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Introduction by the Consulting Engineers and Land
Surveyors of California (CELSOC)

BASMAA’s second edition of “Start at the Source” focuses on
the importance of considering storm water quality in the early
stages of planning and designing new land development projects.

The implementation of permanent “best management practices”
is the most recent newcomer to a list of activities which have
stormwater quality as their goal. These efforts include height-
ening public awareness, care in construction practices, and the
dedication of public agencies to increased maintenance efforts
related to stormwater quality.

The planning of new projects is not only an activity conducted
by planning and engineering professionals, it is equally an ef-
fort on the part of cities and counties to make sometimes-diffi-
cult choices among public benefits, which are often mutually
exclusive. This process involves local agencies deciding what is
most important to their community within a range of project
acceptability and feasibility. Many of these conflicting issues
are pertinent to the subject at hand, and are touched on in this
guidance manual.

* Providing compact development may conflict with the idea of

minimizing impervious area

* Engineering solutions to high groundwater and expansive soils con-
flict with the desire to trap and percolate storm drainage;

* Clustering residential density often conflicts with demonstrated
preferences of homebuyers

* Reduced pavement widths often conflict with public safety issues

* The ideal of alternative means of transportation conflicts with
Americans’ love of their automotive freedom;

* The ever growing demand on limited public funds makes the
maintenance of new pollution control systems difficult.

Most of all, the need for viable new development projects can
conflict with local, regional, and other agencies’ unfortunate
vision of new growth as a source of revenue to help solve social
and environmental problems which were either created by past
practices or are more reasonably the responsibility of society in
general. These “legacies” include diminishing wetlands, endan-
gered species, school funding shortfalls, deteriorating transpor-
tation systems, lack of low cost housing, and even demands for
child care. Adding stormwater quality to this list must be re-
sisted.

We encourage Federal, State, and especially local agencies con-
sidering these guidelines to proceed in partnership with all sec-
tors of private business and with the professional planning and
engineering community to provide reasonable, equitable, respon-

sible and cost effective means of improving water quality.

Rodney T. Andrade

subcommittee chairman

Consvulting Engineers and Land Surveyors
of California

Consulting Engineers and Land Surveyors of California (CELSOC) is a statewide
association of 850 professional engineering and land surveying firms in private
practice which are dedicated to enhancing the consulting engineering and land
surveying professions and protecting the general public.

vi
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Introduction by the American Society of

Landscape Architects

Landscape architects are involved with design issues at every
scale, from the setting of a catch basin to the layout of new
towns. They deal principally with making places between build-
ings and the systems that link buildings and people together on
the land. At the core of this place-making is grading and drain-
age— the shaping of the land to manage stormwater and accom-
modate human use.

Historically, grading and drainage design has largely neglected
the environmental implications of stormwater runoff. In the
past few years, we have begun to recognize the effect of storm-
water runoff on environmental quality, especially on watershed
and stream health. Today’s designers must consider not only
flood control and protection of property, but also how to mini-
mize the creation of new runoff, and how to minimize the pol-

lutants carried in that runoff.

The link between development and the quality of our environ-
ment is becoming increasingly evident. Though considerable

professional attention has been given to direct stream and wet-
land protection, strategies for minimizing impacts of new de-
velopment on watersheds have been less well articulated. This
manual is an important step in showing how watershed protec-
tion can be achieved in urban and suburban development.

Through its integrative approach and illustrative method, “Start
at the Source” shows how new development can be designed
and built to meet functional and market demands while pro-
tecting water resources. It balances broad concepts with practi-
cal details. It provides a rationale for the design of places and
the selection of building materials. It bridges the traditional gap
between landscape architecture and civil engineering.

Finally, and perhaps most importantly, it shows how drainage
systems can be integrated into overall site planning and land-
scape architecture to form the basis of practical, cost-effective,

environmentally responsible, and aesthetically pleasing design.

Jim Dalton, Executive Vice President

American Society of Landscape Architects

The American Society of Landscape Architects is a professional association of
over 11,000 members whose mission is “the advancement of the art and science
of landscape architecture by leading and informing the public, by serving
members, and by leading the profession in achieving quality in the natural and
built environment.”

http://www.asla.org/asla/

Bay Area Stormwater Management Agencies Association
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How to use this book

This document is intended for use in the planning and design
phases of residential, commercial, institutional and industrial
development and redevelopment. It recognizes that one of the
best opportunities to reduce the generation of urban runoff or
“nonpoint source pollution” (see glossary) from development is
through planning and design. Once developments are builg, it
is very difficult and expensive to correct land use patterns and
storm drain systems that contribute to urban runoff.

Because the principles and techniques described here inform
basic siting and design considerations, they will be easiest to
incorporate and most effective if explored early in the planning
and design phases of a project. Because of the wide variety of
development sites in the Bay Area — such as infill, hillside, and
redevelopment — and the wide array of regulations facing the
development community, many of which are potentially in con-
flict with each other, this document suggests design and plan-
ning strategies for adaptation to each particular condition rather
than defining specific solutions for every case.

During the construction phase additional strategies must be
employed to minimize erosion and the introduction of other
pollutants into stormwater runoff. These temporary strategies,
such as silt fencing, straw-bales, and erosion control matting,
are documented elsewhere. For information on stormwater man-
agement during the construction phase, see the California Storm
Water Best Management Practice Handbooks (Construction Ac-
tivity) and the Manual of Standards for Erosion & Sediment Con-
trol Measures by the Association of Bay Area Governments
(ABAG).

This manual is not intended as a
prescriptive document mandating
that all projects adopt all the ideas
presented here. Rather it is a
menv of choices to illustrate a

design philosophy and approach.

After construction, other practices must be employed for proper
management of properties and facilities to prevent introduc-
tion of pollutants into the storm drain system. These “best man-
agement practices,” such as proper storage and disposal of chemi-
cals, recycling of used oils, and community education, are also
treated elsewhere. For a principal source of information on best
management practices after construction see the California Storm
Water Best Management Practice Handbooks.

Along with planning, design, and management practices, effec-
tive maintenance and operation of control measures is as criti-
cal as proper selection and design. Many of the control mea-
sures and practices presented in this manual capture and retain
stormwater pollutants. It is important to establish a mainte-
nance and monitoring program to ensure that the systems func-
tion as designed, and that over the long term pollutants do not
accumulate to unacceptable or toxic levels. Maintenance re-
quirements for specific site design and landscape details are dis-
cussed in Chapter 8.

This guidance manual is not intended as a prescriptive docu-
ment mandating that all projects adopt all the ideas presented
here. Rather it is a menu of choices to illustrate a design phi-
losophy and approach. Once the basic approach is understood,
it is envisioned that each project team will adopt or adapt those

solutions that best suit the unique circumstances of each site.

The approach presented here implies some different ways of
handling stormwater. Answers to frequently asked questions
can be found on page 150.

viii
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1 Introduction

Yhis Manual has been prepared for the Bay Area Stormwater
Management Agencies Association (BASMAA), an association
of regional stormwater quality agencies around the San Fran-

cisco Bay and Delta.

Finding that the way we design and build communities has a
direct effect on water quality, BASMAA has prepared this Manual
with a focus on residential, commercial and industrial develop-
ment, including new development, infill development and rede-
velopment. It aims to help designers, developers, and municipal

agencies create communities that achieve water quality goals.

The Manual attempts to communicate basic stormwater man-
agement concepts and to illustrate simple, practical techniques
to preserve the natural hydrologic cycle. These techniques are com-

bined in a series of case studies to show how they may be inte-

grated into projects. These case studies reflect the wide range of

geographical, hydrological and market conditions found in the
San Francisco Bay area, and must be adapted ro specific site

conditions.

For planners, designers and engineers accustomed to approach-
ing stormwater management as a challenge in controlling large
concentrated flows, the approach presented here may require a
shift in thinking. Rather than considering only the large, infre-
quent storms normally associated with drainage and flood con-
trol, this document focuses on the small, frequent storms that
have the most impact on urban water bodies, and shows how
controls for smaller storms can be integrated into a comprehen-
sive drainage system. Also, rather than considering the generally
more expensive and complicated end-of-pipe solutions, this docu-
ment secks to illustrate the simpler, more economical stormwater

management opportunities presented by starting at the source.

The way we design and build
communities has a direct

effect on water quality.

Bay Area Stormwater Management Agencies Association



The Hydrologic Cycle
The continuous circulation of the earth’s water from sky to land
to sea to sky is called the Hydrologic Cycle.!

In its natural condition, soil is covered with a complex matrix
of mulch, roots and pores which absorb rainwater. As rainwater
infiltrates slowly into the soil, impurities are cleansed by natural
biologic processes. Because most rain storms are not large enough
to fully saturate the soil, only a small percentage of annual rain-
water flows over the surface as runoff. What does become run-
off usually travels in a slow meandering pace which allows sus-
pended particles and sediments to settle. In the natural condi-
tion, the hydrologic cycle creates a stable supply of groundwa-
ter, and surface waters are naturally cleansed of impurities (al-
though some sediment is carried with the flow) before arrival

into the sea.

The impervious surfaces associated with urbanization prevent
water from infiltrating into the soil. Even the smallest rainstorms

Precipitation

Runoff

Infiltration

The hydrologic cycle
In pre-development landforms, a large percentage of precipi-
tation infiltrates into the soil. A small percentage remains on

the surface as runoff.

generate runoff, which collects pollutants and sediments, and is
concentrated in narrow channels or pipes. This rapid, concen-
trated water flow can affect the hydrologic cycle in four ways:
increased volume of flow which could mean increased flood
potential, minimized impacts on channel destabilization, in-
creased concentration of pollutants, and reduced groundwater

levels. 2

Builders can avoid these negative impacts by designing devel-
opments with stormwater systems that preserve and restore the

natural hydrologic cycle.

Precipitation

Infiltration

In Post-development, opportunities for infiltration are typi-

cally reduced, and a larger proportion of total precipitation be-

comes surface runoff.

