times (for short
cycles), etc.

CALIFORNIA STORMWATER
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SD-12 Efficient Irrigation

m  Design timing and application methods of irrigation water to minimize the runoff of excess
irrigation water into the storm water drainage system.

m  Group plants with similar water requirements in order to reduce excess irrigation runoff and
promote surface filtration. Choose plants with low irrigation requirements (for example,
native or drought tolerant species). Consider design features such as:

- Using mulches (such as wood chips or bar) in planter areas without ground cover to
minimize sediment in runoff

- Installing appropriate plant materials for the location, in accordance with amount of
sunlight and climate, and use native plant materials where possible and/or as
recommended by the landscape architect

- Leaving a vegetative barrier along the property boundary and interior watercourses, to
act as a pollutant filter, where appropriate and feasible

- Choosing plants that minimize or eliminate the use of fertilizer or pesticides to sustain
growth

m  Employ other comparable, equally effective methods to reduce irrigation water runoff.

Redeveloping Existing Installations

Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.)
define “redevelopment” in terms of amounts of additional impervious area, increases in gross
floor area and/or exterior construction, and land disturbing activities with structural or
impervious surfaces. The definition of “ redevelopment” must be consulted to determine
whether or not the requirements for new development apply to areas intended for
redevelopment. If the definition applies, the steps outlined under “designing new installations”
above should be followed.

Other Resources

A Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County
Department of Public Works, May 2002.

Model Standard Urban Storm Water Mitigation Plan (SUSMP) for San Diego County, Port of
San Diego, and Cities in San Diego County, February 14, 2002.

Model Water Quality Management Plan (WQMP) for County of Orange, Orange County Flood
Control District, and the Incorporated Cities of Orange County, Draft February 2003.

Ventura Countywide Technical Guidance Manual for Stormwater Quality Control Measures,
July 2002.
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Storm Drain Sighage SD-13

Design Objectives

Maximize Infiltration
Provide Retention
Slow Runoff

Minimize Impervious Land
Coverage

M Prohibit Dumping of Improper
Materials

Contain Pollutants

Collect and Convey

Description

Waste materials dumped into storm drain inlets can have severe impacts on receiving and
ground waters. Posting notices regarding discharge prohibitions at storm drain inlets can
prevent waste dumping. Storm drain signs and stencils are highly visible source controls that
are typically placed directly adjacent to storm drain inlets.

Approach

The stencil or affixed sign contains a brief statement that prohibits dumping of improper
materials into the urban runoff conveyance system. Storm drain messages have become a
popular method of alerting the public about the effects of and the prohibitions against waste
disposal.

Suitable Applications

Stencils and signs alert the public to the destination of pollutants discharged to the storm drain.
Signs are appropriate in residential, commercial, and industrial areas, as well as any other area
where contributions or dumping to storm drains is likely.

Design Considerations

Storm drain message markers or placards are recommended at all storm drain inlets within the
boundary of a development project. The marker should be placed in clear sight facing toward
anyone approaching the inlet from either side. All storm drain inlet locations should be
identified on the development site map.

Designing New Installations

The following methods should be considered for inclusion in the
project design and show on project plans:

m  Provide stenciling or labeling of all storm drain inlets and
catch basins, constructed or modified, within the project area
with prohibitive language. Examples include “NO DUMPING

CALIFORNIA STORMWATER
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SD-13 Storm Drain Sighage

— DRAINS TO OCEAN” and/or other graphical icons to discourage illegal dumping.

m  Post signs with prohibitive language and/or graphical icons, which prohibit illegal dumping
at public access points along channels and creeks within the project area.

Note - Some local agencies have approved specific signage and/or storm drain message placards
for use. Consult local agency stormwater staff to determine specific requirements for placard
types and methods of application.

Redeveloping Existing Installations

Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.)
define “redevelopment” in terms of amounts of additional impervious area, increases in gross
floor area and/or exterior construction, and land disturbing activities with structural or
impervious surfaces. If the project meets the definition of “redevelopment”, then the
requirements stated under “ designing new installations” above should be included in all project
design plans.

Additional Information
Maintenance Considerations

m Legibility of markers and signs should be maintained. If required by the agency with
jurisdiction over the project, the owner/operator or homeowner’s association should enter
into a maintenance agreement with the agency or record a deed restriction upon the
property title to maintain the legibility of placards or signs.

Placement
m  Signage on top of curbs tends to weather and fade.

m Signage on face of curbs tends to be worn by contact with vehicle tires and sweeper brooms.