Start at the Source



Regulatory Context

As rain falls, it picks up pollutants from the air. Then as it be-
comes runoff it collects more impurities while passing over roof-
tops, streets, parking lots, landscaping, and gucters. This runoff
typically enters a storm drain system that rapidly conveys i,
untreated, to a lake, creek, river, bay or ocean. With the progress
made in the past twenty-five years in controlling pollution from
factories and other industrial point sources, this concentration
of pollutants from various dispersed sources — nonpoint source
pollution — is today responsible for over half of the water qual-
ity problems in waters of the United States.’

The Clean Water Act of 1972, as amended in 1987, prohibits
the discharge of pollutants into waters of the United States un-
less the discharge is in compliance with a National Pollutant
Discharge Elimination System (NPDES) permit. Most large
population centers are already subject to NPDES permits, and
smaller population centers may be required to comply in the
next few years. Certain industries and construction projects
specified by the U.S. Environmental Protection Agency must
also obtain an NPDES permit in order to discharge stormwater
runoff. Thus most Bay Area cities, and most large development
projects, must comply with NPDES permit requirements.

water

nitrogen

naturally occurring
compounds

What’s in a drop of runoff?
Pre-development runoff generally contains water and a low

concentration of naturally occuring compounds.

The federal NPDES permit program requires that subject mu-
nicipalities “develop, implement and enforce controls to reduce
the discharge of pollutants from municipal separate storm sew-
ers which receive discharges from areas of new development and
significant redevelopment... [including] after construction is
completed.”4

Within this regulatory context, developers and municipal per-
mitting agencies are required to implement controls that re-
duce water pollution carried in runoff. These techniques may
include storage (detention), filtration, and infiltration practices.

The Nationwide Urban Runoff Program and recent studies “in-
dicate that planning and designing for the minimization of pol-
lutants in stormwater discharge is the most cost effective ap-
proach to stormwater quality management.” Reducing pollu-
tion in stormwater by preventing or reducing the discharge of
pollutants at the source is a technically sound and cost effective
strategy to bring development into compliance with Federal law.

phosphates

water

pesticides

heavy metals

oil

sediments

Post-development runoff contains water and a variety of pol-

lutants collected and concentrated from impervious surfaces.

Bay Area Stormwater Management Agencies Association



Infiltration and the risk of groundwater contamination
The purpose of this manual is to encourage landscape designs
and features that mitigate increases in site runoff by promoting
infiltration through the soil. Allowing rain and runoff to infil-
trate into the soil reduces the quantity of pollutants reaching
local streams and San Francisco Bay. When implemented
throughout a stream’s watershed, infiltration protects the stream
from increased peak flows, which can cause down-cutting, bank
erosion, sedimentation, and losses to property and habitat. The
Regional Water Quality Control Board encourages the use of
infiltration as a strategy to manage urban runoff and to help
protect the beneficial uses of streams and San Francisco Bay.
Regional Board staff expects that, as part of their NPDES-per-
mitted stormwater management programs, municipalities will
encourage developers to implement the designs and methods
described in this manual.

However, any drainage feature, including many of those de-
scribed in this book, that infiltrates runoff poses some risk of
potential groundwater contamination. The Regional Water
Quality Control Board prohibits the unauthorized construc-
tion or use of any “artificial excavation for the purpose of ex-
tracting water or injecting water into the underground.” The
“Explanation of Policy” attached to Regional Board Resolution
81 states: “wells used to dispose of sewage and surface drainage
bypass the normal processes of nature that occur at or near the
surface of the soil. The use of such wells may allow for injection
of waste into subsurface strata rapidly and unchanged in chemical
quality.” Illegal disposal of chemical wastes into dry wells and
chemical spills have contaminated groundwater in some loca-
tions in the Santa Clara County. In some cases, the contamina-

tion is severe.

The risks associated with groundwater infiltration can be man-

aged by:

* Designing landscape drainage features so that they promote
infiltration of runoff, but do not inject runoff so that it
bypasses the natural processes of filtering and transforma-
tion that occur in the soil.

* Taking reasonable steps to prevent the illegal discharge of
wastes to drainage systems.

The designs in this book promote infiltration only to the top
10 feet of soil. In general, designs that disperse runoff over land-
scaped areas, or through permeable surfaces, are the most effec-
tive, easiest to maintain and have lowest initial costs. These de-
signs also minimize the risks of illegal disposal because the surface
is visible and the infiltration rate (per unit area) is relatively low.

For some sites, it may be feasible to use detention basins or dry
wells to infiltrate additional runoffin a more compact area. When
these techniques are used, the designer should consider the po-
tential for illegal disposal or chemical spills. Detention basins
and dry wells should not drain, or be located near, work areas
where wash-waters or liquid wastes are generated or where haz-
ardous chemicals are used or stored. If dry wells are used, there
should be a sufficient thickness of unsaturated zone below the
dry well to allow natural processes to function effectively. De-
tention basins and dry wells should be clearly marked with a
“no dumping” message and should be inspected regularly by
the municipal stormwater management program. In some ju-
risdictions, the local groundwater management agency may re-
quire that detention basins, dry wells and similar structures be
permitted at the time of construction. Always check with the
local groundwater management agency and municipality for
construction standards and permitting requirements.

Start at the Source



Impervious land coverage as an environmental indicator

A new environmental indicator is emerging to measure the health
of urban watersheds — impervious land coverage.

Impervious land coverage is a fundamental characteristic of ur-
ban and suburban areas. The rooftops, roadways, parking areas,
and other impervious surfaces of development cover soils that,
before development, allowed rainwater to infiltrate. By depriv-
ing the soil of its ability to infiltrate rainwater, a host of envi-

ronmental consequences follow.

One of the environmental consequences of impervious land cov-
erage is stream degradation. Impervious surfaces associated with

urbanization cause stream degradation in four ways:

1. Rainwater is prevented from infiltrating into the soil, where
it can recharge groundwater, reducing base stream flows.

2. Because it cannot infiltrate into the soil, more rainwater runs
off, and runs off more quickly, causing increased flow volumes,
accelerating erosion in natural channels, and associated reduc-
tion of habitat and other stream values. Flooding and channel
destabilization may require construction to channelize the

stream, with further loss of natural stream uses.

3. As runoff moves over large impervious areas, it collects and
concentrates nonpoint source pollutants — pollution from cars,
roadways, parking lots, rooftops, etc. — increasing pollution in
streams and other water bodies.

4. Impervious surfaces retain and reflect heat, causing increases
in ambient air and water temperatures. Increased water tem-
perature negatively impacts aquatic life and reduces the oxygen
content of nearby waterbodies.

Impervious surfaces can be defined as any material that pre-
vents or reduces the infiltration of water into the soil. While
roads and rooftops are the most prevalent and easily identified
types of impervious surface, other types include sidewalks, pa-
tios, bedrock outcrops, and compacted soil. As development
alters the natural landscape, the percentage of the land covered
by impervious surfaces increases.

Roofs and roads have been around many years, but the ubiqui-
tous and impervious pavement we take for granted today is a

relatively recent phenomenon. A nationwide road census showed

that in 1904, 93 percent of the roads in America were unpaved.
With the ascendancy of the automobile in the mid-twentieth
century, the interstate highway system, and the growth of sub-
urbia, the percentage of impervious surfaces increased dramati-
cally. A prime contributor to the increase of impervious land
coverage is the residential street network — since World War II,
typical residential street widths have increased by 50%.

An increasing body of scientific research, conducted in many
geographic areas and using many techniques, supports the theory
that impervious land coverage is a reliable indicator of stream
degradation. Furthermore, impervious land coverage is a prac-
tical measure of the impact of development on watersheds be-
cause:

* it is quantifiable, meaning that it can be easily recognized
and calculated.

* it is integrative, meaning that it can estimate or predict cu-
mulative water resource impacts independent of specific
factors, helping to simplify the intimidating complexity
surrounding nonpoint source pollution.

* it is conceptual, meaning that it can be easily understood by
water resource scientists, municipal planners, landscape ar-
chitects, developers, policy makers and citizens.

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

This document illustrates a variety of site planning principles
and design techniques for development. They all aim to reduce
impervious land coverage, slow runoff, and to maximize oppor-

tunities for infiltration of rainwater into the soil.

Bay Area Stormwater Management Agencies Association



Impervious land coverage thresholds

A certain amount of impervious land coverage is unavoidable
in any development. Rooftops, by definition, must prevent in-
filtration of rainwater. Circulation systems— roads, parking, drive-
ways— are the other, and usually most extensive, component of
impervious land coverage. For planners, designers and regula-
tors, the essential question is at what threshold of impervious
land coverage does significant stream degradation begin?

Many recent studies have evaluated stream and wetland health
using many criteria such as pollutant loads, habitat quality, and
aquatic species abundance and diversity. These studies consis-
tently show that significant water quality impacts begin at im-
pervious land coverage levels of as little as 10%. At impervious
land coverage over 30%, impacts on streams and wetlands be-
come more severe, and degradation is almost unavoidable with-

out special measures.

These impacts on stream health include:

* Creation of significant “new runoff,” because soil that would
normally absorb rainfall is covered with impervious sur-
faces.

* Streams receive greater flows more frequently. For example,
flow equal to a pre-development 2—year storm may occur
every 2-3 months after development.

* The stream channel may need to enlarge itself to contain
increased flows, causing stream bank erosion and loss of
habitat.

* Stream bank erosion produces sediment which settles where
and when velocities slow, covering aquatic vegetation and
fish spawning beds, furthering the loss of habitat.

These studies suggest that three broad categories can be estab-
lished using simple numeric thresholds illustrating the general
relationship between impervious land coverage and stream health
(exact thresholds/percentages may vary depending on region):

Impervious land coverage Stream health

< 10% “sensitive”
> 10 and < 30% “degrading”
> 30% “non-supporting”

Sensitive streams generally have stable channels, good water
quality and good stream biodiversity. Degrading streams gen-
erally have unstable channels, fair water quality and biodiversity.
Non-supporting streams may have highly unstable channels, fair
to poor water quality and poor stream biodiversity.”