Supplemental Information
Examples

m  Most MS4 programs have storm drain signage programs. Some MS4 programs will provide
stencils, or arrange for volunteers to stencil storm drains as part of their outreach program.

Other Resources

A Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County
Department of Public Works, May 2002.

Model Standard Urban Storm Water Mitigation Plan (SUSMP) for San Diego County, Port of
San Diego, and Cities in San Diego County, February 14, 2002.

Model Water Quality Management Plan (WQMP) for County of Orange, Orange County Flood
Control District, and the Incorporated Cities of Orange County, Draft February 2003.

Ventura Countywide Technical Guidance Manual for Stormwater Quality Control Measures,
July 2002.
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Pervious Pavements SD-20

Design Objectives

Maximize Infiltration
Provide Retention
Slow Runoff

Minimize Impervious Land
Coverage

Prohibit Dumping of Improper
Materials

N RN

Contain Pollutants

Collect and Convey

Description

Pervious paving is used for light vehicle loading in parking areas. The term describes a system
comprising a load-bearing, durable surface together with an underlying layered structure that
temporarily stores water prior to infiltration or drainage to a controlled outlet. The surface can
itself be porous such that water infiltrates across the entire surface of the material (e.g., grass
and gravel surfaces, porous concrete and porous asphalt), or can be built up of impermeable
blocks separated by spaces and joints, through which the water can drain. This latter system is
termed ‘permeable’ paving. Advantages of pervious pavements is that they reduce runoff
volume while providing treatment, and are unobtrusive resulting in a high level of acceptability.

Approach

Attenuation of flow is provided by the storage within the underlying structure or sub base,
together with appropriate flow controls. An underlying geotextile may permit groundwater
recharge, thus contributing to the restoration of the natural water cycle. Alternatively, where
infiltration is inappropriate (e.g., if the groundwater vulnerability is high, or the soil type is
unsuitable), the surface can be constructed above an impermeable membrane. The system offers
a valuable solution for drainage of spatially constrained urban areas.

Significant attenuation and improvement in water quality can be achieved by permeable
pavements, whichever method is used. The surface and subsurface infrastructure can remove
both the soluble and fine particulate pollutants that occur within urban runoff. Roof water can
be piped into the storage area directly, adding areas from which the flow can be attenuated.
Also, within lined systems, there is the opportunity for stored runoff to be piped out for reuse.

Suitable Applications

Residential, commercial and industrial applications are possible.
The use of permeable pavement may be restricted in cold regions,
arid regions or regions with high wind erosion. There are some
specific disadvantages associated with permeable pavement,
which are as follows:
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m  Permeable pavement can become clogged if improperly installed or maintained. However,
this is countered by the ease with which small areas of paving can be cleaned or replaced
when blocked or damaged.

m  Their application should be limited to highways with low traffic volumes, axle loads and
speeds (less than 30 mph limit), car parking areas and other lightly trafficked or non-
trafficked areas. Permeable surfaces are currently not considered suitable for adoptable
roads due to the risks associated with failure on high speed roads, the safety implications of
ponding, and disruption arising from reconstruction.

m  When using un-lined, infiltration systems, there is some risk of contaminating groundwater,
depending on soil conditions and aquifer susceptibility. However, this risk is likely to be
small because the areas drained tend to have inherently low pollutant loadings.

m  The use of permeable pavement is restricted to gentle slopes.
m  Porous block paving has a higher risk of abrasion and damage than solid blocks.

Design Considerations

Designing New Installations

If the grades, subsoils, drainage characteristics, and groundwater conditions are suitable,
permeable paving may be substituted for conventional pavement on parking areas, cul de sacs
and other areas with light traffic. Slopes should be flat or very gentle. Scottish experience has
shown that permeable paving systems can be installed in a wide range of ground conditions, and
the flow attenuation performance is excellent even when the systems are lined.

The suitability of a pervious system at a particular pavement site will, however, depend on the
loading criteria required of the pavement.

Where the system is to be used for infiltrating drainage waters into the ground, the vulnerability
of local groundwater sources to pollution from the site should be low, and the seasonal high
water table should be at least 4 feet below the surface.

Ideally, the pervious surface should be horizontal in order to intercept local rainfall at source.
On sloping sites, pervious surfaces may be terraced to accommodate differences in levels.