These impervious land coverage percentages must be measured
across an entire site or development area. Sometimes lower overall
impervious coverage can be achieved by clustering development
at higher densities on one portion of a site, while maintaining
open space elsewhere.

Given land values and population densities in the Bay Area, less
than 30% overall impervious coverage may be difficult to attain
in many basins of a water resource. Even in higher density de-
velopments, the impact of impervious land coverage can be miti-
gated by a variety of site planning and design techniques, which
are illustrated in the following pages.

These techniques have three basic goals:
* to minimize overall impervious land coverage and maxi-
mize infiltration,
* to minimize as much as practical remaining impervious ar-
eas that are not-directly-connected to the storm drain sys-
tem, and

* to slow runoff within a drainage system.

Start at the Source



Two approaches to stormwater management

The conveyance approach to stormwater management seeks
to “get rid of the water.” A conveyance stormwater system col-
lects and concentrates runoff through a network of impervious
gutters, drainage structures and underground pipes. As the con-
veyance system flows downstream, additional tributary convey-
ance systems feed into it, requiring it to be continually enlarged
as it approaches its outfall. Because the system collects water
from impermeable surfaces and carries it through impervious
pipes, suspended pollutants are concentrated in the rapidly flow-
ing runoff. When the system reaches its outfall, large volumes
of polluted water can be emptied, untreated, into a natural wa-
ter body.

Several factors contribute to stormwater degradation in a con-
ventional development. Large paved roadway surfaces create and
collect runoff. Building sites may be graded severely, removing
natural vegetation that absorbs runoff. The curbs, gutters and
catch basins collect runoff and carry it rapidly, providing lictde
opportunity for infiltration. In this way, large quantities of run-
off are created and carried in a short time to the outfall of a
conveyance stormwater system, carrying sediments and other

pollutants as a fast flowing untreated discharge into the bay.

The infiltration approach to stormwater management seeks
to “preserve and restore the hydrologic cycle.” An infileration
stormwater system seeks to infiltrate runoff into the soil by al-
lowing it to flow slowly over permeable surfaces. These perme-
able surfaces can double as recreational and landscape areas dur-
ing dry weather. Because the infiltration network allows much
of the runoff to return to the soil, overall runoff volume is re-
duced, and more water is available to replenish groundwater
and maintain stream base flows. The slow flow of runoff allows
pollutants to settle into the soil where they are naturally miti-
gated. The reduced volume of runoff that remains takes a long
time to reach the outfall, and when it empties into a natural
water body, its pollutant load is greatly reduced.

A development designed for stormwater quality generates less
runoff because overall impervious land coverage is reduced
through clustering and other means. Building sites are fit into
the contours, and preserve vegetation as far as feasible. The drain-
age system attempts to slow runoff, and provides opportunities
for it to filter into the soil. In dry weather these infiltration
areas can be used for recreation or wildlife habitat. Smaller run-
off volumes are created overall, and these volumes take a longer
time to the outfall. When runoff from an infiltration-based sys-
tem arrives, it’s cleaner, and moving more slowly as it empties

into the bay.

Conveyance Approach

Infiltration Approach
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2 Concepts

A few basic concepts form the foundation for drainage systems
that preserve and restore the hydrologic cycle. Once these basic
concepts are understood, the ingenuity of designers, planners and
builders can be applied ro invent specific techniques for the spe-

cial requirements of any site.

The concepts spring from an integrated, comprehensive approach
to stormwater management, comidering each sites unique posi-
tion within a larger watershed, and each smaller watershed

within a site.

The application of these concepts consistently within a site will
create a stormwater management approach that minimizes im-
pervious area, reduces direct connections between impervious areas
and the stormdrain system, and mimics natural systems while

being economical, aesthetically pleasing, and technically sound.

Concepts

2.1 Every site is in a watershed. Rain falls on every
site. What happens to the rain depends on the site’s place
in the larger watershed, and on the smaller watersheds within
the site. From where does water enter the site? To where
does it go? Understanding that a site has a position in the
larger context is essential to stormwater management.

2.2 Start at the source. What happens immediately af-
ter a drop of rain hits the ground? Rather than convey storm-
water away for treatment at the end of a pipe, water quality
is most easily and economically achieved if stormwater man-
agement starts at the point that water contacts the earth.

2.3 Think small. For decades planners, engineers and
builders have been trained to think big— to design systems
that will handle peak flows from the biggest storms. Yet a
significant amount of pollutants and flow-induced impacts
to streams are in the early rains and small storms. Design-
ing systems to accommodate the big storm is still essential
for protection of life and property, but small-scale tech-
niques, applied consistently over an entire watershed, can
have a big impact — both improving stormwater quality
and reducing overall runoff volume.

2.4 Keep it simple. A wide variety of simple and effec-
tive strategies can be employed to achieve stormwater qual-
ity goals. Designed for the small storms, these simple strat-
egies often use natural methods and materials, and some-
times require a different kind of engineering or mainte-
nance than conventional modern drainage systems. By
employing an array of a few simple techniques throughout
a site, improved stormwater management can be achieved
economically with modest maintenance requirements, and
can often be cost-effectively integrated into larger, flood
control-type facilities.

2.5 Integrate the solutions. Providing stormwater man-
agement facilities is not a problem — it’s an opportunity. By
integrating solutions into the overall site plan, stormwater
facilities can provide recreational, aesthetic, habitat, and
water quality benefits.




Every site is in a watershed

Ovice a single drop of rain reaches the earth, its journey is deter- headwater

mined by the watershed in which it lands. A watershed is de- stvean ot creek
fined by the U.S. Environmental Protection Agency as “ the geo-
graphic region within which water drains into a particular river,

stream, or body of water.” 8

A small puddle in an uneven field reflects a tiny, localized wa-
tershed. At a neighborhood scale, gradual changes in elevation,
or man-made artifacts like roadways or railroad embankments
may define watersheds. Regionally, a range of mountain ridges

may create a watershed that is drained by a network of small

streams and creeks, each of which forms a tributary to larger

bay or ocean

water bodies, forming larger watersheds, all of which ultimately

empty into a lake, bay or ocean.

No matter where you are in a watershed, or at what scale of
watershed you are working, what you do on any particular site
always has effects on the overall hyrologic system. By understand-
ing that every site has a relationship to its adjoining watersheds,
by investigating the soil and hydrologic conditions of the site,
and by appreciating the micro-watersheds within each site, de-
signers can best achieve the overall objective: restoration and pres-

ervation of the natural hydrologic system.

Bay Area Stormwater Management Agencies Association 9



Start at the source

W en a single drop of rain lands, it is carried by gravity and

soil physics downward into the soil.

If the soil is covered with an impervious material, such as roof-
tops, concrete, or asphalt, the single drop of rain flows along
whatever surface it encounters, moving downbill, joining with

other drops of rain to create runoff.

If this runoff is collected in pipes and conveyed long distances
before treatment many opportunities for improved water qual-
ity are lost. “End of pipe” strategies, such as large retention ponds,
can be important components of an overall stormwater manage-
ment system, but are more complex and costly than strategies

that start at the source.

Small collection strategies, located at the point where runoff ini-
tially meets the ground, repeated consistently over an entire project,
will usually yield the greatest water quality improvements for

the least cost.

Source control is cheapest

If runoff is infiltrated or detained at its source (a) the least costs
are incurred and maintenance is minimal. If runoff is carried
some distance and treated enroute (b), costs and maintenance
demands rise. If runoff is carried directly to the outfall (c), cost
for treatment controls are highest and most maintenance inten-

sive.

The most economical, simplest stormwater management op-

portunities for water quality are at the source of the runoff.

high

cost

low

at source enroute

outfall

distance from source
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Think small

Small storms add up. Because of their frequency, small storms,
meaning storm sizes that recur once every two years or more
[frequently, produce the vast majority of total runoff over time.
In the Bay Area, small storms account for eighty percent of total

annual rainfall.

By targeting these small storms, rainfall can be managed for water
quality through relatively small water quality systems. In this
way, managing frequent small storms can address a large part of

the pollution problem.

In the past, stormwater management has focused almost exclu-
sively on flood protection. In the same way that a freeway de-
signed for rush hour traffic can easily handle the traffic on a
quiet weekend morning, stormwater systems that can accommo-
date flood flows are more than adequate to convey more frequent
small storms. So, in designing only for flood protection, ~design-

ers have been able to neglect the small storm and its impacts.

With an awareness of the importance of small storms for water
quality protection designers now consider small storms, because
of their frequency and cumulative impacts, as well as the infre-

quent large rainfall event.

Small storms add up

Rainfall is distributed between relatively infrequent large storms
and more frequent small storms. For example, in the Bay Area,
approximately eighty percent of the total annual rainfall is pro-
duced by the accumulated contribution of the many small
storms, the size that recurs every two-years or less (two-year re-
currence interval). These small storms typically produce between
0.5 to 1.25 inches of rain, depending on microclimate. By com-
parison, all of the larger storms combined (five, ten, twenty and
fifty year intervals) typically produce less than twenty percent
of the total annual rainfall.

100 —
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Conceplis

2.4

Keep it simple

The techniques illustrated in this document were purposefully
kept simple. Being simple, they are easy to understand. They are

also relatively easy and inexpensive to design, build and maintain.

10 addyess the many diverse sites found in the Bay Area, this
document illustrates a wide variety of techniques, applicable ro
different soils, sites, and conditions. It is not intended that all the
techniques illustrated here will be appropriate for each project, but
instead, that planners, landscape architects, and engineers select and

adapt those few that are most suited to a particular site.

A simple gravel strip, a concave instead of convex planting area,
an infiltration basin at the end of a downspoutr — all of these
are simple, but effective strategies for integrating stormwater man-

agement into a site plan.

The best stormwater management system will rely on a few simple

techniques, applied consistently over an entire project or site.

Simple but effective

Because most stormwater management has generally been fo-
cused on complex, large systems, small, simple solutions may
appear at first glance less effective. Yet simple solutions can be
just as effective, and must undergo the same rigorous engineer-
ing analysis as more complex approaches. The difference is that
the simple systems generally use lower technology materials and
rely on natural materials integrated with the landscape, racher

than mechanical or man-made processes, to manage stormwater.

12
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The stormwater management system can become an organizing
element for site planning and design. Infiltration devices, drain-
age swales, and retention areas can be integrated into a site plan

to improve aesthetics and provide recreational resources.

For example, a landscaped area, if slightly concave or depressed,
can also serve as a temporary detention basin. Drainage swales
can be landscaped with attractive riparian species. Pathways can
Jollow these swales, creating attractive greenbelts that reflect natu-
ral landforms. A sandy area can serve as a children’s playground
in the dry season, but become a shallow infiltration basin in the

winter rains.

Home buyers and business tenants consistently indicate a prefer-
ence for water features. A network of small ephemeral pools and
swales, treated carefully with attractive planting and mainte-
nance, can satisfy this desire for a relationship to water and give

developments a competitive advantage.

An integrated site plan will generally yield a series of smaller
stormwater management facilities rather than one large basin
at the end of a traditional conveyance system. This integrated
approach not only reduces cost while achieving environmental
goals, but it also maximizes land values, improves marketabil-
ity, adds aesthetic interest, and provides increased recreational

opportunities.

Integrate the solutions

Design out the hazard, design in the people

Often environmentally sound stormwater management facili-
ties, such as retention basins, are fenced or hidden from view.
This approach to stormwater management not only adds sig-
nificant “opportunity costs” through lost building sites or recre-
ational potential, but also sends a symbolic message that storm-
water is hazardous.

There are legitimate concerns for safety and liability, but they
can usually be mitigated through simple design strategies such
as shallow basin depths and gently sloping sides. By designing
out the hazards and designing in the people, most drainage fea-
tures can be integrated into the site plan to mimic the natural
hydrologic cycle, add aesthetics, and increase recreational value.

Water as an amenity

vegetative cover

observation deck

gently sloping sides

steep or
vertical sides

fence

no vegetation

Water as a hazard
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3 Planning & Zoning

Planning and zoning practices profoundly influence the impact  Planning & Zoning

of development on watersheds. 3.1 Watersheds and planning - historical context.

Political decisions made a century ago affect our ability to
plan for watershed quality. Understanding the historical
Planning determines the pattern of development, what type is context of watershed planning helps us to focus current

permitted, and its relationship to streams and other natural fea- efforts more effectively.
3.2 Watershed-based planning & zoning. Conven-
tures. Zoning determines where particular land uses are located, tional zoning practices don’t typically address the impact of
, L L. _ development on water quality. Specific zoning approaches
requirements for parking, sizes of roadways, permitted impervi- P duaty: op 18 Approach
can be adopted to make zoning a more effective water quality
ous land coverage, and types of approved drainage systems. tool.
3.3 Cluster/infill development. Clustering develop-
ment at higher densities on a portion of a site can have a
By understanding how these powerful tools work, they can be beneficial impact on overall watershed health. The denser
area may have a very high percentage of impervious land

Jocused to protect water quality coverage, but total impervious area and land disturbance
will be less.

3.4 Sireet design standards. Streets comprise a very
large proportion of land use — up to 25% of total land area.
The street pavement itself is often the largest component
of total impervious land coverage. A carefully designed street
system can protect water quality while also serving its pri-
mary transportation function.

3.5 Parking requirements. Parking is often the greatest
single land use, and usually it is made of impervious pave-
ment. The amount of parking mandated by zoning codes
and standards often far exceeds the usual parking demand.
A variety of zoning and planning tools are available to pro-
vide adequate, but not excessive, parking supply.

3.6 Community education and ovutreach. Education
and outreach are critical elements of designing for water
quality protection. Generating public awareness increases
general interest and acceptance and improves long-term
maintenance prospects.

3.7 SWMPs, SWPPPs, and BMPs. An alphabet soup of
acronyms define government regulations relating to storm-
water quality protection. Understanding these regulations
is a key to successfully navigating the approval process.
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Mount Shasta

Sacramento River

San Francisco Bay
San Joaquin River
SF Bay drains a vast watershed

In 1878, Major John Wesley Powell, the first Director of the
United States Geological Survey, submitted his Report on the
Lands in the Arid Region of the United States to the U.S. Con-
gress on the future of the American west. In this document,
Powell recognized that water would be the limiting resource in
the future development of the arid west. He understood that
the rectilinear surveys used to divide properties and political
entities in the rainy east would not work in the drier west. In-
stead of boundaries drawn along arbitrary lines, Powell pro-
posed that drainage divides, or watersheds, be the organizing
land use principal.

Congress ignored Powell’'s recommendation, continuing its prac-
tice of dividing properties and political entities along arbitrary
lines. Where waterways such as rivers or creeks were used for
creating political divisions, they often were used to form the
border between entities. Yet, ecologically speaking, waterways
do not divide land, but unite it by collecting drainage from
throughout the watershed. Thus, in the adopted planning sys-
tem, the political function of a waterway is often precisely op-

posite to its environmental function. *

These kinds of political and jurisdictional barriers to watershed
planning also effect the San Francisco Bay, which drains a vast
regional watershed extending from the coast ranges in the east
to Mount Shasta in the north to Kern County in the south to
Lake Tahoe in the east. County and city jurisdictions occasion-
ally follow watershed boundaries (like the Mayacmas ridge sepa-
rating Sonoma from Napa County), but more often lie in the

Watersheds and planning — historical context

center of watersheds (like San Francisquito Creek which divides
San Mateo from Santa Clara County).

As planners and scientists recognize the threats to water quality,
they create new mechanisms to better facilitate watershed-based
planning and zoning. These include specific efforts to protect
specific streams, such as the San Francisquito Creek Watershed
Coordinated Resource Management Process, a collaboration be-
tween two counties and multiple cities along San Francisquito
Creek, as well as larger regional efforts, such as the Santa Clara
Basin Watershed Management Initiative, the Alhambra Creek
Watershed Program, the Alameda Creek Watershed Manage-
ment Program, many regional water quality programs,
BASMAA, and the Association of Bay Area Governments
(ABAG).

In Powell’s scheme, the San Francisco Bay Area would have been
treated as a single political entity, and the counties within it
would have been divided on the basis of sub-watersheds, pro-
tecting the precious water resource and making environmental

planning much easier.

Major John Wesley Powell (on
horseback) proposed that watersheds
be the organizing land use principal
in the arid west.

(photo by Smithsonian Institution)
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sensitive

heavily degraded

Land use patterns and the types of development permitted are
determined by the planning process, which considers social,
political, institutional, natural and other factors. In all planning
and zoning, protection of natural resources must be balanced
with other community priorities such as roads, schools, hous-
ing and economic development.

Limits of conventional planning and zoening. Conventional
planning and zoning can be limited in their ability to protect
the environmental quality of creeks, rivers and other waterbodies.
This is a result of two principal factors. First, conventional zon-
ing arises from political, transportation, and social factors that
often do not mirror the natural watershed boundaries of a com-
munity. Second, conventional zoning can limit development
by density (units per acre or allowable square footage). These
regulations often address the maximum density of rooftop im-
pervious cover, but have limited impact on the transportation
network’s contribution to impervious land coverage (roads, park-
ing, pathways, driveways, etc.). Because this transportation com-
ponent is usually greater than the rooftop component of imper-
vious land coverage, density is an indirect and imprecise mea-

sure of forecasting the effect of development on water quality.

State planning law offers guidelines for resource protection but
does not require specific protection measures. Local governments
consider various priorities to develop General Plans that guide
growth over a relatively long time horizon, such as twenty or
thirty years. In some instances, local governments may consider

the relationship of development to natural features such as creeks

=W W Watershed-based planning & zoning

and hillsides, and may guide land use changes to minimize im-
pact to these features. These local considerations may differ
from city to city and can be difficult to coordinate regionally. In
some local jurisdictions, natural factors may only be addressed
to the extent of identifying hazards and land that is not suitable
for development, while other jurisdictions may set a higher value
on natural resource protection. Regardless of the approach of
any particular local planning jurisdiction, the priorities of com-
plex natural systems can be difficult to address at the local level,
making a balanced pattern of development and resource pro-
tection at the regional level difficult to achieve.

Watershed based planning. An alternative to conventional
planning and zoning is natural resource and watershed-based
planning. Because such planning is natural resource-based, it
begins by considering the natural resources of a given area. By
being watershed-based, it orients such considerations to water-
shed areas, rather than only within town, city, or county lines.
Such planning enables multiple jurisdictions to work together
to plan for both development and conservation that can be en-

vironmentally as well as economically sustainable.

The regional approach is inherently difficult because it involves
balancing the interests of many independent local governments.
When practiced effectively, however, regional resource-based
planning enables local and regional areas to realize economic,
social and other benefits associated with growth, while conserv-
ing the resources needed to sustain such growth, including wa-
ter quality.

16
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This kind of comprehensive planning involves four basic steps:

* identify the watersheds shared by the participating juris-
dictions,

* identify, assess, and prioritize the natural, social and other
resources in the watersheds,

* prioritize areas for growth, protection and conservation,
based on prioritized resources, and,

* develop plans and regulations to guide growth and protect

resources.

Watershed-wide plans can become very detailed, with in-depth
data gathering and assessment, extensive public involvement,
identification of problems and needs, development of manage-
ment strategies, and long-term implementation of policies and
actions. Local governments, however, can start with simpler
yet important steps toward effective watershed planning, such
as adopting a watershed-based planning approach, articulating
this basic strategy in their General Plans, and beginning to pur-
sue the basic strategy in collaboration with neighboring local
governments who share the watersheds.