Design Guidelines

The design of each layer of the pavement must be determined by the likely traffic loadings and
their required operational life. To provide satisfactory performance, the following criteria
should be considered:

m  The subgrade should be able to sustain traffic loading without excessive deformation.

m  The granular capping and sub-base layers should give sufficient load-bearing to provide an
adequate construction platform and base for the overlying pavement layers.

m  The pavement materials should not crack of suffer excessive rutting under the influence of
traffic. This is controlled by the horizontal tensile stress at the base of these layers.
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There is no current structural design method specifically for pervious pavements. Allowances
should be considered the following factors in the design and specification of materials:

m  Pervious pavements use materials with high permeability and void space. All the current UK
pavement design methods are based on the use of conventional materials that are dense and
relatively impermeable. The stiffness of the materials must therefore be assessed.

m  Water is present within the construction and can soften and weaken materials, and this must
be allowed for.

m  Existing design methods assume full friction between layers. Any geotextiles or
geomembranes must be carefully specified to minimize loss of friction between layers.

m  Porous asphalt loses adhesion and becomes brittle as air passes through the voids. Its
durability is therefore lower than conventional materials.

The single sized grading of materials used means that care should be taken to ensure that loss of
finer particles between unbound layers does not occur.

Positioning a geotextile near the surface of the pervious construction should enable pollutants to
be trapped and retained close to the surface of the construction. This has both advantages and
disadvantages. The main disadvantage is that the filtering of sediments and their associated
pollutants at this level may hamper percolation of waters and can eventually lead to surface
ponding. One advantage is that even if eventual maintenance is required to reinstate
infiltration, only a limited amount of the construction needs to be disturbed, since the sub-base
below the geotextile is protected. In addition, the pollutant concentration at a high level in the
structure allows for its release over time. It is slowly transported in the stormwater to lower
levels where chemical and biological processes may be operating to retain or degrade pollutants.

The design should ensure that sufficient void space exists for the storage of sediments to limit
the period between remedial works.

m  Pervious pavements require a single size grading to give open voids. The choice of materials
is therefore a compromise between stiffness, permeability and storage capacity.

m  Because the sub-base and capping will be in contact with water for a large part of the time,
the strength and durability of the aggregate particles when saturated and subjected to
wetting and drying should be assessed.

m A uniformly graded single size material cannot be compacted and is liable to move when
construction traffic passes over it. This effect can be reduced by the use of angular crushed
rock material with a high surface friction.

In pollution control terms, these layers represent the site of long term chemical and biological
pollutant retention and degradation processes. The construction materials should be selected,
in addition to their structural strength properties, for their ability to sustain such processes. In
general, this means that materials should create neutral or slightly alkaline conditions and they
should provide favorable sites for colonization by microbial populations.
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Construction/Inspection Considerations
m  Permeable surfaces can be laid without cross-falls or longitudinal gradients.

m  The blocks should be lain level

m  They should not be used for storage of site materials, unless the surface is well protected
from deposition of silt and other spillages.

m  The pavement should be constructed in a single operation, as one of the last items to be
built, on a development site. Landscape development should be completed before pavement
construction to avoid contamination by silt or soil from this source.

m  Surfaces draining to the pavement should be stabilized before construction of the pavement.

m Inappropriate construction equipment should be kept away from the pavement to prevent
damage to the surface, sub-base or sub-grade.

Maintenance Requirements

The maintenance requirements of a pervious surface should be reviewed at the time of design
and should be clearly specified. Maintenance is required to prevent clogging of the pervious
surface. The factors to be considered when defining maintenance requirements must include:

m  Type of use

m  Ownership

m Level of trafficking

m  The local environment and any contributing catchments

Studies in the UK have shown satisfactory operation of porous pavement systems without
maintenance for over 10 years and recent work by Imbe et al. at 9th ICUD, Portland, 2002
describes systems operating for over 20 years without maintenance. However, performance
under such regimes could not be guaranteed, Table 1 shows typical recommended maintenance
regimes:

4 of 10 California Stormwater BMP Handbook January 2003
New Development and Redevelopment
www.cabmphandbooks.com



Pervious Pavements SD-20

Table 1 Typical Recommended Maintenance Regimes
Activity Schedule

m  Minimize use of salt or grit for de-icing
m Keep landscaped areas well maintained Ongoing

m Prevent soil being washed onto pavement

m Vacuum clean surface using commercially available sweeping
machines at the following times:

- End of winter (April) 2/3 x per year
- Mid-summer (July / August)

- After Autumn leaf-fall (November)

m Inspect outlets Annual

m If routine cleaning does not restore infiltration rates, then
reconstruction of part of the whole of a pervious surface may be
required.

m The surface area affected by hydraulic failure should be lifted for
inspection of the internal materials to identify the location and

extent of the blockage. As needed (infrequent)

Maximum 15-20 years
m Surface materials should be lifted and replaced after brush
cleaning. Geotextiles may need complete replacement.

m  Sub-surface layers may need cleaning and replacing.

m Removed silts may need to be disposed of as controlled waste.