Watershed-based zoning. Some watershed protection strat-
egies have been adopted under conventional zoning, but they
typically have limited value. These strategies include large lot
residential zoning, which can reduce the overall impervious area
on individual lots, but expands the impervious coverage of the

roadway network as well as contributing to urban sprawl.

Another approach is the widespread use of stormwater treat-
ment devices (often called BMPs) to mitigate the impact of
impervious land coverage. These devices, even in the best of
circumstances, have limited value as a watershed protection strat-
egy, and their performance is often compromised by poor de-

sign, construction, or lack of maintenance.

Some resource-based zoning policies that can be developed and
incorporated into conventional zoning include:

* overlay districts,

* performance zoning,

* incentive zoning,

* imperviousness overlay zoning,

* planned unit development zoning,

The intent of each of these tools is to introduce flexibility into the

zoning structure to encourage natural resource protection.

Restoration. In many cases, municipalities undertake efforts
towards preservation or restoration of existing natural resources,
such as streams or other water bodies. In areas with the highest
levels of existing urbanization, streams may have been impacted
so that they don’t support habitat in their present degraded con-
dition. It is usually not practical in these circumstances to re-
store degraded streams to a pristine pre-development condition,
with full habitat and ecological function. In these cases, an
“urbstine” condition, or one of enhanced environmental vital-
ity consistent with the urban context, may be sought. Planners
can work with the community, water quality engineers and wild-
life fisheries biologists to define the criteria for an “urbstine”

condition, and work to achieve those goals.

Efforts to restore biological diversity may include:

* preventing the introduction of urban pollutants to protect
downstream waters,

* mitigating effects of development using biofilters, detention/
infileration basins, pervious pavements, and other strategies,

* retaining the natural riparian corridor and carefully apply-
ing measures to prevent or treat runoff,

* protecting and restoring creckbank vegetation,

* restoring the riffle/pool structure and meander length,

* preventing unauthorized diversions of water.

Ideally, General Plans need to look at development projects in
the context of the entire watershed, considering site impacts in
terms of an overall watershed plan.

Bay Area Stormwater Management Agencies Association
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Conventional development standards use setbacks, frontages,
roadway geometry, and other methods to arrange individual
buildings on individual lots. Development based on the indi-
vidual lot usually creates a homogeneous community, an exten-

sive roadway network and other infrastructure systems.

Cluster development, a site planning technique in use for sev-
eral decades, considers not only individual lots, but larger site
boundaries. It concentrates development on one portion of a
site, and conversely maintains more of the site in open space.
One of the principal results of cluster development is reducing
the length of the roadway network. Because the other infra-
structure elements, such as sewer, power, telephone, and water
follow the roads, their costs are also reduced. This means that
cluster development can be significantly less expensive to build
than conventional single lot development. On-going costs for
city services, such as police and fire protection, are also reduced,
because the community is more concentrated and therefore more
efficiently served. Finally, cluster development provides increased
area for passive recreation, because the open space is concen-
trated in a public or semi-public place, rather than divided in
many large, private yards. However, cluster developments can
face resistance in the marketplace, because home buyers some-
times prefer the larger lot sizes and wider streets of conventional

development patterns.

From a water quality viewpoint, cluster development has mul-
tiple benefits compared to conventional zoning. These include:
* reduced impervious surface area by 10 to 50%,

= W= 0 Cluster/ infill development

continuous landscape corridor

with high habitat value

Ov'——llj— detention/
infiltration area

]
= I
[::::'L — large undisturbed

H area (about 50%)

reduced roadway area

¢ reduced stormwater runoff,

¢ reduced encroachment on stream buffers,

¢ reduced soil erosion since 25 to 60% of site is never cleared
and steep hillsides are avoided,

* reduced need for expensive flood control measures,

* larger urban wildlife habitat islands, and,

¢ reduced reliance on automobiles, because shorter distances

make pedestrian, bicycle and mass transit more attractive.

Most cluster development zoning policies have not been explic-
itly created to support water quality protection. To enhance these
benefits, proponents of cluster development for stormwater
quality protection have suggested the following cluster devel-
opment criteria:'’
* significant impervious surface reduction from reduced
roadway network compared to conventional zoning,
* minimum site size (approximately 5 acres),
* minimum open space requirement of approximately 50%
of total site,
* consolidation of open space, such thatatleast 75% is in a
contiguous unit for habitat value,
* maintenance of approximately half of the open space in
undisturbed vegetated areas (i.e. wetlands, forests, mead-
ows), with the other half as a community green space (i.c.
turfgrass, playgrounds, constructed stormwater basins),
* formation of private legal entity to maintain open space
in perpetuity (e.g. homeowner’s association), and,

* dedication of open space to a public open space district.
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A typical pre-war residential street

28 foot wide with tree-lined parkway between the curb and
sidewalk. This traditional design can be found in older neigh-
borhoods throughout the Bay Area.

Streets are at the nexus of a wide variety of land use and envi-
ronmental issues. An understanding of their scope, history, and
function helps to explain their central importance in the design
of development for stormwater quality.

Considered a number of ways, the street is a large design ele-
ment. In a typical neighborhood, the public right-of-way — the
street — comprises approximately 20 to 25% of total land area,
making it the single most important determinant of neighbor-
hood character. Streets also can comprise up to 70% of a
community’s total impervious land coverage, with the remain-
der of impervious land coverage from rooftops and other struc-
tures. This can make street design the single greatest factor in a
development’s impact on stormwater quality. Because the street
exists in the public right-of-way, it comprises a large proportion
of total public open space in a typical development. It is also
subject to municipal ordinances, standards, and management,
giving local jurisdictions a great deal of control over street de-
sign. For these reasons, the street is the one of the most impor-
tant design elements in site planning, and an element that can
be most directly affected by local ordinances and policies.

Residential streets. Residential streets present a significant
opportunity to apply design for water quality. Unlike streets in
commercial and industrial settings, which must be sized to ac-

3.9 N2 design standards

A typical post-war residential street

36 foot wide with no parkway between sidewalk and curb. This
modern design can be found in newer neighborhoods through-
out the Bay Area.

commodate large trucks, high speeds, and heavy volumes, resi-
dential streets typically are intended for low volume, low speed
automobile traffic.

Prior to World War 11, traditional residential streets were de-
signed as multiple use spaces, shared by pedestrians, children at
play, animals, and low volumes of vehicular traffic traveling at
low speed. The prototypical residential subdivision, laid out by
Frederick Law Olmsted at Riverside, Illinois, in 1869, has 24
foot wide streets with concrete curb and gutter, lined with broad
12 foot wide parkway strips planted with trees. Outside of the
parkway strip is a 5 foot wide sidewalk on both sides.!! This
model was copied all over the United States, and many pre-war
neighborhoods can be found today with similar traditional street

geometries.

After World War II, new street standards were developed to fa-
cilitate the automobile, which was growing both in dominance
and number. Standards set by professional associations such as
the Institute of Transportation Engineers (ITE) and the Ameri-
can Association of State Highway and Transportation Officials
(AASHTO) as well as rules promulgated by the Federal Hous-
ing Administration increased paved area by up to 50% com-
pared to pre-war designs, setting typical residential street width
at 36 feet, plus curb, gutter and 5 feet of sidewalk on both sides.!?
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These standards were applied in communities throughout the
Bay Area and the United States. For ease of maintenance, many
communities abandoned the parkway strip between the curb
and sidewalk, bringing the sidewalk flush with the back of the
curb and eliminating the street trees. In a typical 50 foot wide
right-of-way, this 46 foot wide pavement section (36 feet of
street plus 10 feet of sidewalk) creates 92% impervious land
coverage in the right-of-way. Compared to the inviting, park-
like space of the original Olmsted model, with its 57% imper-
vious land coverage (34 feet of pavement inside a 60 foot right of
way), the modern residential street with its 90% impervious cov-

erage can be a hot, treeless place that generates signifcant runoff.

Today professionals from many fields, including transportation
engineers, landscape architects, urban designers, and environ-
mental scientists, are reevaluating residential streets with the
intent of creating new standards that are more hospitable and
more environmentally responsible. New street standards based
on the pre-war models (known as “neo-traditional design”) are
now being studied and adopted in municipalities across the coun-
try. At the national professional level, ITE has published neo-
traditional street standards that permit local streets between 22
and 30 feet wide, allowing parking on both sides, with or with-
out curbs.

3.4 K2 design standards, continued

local street

serves neigbhorhood
500 to 1,500 ADT
moderate pavement

width

serves abutting properties
<x500 ADT
least pavement width

collector or arterial

bounds neighborhood
> 1,500 ADT

greatest pavement width
3.4a Street hierarchy

3.4a Street hierarchy. Municipal standards generally clas-
sify street widths by the planned function of the street: local,
collector or arterial. Local streets, the smallest class, are intended
to provide access to abutting properties, and have a typical aver-
age daily traffic (ADT) of less than 1,500 vehicles. By defini-
tion, through traffic and truck traffic are generally discouraged
on local streets. Collector streets are an intermediate class, in-
tended to collect traffic from local streets and deliver it to larger
arterial streets. They also can serve as the primary traffic route
within a residential or commercial area, and have a typical ADT
between 1,500 and 3,000. Finally, the largest class (except high-
ways and freeways), arterial streets, have an ADT between 3,000
and 10,000, and are intended to provide long distance travel,
with controlled intersections and higher speeds. For residential

design, local streets are most relevant.

A survey of Bay Area municipalities reveals that the typical
current standard for a two-way local street with parking on
both sides requires two moving lanes, plus two parking lanes,
plus curb, gutter and sidewalks each side, making a total of 40
to 50 feet of pavement within a typical 50 foot right-of-way
(see table).

Yet, the number of vehicle trips on a local street can vary con-
siderably, depending on the number of abutting dwelling units.
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curblgutter required

parking lane
both sides

sidewalk
7o [Idrku{ﬂ}/ two moving
planting vehicle lanes

Typical current standard for a local street:

90+ % impervious land coverage

Given the generally accepted rule-of-thumb for residential street
design of 10 vehicle trips per day per dwelling unit, a street with
ten single family homes can be expected to generate an ADT of
100, or an average of one vehicle trip approximately every 15
minutes (every 6 minutes in the peak hour). In comparison, a
local street serving one hundred homes (1,000 ADT) will gen-
erate an average of one vehicle trip every 90 seconds (every 30
seconds in the peak hour). When built to typical municipal stan-
dards, the two mandated moving lanes of a local street use a
great deal of land area for very little traffic. If the street is con-
sidered in terms of space, rather than lanes, a central space wide
enough for one vehicle can be retained for movement, with park-
ing and waiting space along both sides. In the infrequent in-
stance when two vehicles approach in opposite directions, one
vehicle can pull into the parking lane to allow the other vehicle
to pass in the central moving space. The many driveway open-
ings on either side of the street ensure than at any given seg-
ment of the street some space will be available for waiting, even
if parking spaces are full on both sides. On lightly traveled streets,
the minor inconvenience of waiting for oncoming traffic does
not occur very often, making a shared central moving space
feasible for streets serving up to 50 dwelling units (500 ADT,
one vehicle every 3 minutes average, every 1.5 minutes peak).!?

Impervious land coverage and street design standards.

Most Bay Area municipal street standards mandate over 80% imper-
vious land coverage in the public right-of-way. Alternative standards
can significantly reduce impervious land coverage while meeting ac-
cess needs of local, residential streets.

Representative local street standards for Bay Area municipalities.

Jurisdiction Street  curb/gutter sidewalk  parkway ro.w.
width  required required  planting imper.
Alameda Co. 40 fe.  yes 5’[side no 100%
Concord 36 yes 4’/side varies  90%
Contra Costa Co. 32 yes 4[side no 78%
Palo Alto 40 yes 4 [side yes 85%
San Jose (std.) 35 yes 5’[side no 100%
San Mateo Co. 36 yes 4[side no 94%

Alternative street standards for local and access streets.

Neotraditional ~ 28+ no £+ yes 74%
Rural 20+ no no yes 36%
San Jose (alt.)T 30 yes 4 [side yes 81%

(All standards reflect minor or local street standards for flat areas to
accommodate two way traffic, with parking both sides, typical right-
of-way between 45 and 60 feet wide.)

T San Jose Narrow Residential street standard, parking one side only.

Bay Area Stormwater Management Agencies Association
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Unlike most municipal standards, which set street width by num-
ber of vehicle lanes and roadway classification (local, collector,
arterial), street design by anticipated traffic volumes (ADT) al-
lows for varying pavement width to match usage. Using the
analogy of stream flow, this “headwaters streets” system allows
the most “upstream” streets, those serving approximately 50 ad-
jacent dwelling units, to have widths as low as 16 feet while
allowing two-way traffic. As traffic volumes increase on neigh-
borhood streets, pavement widths also increase, just as streams
widen downstream to accommodate increased water volumes. !4
In practice this generates a new class of street for very low traffic
volumes, referred to as “access” streets, which are below “local”

street in the standard street hierarchy.

For example, an access street serving 50 single family homes
(25 each side) with 50 foot width lots would require 1,250 lin-
ear feet of street [(50 sth/2) x 50 ft = 1250]. A 36 foot wide
street would cover 45,000 square feet, usually in impervious
asphalt or concrete pavement. A 26 foot wide street would cover
32,500 square feet, a reduction of 12,500 of impervious land
coverage. Assuming street construction costs of $3 per square
foot, this reduction in pavement generates a $37,500 reduction
in development costs, or $750 per lot. This does not account
for added cost reductions in reduced need for drainage systems
because of smaller impervious land coverage. Even greater re-
ductions in pavement can be achieved if on-street parking is
not required on both sides the entire length of the street, or if
sidewalks are not required on both sides.

3.4 N2 design standards, continued

General considerations for residential street design. Alternative
standards are feasible for local residential streets that employ
“neo-traditional” or “headwaters street” design. These alterna-
tive standards can reduce impervious land coverage and provide
drainage systems with less impact on stormwater quality com-
pared to current typical municipal street standards, while ac-

commodating local traffic and emergency access.

Street designs are often controversial, and development of new
street standards must meet a variety of engineering, public safety
and functional criteria. Municipal agencies with a strong inter-
est in street design, such as Public Works, Planning, and emer-
gency service providers, often differ on priorities and approaches.
Alternative standards must be developed cooperatively so that
each agency’s legitimate interests are accommodated. In mu-
nicipalities which have not adopted alternative standards, de-
velopers can propose these designs as part of a planned unit
development zoning, subject to government approval.

Several communities in the United States have recently adopted
new street standards for local access streets, including Bucks
County, PA., Boulder, CO., Portland, OR, and San Jose, CA."
These new municipal street standards vary, but they all include
reduced street widths (generally between 16 and 30 feet), shared
moving lanes, reduced design speeds, and an ability to omit
curbs, gutters and/or sidewalks on one or both sides. New ITE
neo-traditional street design standards currently in review may

help formalize acceptable alternative residential street designs.'®
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entire site covered
with parking

Parking is the greatest single land use in most industrial, office,
and commercial development. Municipal codes usually man-
date a minimum amount of parking and the type of approved
pavement. Adjusting these requirements can significantly miti-
gate the negative environmental impact of parking, while still

providing adequate storage space for cars.

Amount of parking. Parking minimums have been established
by planners and professional associations, such as Urban Land
Institute, the Institute of Transportation Engineers, the National
Parking Association, and the American Planning Association.
These minimums are based on empirical methods, usually by
counting cars parked at existing land uses, identifying the peak
use, and then requiring developers to supply enough parking to
meet the peak demand (or near peak demand). These standards
typically result in a large, underutilized parking capacity.

For example, a 1995 study of office buildings in ten California
cities found that peak parking demand averaged only 56% of
capacity. In shopping centers, parking lot design standards sup-
ply enough parking for the demand at the “20th busiest hour”
of the year. This means that for all but 19 of the 3,000 hours
that a typical center is open annually there will be a parking
surplus, leaving at least half of the center’s spaces vacant at least

40 percent of the time.

Because of these high minimum standards, parking and its as-
sociated transportation system usually account for the majority

of land use in commercial and industrial sites. A recent survey

= Y- Parking requirements

completed by the City of Olympia, Washington, for example,
found that over half of the city’s commercial sites were devoted
to parking and driveways.

Not only do these standards and their related zoning ordinances
mandate high parking minimums— developers are free to build
more. They usually do, if they can, because retailers and office
tenants demand “plenty of parking” — they naturally want to
make it easy for shoppers and tenants to reach their sites. Also,
conventional asphalt parking lots are less expensive to build and
maintain than turf or landscaped areas, further contributing to
the tendency to build even more than the minimum standards.

Land Use Solutions. Several solutions can promote a more

balanced approach to parking and land use.

a. institute paid parking. Studies show that motorists park
free for 99 percent of all automobile trips. By pricing parking at
its true cost, natural economics would tend to reduce demand,
free more land for other uses, and encourage alternative trans-
portation. Employer-paid parking programs, with cash incen-
tives for employees who opt not to park, or employee-paid park-
ing, have both proven effective at reducing parking demand in
commercial and office uses.

b. reduce parking minimums. Reducing the mandated park-
ing minimums in zoning ordinances can significantly reduce
the amount of parking provided. For example, reducing the of-

fice use minimum from four to three spaces per thousand square

Bay Area Stormwater Management Agencies Association
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feet (1:250, 1:333) would reduce the number of required park-
ing spaces for a 100,000 square foot office building from 400 to
300, a reduction of 25%, or approximately an acre of land that
could be converted from parking to landscape that can be de-
signed to filter and infiltrate the runoff from impervious sur-
faces (see 6.6). Depending on the number of building occu-
pants and availability of alternative transportation, reduced park-
ing minimums may be adequate for a variety of uses.

c. establish parking maximums. Some municipalities, in seek-
ing to reduce the negative impacts of these large parking de-
mands, have established maximum parking ratios instead of the
more conventional parking minimums. For example, Lacey,
Washington, has developed a phased program to implement
maximum parking standards for its downtown. These standards
will be reduced in three year intervals, giving businesses and
travelers time to adjust driving patterns. Parking maximums
prevent developers from building more than the maximum al-
lowed parking, and the scarcity of parking, usually coupled with
pricing strategies, naturally reduces parking demand and en-

courages alternative transportation. !’

d. allow reduced minimum requirements as incentives. Some
municipalities allow reduced minimum parking requirements
as incentives for transportation demand management programs
or for developments that encourage alternative transportation
such as live-work, transit oriented residences, office buildings
with bicycle commuter facilities, or neighborhood retail shop-
ping areas. In these areas parking requirements can be reduced
by as much as 20 to 30%, reflecting the fact that a significant
proportion of people do not park at the site.

e. establish landscape reserves. Another strategy to reduce the
amount of parking that allows for parking expansion if needed
is to identify “landscape reserve” on site plans. These landscape
reserves are areas adjacent to parking lots that are of appropriate
size and geometry to accommodate additional parking. They
are initially installed as landscape areas, but identified as “land-
scape reserve” on approved plans. If the need for parking in-
creases beyond the amount originally provided, the landscape
reserve can be converted to parking.