Permeable pavements are up to 25 % cheaper (or at least no more expensive than the traditional
forms of pavement construction), when all construction and drainage costs are taken into
account. (Accepting that the porous asphalt itself is a more expensive surfacing, the extra cost of
which is offset by the savings in underground pipework etc.) (Niemczynowicz, et al., 1987)

Table 1 gives US cost estimates for capital and maintenance costs of porous pavements
(Landphair et al., 2000)

Redeveloping Existing Installations

Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.)
define “redevelopment” in terms of amounts of additional impervious area, increases in gross
floor area and/or exterior construction, and land disturbing activities with structural or
impervious surfaces. The definition of “ redevelopment” must be consulted to determine
whether or not the requirements for new development apply to areas intended for
redevelopment. If the definition applies, the steps outlined under “designing new installations”
above should be followed.
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Additional Information

Cost Considerations

Permeable pavements are up to 25 % cheaper (or at least no more expensive than the traditional
forms of pavement construction), when all construction and drainage costs are taken into
account. (Accepting that the porous asphalt itself is a more expensive surfacing, the extra cost of
which is offset by the savings in underground pipework etc.) (Niemczynowicz, et al., 1987)

Table 2 gives US cost estimates for capital and maintenance costs of porous pavements
(Landphair et al., 2000)
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SD-20 Pervious Pavements
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Schematics of a Pervious Pavement System
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Design Objectives

M  Maximize Infiltration
M Provide Retention
M  Source Control

Minimize Impervious Land
Coverage

Prohibit Dumping of Improper
Materials

Contain Pollutant

Collect and Convey

Description

Alternative building materials are selected instead of conventional materials for new
construction and renovation. These materials reduce potential sources of pollutants in
stormwater runoff by eliminating compounds that can leach into runoff, reducing the need for
pesticide application, reducing the need for painting and other maintenance, or by reducing the
volume of runoff.

Approach

Alternative building materials are available for use as lumber for decking, roofing materials,
home siding, and paving for driveways, decks, and sidewalks.

Suitable Applications

Appropriate applications include residential, commercial and industrial areas planned for
development or redevelopment.

Design Considerations
Designing New Installations
Decking

One of the most common materials for construction of decks and other outdoor construction has
traditionally been pressure treated wood, which is now being phased out. The standard
treatment is called CCA, for chromated copper arsenate. The key ingredients are arsenic (which
kills termites, carpenter ants and other insects), copper (which
kills the fungi that cause wood to rot) and chromium (which reacts
with the other ingredients to bind them to the wood). The amount
of arsenic is far from trivial. A deck just 8 feet x 10 feet contains
more than 1 1/3 pounds of this highly potent poison. Replacement
materials include a new type of pressure treated wood, plastic and
composite lumber.

CALIFORNIA STORMWATER
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There are currently over 20 products in the market consisting of plastic or plastic-wood
composites. Plastic lumber is made from 100% recycled plastic, # 2 HDPE and polyethylene
plastic milk jugs and soap bottles. Plastic-wood composites are a combination of plastic and
wood fibers or sawdust. These materials are a long lasting exterior weather, insect, and chemical
resistant wood lumber replacement for non structural applications. Use it for decks, docks,
raised garden beds and planter boxes, pallets, hand railings, outdoor furniture, animal pens,
boat decks, etc.

New pressure treated wood uses a much safer recipe, ACQ, which stands for ammoniacal copper
quartenary. It contains no arsenic and no chromium. Yet the American Wood Preservers
Association has found it to be just as effective as the standard formula. ACQ is common in Japan
and Europe.

Roofing

Several studies have indicated that metal used as roofing material, flashing, or gutters can leach
metals into the environment. The leaching occurs because rainfall is slightly acidic and slowly
dissolved the exposed metals. Common traditional applications include copper sheathing and
galvanized (zinc) gutters.

Coated metal products are available for both roofing and gutter applications. These products
eliminate contact of bare metal with rainfall, eliminating one source of metals in runoff. There
are also roofing materials made of recycled rubber and plastic that resemble traditional
materials.

A less traditional approach is the use of green roofs. These roofs are not just green, they're alive.
Planted with grasses and succulents, low- profile green roofs reduce the urban heat island effect,
stormwater runoff, and cooling costs, while providing wildlife habitat and a connection to nature
for building occupants. These roofs are widely used on industrial facilities in Europe and have
been established as experimental installations in several locations in the US, including Portland,
Oregon. Their feasibility is