= WM Parking requirements, continued

[ allow shared parking facilities. Shared parking facilities are
another strategy to reduce overall parking supply, while still
meeting demand. For example, a movie theater’s parking de-
mand is usually evenings and weekends, while office building
demand usually peaks on weekdays— these uses can share a single
parking lot, owned either by the city, or by one or both of the
property owners. In commercial districts, parking supply for
shoppers can be maintained by allowing employees to park on
nearby residential streets, since resident parking peaks in the
evening while employee parking peaks during the day. There
are considerable obstacles to these shared parking approaches,
such as zoning regulations that do not allow combining park-
ing for separate uses, resistance of neighborhood residents to-
wards employee parking on their streets, and liability and in-
surance issues surrounding sharing of a single, privately owned

parking facility by multiple property owners.

g promote parking garages. Underground or above ground
parking garages reduce land coverage by allowing parking to be
stacked or combined with building area. The expense of these
solutions can be mitigated by providing building credits, in-

lieu parking fees, subsidies, or fee waivers.

Parking lot paving. Aside from the amount of occupied land
area, the type of parking lot pavement has a direct impact on
stormwater quality. Parking lots are usually built of impervious
pavement, such as conventional asphalt, and their large land
area makes them a significant contributor to environmental deg-
radation. Permeable materials such as porous asphalt, crushed
aggregate, open-celled unit pavers, or turf block can be suitable
parking lot pavements, especially for parking stalls (as opposed
to aisles— see 6.3a Hybrid parking lot), for outlying spaces that
are only typically used during peak demand (see 6.3¢ Overflow
parking), or for occasional uses such as churches or sports stadi-

ums.

Many municipalities mandate an impermeable pavement such
as conventional asphalt or concrete for parking lots and pro-
hibit the use of other materials. Where these impermeable pave-
ments are mandated, rewriting municipal codes to allow per-
meable pavement alternatives is a prerequisite for their use.'®
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Al those involved in the development industry need to under-
stand the impacts of development on water quality, as well as
the appropriate application of various strategies. This includes
not only those who design and build, but the residents, occu-
pants, and maintenance staff.

Community education and outreach are the key to building
this understanding. Furthermore, community education and

outreach on stormwater impacts is a minimum requirement of

the NPDES regulations.

The NPDES regulations mandate public education and out-
reach and public involvement/participation as minimum con-

trol measures.

The activities enumerated in the regulations include:

* distributing of educational materials to the community

* conducting outreach activities on the impacts of stormwater

* providing public education on how to reduce stormwater
pollution

* informing individuals and households on proper mainte-
nance of stormwater systems

* teaching how to limit the use and runoff of garden chemicals

* promoting local stream restoration through conservation

corps and other citizen groups

=W .0 Community education and outreach

* participating in storm drain stenciling

* targeting specific industries or groups with specific storm-
water impacts (e.g. restaurants and grease impacts on storm
drains)

* engaging the public in a participatory process to develop,
implement and review the local stormwater management
program

* impaneling a group of citizens to participate in the decision-
making process, hold meetings, or work with volunteers

* reaching out to all members of a community.

This outreach effort can be directed towards members of the
public and individuals, as well as to targeted groups of commer-
cial, industrial, and institutional entities likely to have signifi-
cant stormwater impacts. For example, restaurants can be tar-
geted with specific information on the impact of grease on storm
drains, and architects can be targeted with specific information
on selection of building materials and design for stormwater
quality management.

Finally, it is important to involve the public in the development
of outreach programs, and to tailor the message to address the
viewpoints and concerns of all communities, including minor-

ity groups, disadvantaged communities, and children.

Bay Area Stormwater Management Agencies Association
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The current construction environment presents designers and
developers with an array of mandates, regulations, and condi-
tions for approval that relate to stormwater quality. By under-
standing the alphabet soup of acronyms, review agencies, and
conditions it becomes easier to navigate the approval process
and anticipate the design strategies that will be successful.

The National Pollution Discharge Elimination System (NPDES),
a provision of the federal Clean Water Act, mandates that each
large population center obtain a permit to discharge stormwa-
ter. BASMAA’s seven participating stormwater programs, for
example, serve as umbrella organizations for their co-permittee

municipalities.

These NPDES permits are issued by the Regional Water Qual-
ity Control Board (RW@EB), a division of the State of Califor-
nia Environmental Protection Agency. There are nine regions
throughout the state, and each Regional Board monitors each
permittee for compliance.

To meet the goals of the NPDES permit, each local stormwater
program, and each co-permittee within a program, establishes a
Stormwater Management Plan (SWMP). These SWMPs give
specific local requirements targeted to meet the environmental
needs of each watershed, as well as reflecting the political con-
sensus of each community. Because of the differences in each
watershed’s environmental context, as well as each permittee’s
attitude towards balancing environmental protection with eco-
nomic growth, regional SWMPs may have different goals, meth-

ods, or targets.

In order to comply with the NPDES permit and requirements
for a construction permit, each new development project re-
sulting in a land disturbance of five acres or larger must prepare
a Storm Water Pollution Prevention Plan (SWPPP). In a typical
project, a SWPPP is a document consisting of narrative and a
separate sheet within the construction document set, usually in
the Civil Engineering or Landscape series, that outlines both a
plan to control stormwater pollution during construction (tem-
porary controls) and after construction is completed (the per-
manent constructed stormwater pollution prevention elements).
The permanent controls are usually found on the sheet within

the construction documents.

= Y A8 SWMPs, SWPPPs, and BMPs

A SWPPP is a series or collection of Best Management Practices
(BMP). The term Best Management Practice is a widely used,
but somewhat inaccurate nomenclature, because the elements
described as BMPs are not necessarily always best, nor are they
always management practices. They can range from public edu-
cation, like stenciling catch basins (which may not be as good as
replacing the catch basin with an infiltration area), to site plan-
ning and design features, like a vegetated swale (which requires
management but is not a management practice), to street sweep-
ing (which actually is a management practice). In any case, the
term BMP has wide currency and has been formalized in many
local ordinances and codes. This document doesn’t explicitly
use the term BMP to describe the design alternatives presented,
though each could be identified as a BMP in any particular
SWPPP, depending on the requirements of the local SWMP.

The true management practices widely adopted in the past
twenty years like stenciling catch basins and street sweeping,
can be considered ‘first wave BMPs.” These housekeeping prac-
tices have value, and deserve to be continued. But they per-
petuate a conventional approach to stormwater management

based on collection and conveyance.

Given development pressures and the environmental goals es-
tablished by the Clean Water Act, more fundamental changes
are required. Because the most economical and effective strate-
gies arise in site planning and design, this document empha-
sizes ways to minimize the creation of new runoff, and to infil-

trate or detain runoff in the landscape.

These “Second wave BMPs” go beyond incremental changes to a
conveyance storm drain system. They require a new way of think-
ing about impervious land coverage and stormwater manage-
ment. They are a collection of proven methods and techniques
that integrates stormwater management into planning and de-
sign, that reduces overall runoff, and manages stormwater as a

resource, by starting at the source.

These “second wave BMPs”
require a new way of think-
ing about impervious land
coverage and stormwater

management.
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4 Site Design

Yhe fundamental hydrological concepts and stormwater man-
agement concepts can be applied to site planning to generate
forms that are more integrated with natural topography, that
reinforce the hydrologic cycle, that are more aesthetically pleas-

ing and that are often less expensive to build.

A few site planning principles help to locate development on the
least sensitive portions of a site, and to create urban and subur-
ban forms that accommodate land use while mitigating its im-

pact on stormwater quality.

The application of these principles in developing a site plan will
create opportunities for employment of a wide variety of simple
design techniques to infiltrate significant amounts of runoff, im-

prove aesthetics, and reduce development costs.

4.1 Define development envelope & protected areas.
Each site possesses unique topographic and hydrological
features, some of which are more suitable for development
than others. By identifying the development envelope and
protected areas, a site plan can be generated that minimizes
both environmental impacts and construction costs.

4.2 Minimize directly connected impervious areas.
For decades planners, engineers and builders have been
trained to get rid of stormwater. This is accomplished by
connecting impervious areas to storm drains. Yet these “di-
rectly connected impervious areas (DCIAs)” are a principal
contributor to nonpoint source pollution and flow impacts.

4.3 Maximize permeability. A parallel strategy to mini-
mizing DCIAs is to maximize the permeability of the site.
This is accomplished both by preserving open space and by
using permeable pavement surfaces where feasible.

4.4 Maximize choices for mobility. By planning for
alternative modes of transportation — bicycles, pedestrians,
transit — reliance on automobiles can be reduced.

4.5 Use drainage as a design element. Unlike con-
veyance storm drain systems that hide water beneath the
surface and work independently of surface topography, a
drainage system for stormwater quality protection can work
with natural land forms and land uses to become a major
design element of a site plan.

Bay Area Stormwater Management Agencies Association
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development envelope

Set back development
from creeks, wetlands, and ri-

parian habitats.

creek setback

Define development envelope and protected areas

The first step in site planning is to define the development en-
velope. This is done by identifying protected areas, setbacks,
easements and other site features, and by consulting applicable
local standards and requirements. Site features to be protected
may include important existing trees, steep slopes, erosive soils,

riparian areas, or wetlands.

By keeping the development envelope compact, environmental
impacts can be minimized, construction costs can be reduced,
and many of the site’s most attractive landscape features can be
retained. In some cases economics or other factors may not al-
low avoidance of all sensitive areas. In these cases, care can be
taken to mitigate the impacts of development through site work
and other landscape treatments.

Preserve significant trees. Avoid erosive soils and

Trees protect soil structure, slopes. These include steep
aid in soil permeability, and  or long continuous slopes,
provide aesthetics. soils high in silt or fine sand,
or soils lacking vegetative

cover.

existing significant trees erosive soils
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Directly connected impervious area (DCIA)

slopes to center
catch basin

solid underground pipe

pollutants concentrated at outfall

Not-directly connected impervious area

sheet flow to soil

infiltration

subsurface flow

" B Ninimize “directly connected impervious areas”

Impervious areas directly connected to the storm drain system
are the greatest contributor to nonpoint source pollution. Any
impervious surface which drains into a catch basin, area drain,
or other conveyance structure is a “directly connected impervi-
ous area (DCIA).” 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 structure and carried directly along im-
pervious gutters or in sealed underground pipes, it has no op-
portunity 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.

A basic site planning principle for stormwater management is
to minimize these directly connected impervious areas. This can
be done by limiting overall impervious land coverage or direct-
ing runoff from these impervious areas to pervious areas and/or
small depressions, especially the first 1/3 to 1/2 inch of rain.
This means that if the site is 50% impervious, then the pervi-
ous areas must have capacity to infiltrate two times the treat-
ment depth. In this example, that is 2/3” to 1” of rain, because
both surfaces are subject to rain. Larger storms may require an
underground storm drain system, but even these systems can
mitigate stormwater quality impacts if runoff from impervious
surfaces passes through pervious areas and depressions before
being collected in conveyance devices.
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narrow street

existing trees and
infiltration basins preserved

W= Maximize permeability

Wi thin the development envelope, many opportunities are avail-
able to maximize the permeability of new construction. These
include minimizing impervious areas, paving with permeable
pavement materials, clustering buildings, and reducing the land
coverage of buildings by building taller and narrower footprints.
All of these strategies make more land available for infiltration
and open space.

Clustered driveways, small visitor parking bays, and other strat-
egies can also minimize the impact of transportation-related sur-

faces while still providing adequate access.

Once site coverage is minimized through clustering and careful
planning, pavement surfaces can be selected for permeability. A
patio of brick-on-sand, for example, is more permeable than a
large concrete slab. Gravel, mulch, and lawns are permeable
ground covers suitable for a wide variety of uses. Pervious con-
crete and porous asphalt, used in the eastern United States, are
alternative materials that can preserve permeability where a larger,

more intensely used paved area is needed.

Maximizing permeability at every possible opportunity requires
the integration of many small strategies. These strategies will be
reflected at all levels of a project, from site planning to materials
selection. In addition to the environmental and aesthetic ben-
efits, a high-permeability site plan may allow the reduction or
elimination of expensive underground conveyance storm drain

systems, yielding significant savings in development costs.
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= W W Maximize choices for mobility

Given the costs of automobile use, both in land area consumed
and pollutants generated, maximizing choices for mobility is a
basic principle for environmentally responsible site planning.
By designing developments to promote alternatives to auto-
mobile use, a primary source of stormwater pollution can be

mitigated.

Bicycle lanes and paths, secure bicycle parking at community
centers and shops, direct, safe pedestrian connections, and transit
facilities are all site planning elements that maximize choices

for mobility.

The automobile is a valuable, essential element of our current
transportation system, and its use must be accommodated. But
by giving comparable accommodation to other transportation
modes, less environmentally costly choices for mobility become

more viable.
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4.5 Wy drainage as a design element

Unlike conveyance storm drain systems that hide water be-
neath the surface and work independently of surface topogra-
phy, a drainage system for stormwater infiltration can work
with natural land forms and land uses to become a major de-
sign element of a site plan.

By applying stormwater management techniques early in the
site plan development, the drainage system can suggest path-
way alighment, optimum locations for parks and play areas,
and potential building sites. In this way, the drainage system
helps to generate urban form, giving the development an inte-
gral, more aesthetically pleasing relationship to the natural fea-
tures of the site. Not only does the integrated site plan comple-
ment the land, it can also save on development costs by mini-

mizing earthwork and expensive drainage structures.

Attractive? Yes. Nuisance? Not necessarily. Because of
concerns about safety and liability, many developers and mu-
nicipal agencies are reluctant to combine stormwater facilities
with recreational uses. Yet, a well-designed stormwater facility
can be safe and attractive.

This sand play area at Village Homes in Davis, California,
doubles as a stormwater detention basin. Designed to hold about
six inches of rainwater, this playground has been in use for over
twenty years without any reported water-related accidents, law-
suits, or injuries.'? It shows that multi-use stormwater manage-

ment facilities can be both attractive and safe.
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3 Drainage Systems

Conventional drainage systems are designed to achieve a single
objective — flood control during large, infrequent storms. This
objective is met by conveying and/or detaining peak runoff from
large, infrequent storms. Drainage systems designed to meet a
single flood control objective fail to address the environmental
effects of increases in runoff volume and velocity caused by devel-
opment, as well as flow peaks. Increased runoff from small, fre-
quent storms erodes urban streams and washes eroded sediment
and other constituents from the urban landscape into down-
stream receiving waters, often damaging adjoining property and

impairing their use by people and wildlife.

Today’s drainage systems must cost-effectively manage flooding,
control streambank erosion, and protect water quality. To do
this, designers must integrate conventional flood control strate-
gies for large, infrequent storms with three basic stormwater
quality control strategies for small, frequent storms:

* infiltrate runoff into the soil,

*  retain/detain runoff for later release,

*  convey runoff slowly through vegetation.

Integrated flood controllstormwater quality control designs must
meet a variety of engineering, horticultural, aesthetic, functional,
economic, and safety standards. This chapter briefly outlines

methods and criteria for drainage system design.

Drainage Systems

5.1 Drainage system design process
5.2 Site conditions

5.3 Soils

5.4 Pollutants

5.5 Drainage system elements

5.6 System design techniques

5.7 Water quality volume

5.8 Manufactured treatment devices

Today’s drainage systems must
cost-effectively manage flooding,
control streambank erosion, and

protect water quality.
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a. Minimize directly-
connected impervious remaining DCIA
areas (DCIA) require treatment

of runoff?

Site Design 4.1 — 4.5

NO

5.1 sz'nge system desz'gn process

c. Select stormwater quality d. Integrate stormwa-

controls for remaining ter quality controls

impervious areas into site design

Drainage Systems 5.1 — 5.8 Design Details 6.1 — 6.7

Controls

5.1 Drainage system design process. The simple design
process described below establishes the foundation of a drain-
age system for stormwater quality.

a. Minimize directly connected impervious area (DCIA).
Using the concepts and site planning strategies outlined previ-
ously, design a project to minimize directly connected impervi-

ous area.

The DCIA is measured by adding together the square footage
of all impervious surfaces that flow directly into a conveyance
stormwater system. These impervious surfaces are principally
comprised of rooftops and conventional pavements. Impervi-
ous surfaces that are not directly connected to a conveyance
system are not included in the calculation of DCIA. However,
to be considered “disconnected,” intervening pervious areas re-
ceiving runoff (p) must be at least one half the size of impervi-
ous surface areas generating runoff (i). The pervious area must
also be of appropriate width, location and slope, and design to
effectively manage runoft. 2°

Impervious areas are con-
sidered “disconnected” if*
p212i

b. Identify DCIA requiring treatment. In some areas, a site’s
DCIA coverage may not require stormwater controls if the re-
quired treatment is based on other factors (e.g. if site is located
upstream from existing or regional treatment facilities, or if it is
an infill development in an existing urbanized watershed). If
site DCIA coverage is not treated in another manner, some form
of stormwater quality control on-site is probably needed.

c. Select stormwater quality controls for remaining im-
pervious areas. There are three stormwater quality controls
appropriate for the Bay Area: infiltration, detention/retention,
and biofilters. Using these approaches, alone or in combination
depending on site conditions and soils, drainage systems can be
designed to reduce flows and manage pollutants.

d. Integrate stormwater quality controls into site design.
The Design Details section (Chapter 6) describes the many op-
portunities available to site designers for reducing DCIA and
incorporating stormwater quality controls into site design. Lo-
cal municipalities and developers can evaluate their particular
opportunities and constraints to determine practical solutions
within the framework presented here. Chapter 8 has more de-
tailed information on each of these design details.
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W W Site conditions

5.2 Site conditions. Site designers and municipal site plan
reviewers must understand site conditions and use these as the
basis for selecting appropriate scormwater quality controls.

a. Local climate. The Bay Area is distinctive for its widely
varied local climates. Local climate will influence selection of
controls for a specific site. For example, controls that rely upon
vegetation to stabilize soils and filter pollutants may be appro-
priate in coastal areas with more moisture and/or moderate tem-
peratures, while pervious pavements may be better in hotter,
drier portions of the Bay region where vegetation must be more
heavily irrigated.

b. “Design storm” size. Design storms used to size storm-
water quality controls are significantly different than those used
for conventional drainage and flood control facilities. Storm-
water quality design storms generally are based on the capture
of a certain fraction of the average annual runoff from the site
or development. The rainfall analysis presented in the Califor-
nia Storm Water Best Management Practices Handbook indi-
cates that the most “cost-effective” level of stormwater quality
protection occurs when about 75 to 85 percent of the annual
rainfall is captured and held long enough to allow about 80
percent of the suspended solids to settle (between 12 and 40
hours). This design storm volume ranges between 1 and 1.6
times the average storm volume of about 0.05 feet (0.6 inches)
in the Bay Area.?! The actual design storm volume within this
range depends on the drawdown time of the selected stormwa-
ter quality control.

¢. Soils. Site designers must know the soils at the site when con-
sidering infiltration measures including pervious pavements. Soil
conditions will determine whether a site is suitable for infiltra-
tion, or if a detention/retention system is required. See 5.3 Soils.

d. Eresion. Erosive soils impair the effectiveness of most storm-
water quality controls, and must be stabilized before installing
these controls. Excessive sediment clogs infiltration devices, rap-

idly fills detention basins, and covers vegetative measures.

e. Slope. Most stormwater quality controls are sensitive to the
slope of local terrain. Biofilters and infiltration basins cannot
be used in steep terrain, while detention basins usually can be
made to work on any reasonably sized land parcel, as long as the
area is not subject to landslides.

f. Flood control and drainage. Stormwater quality controls
are sized to capture runoff from storms much smaller than those
used to size drainage and flood control systems. Site developers
should first consider an integrated system that achieves both
stormwater quality and flood control objectives. In these inte-
grated systems, runoff from small storms and the first portion
of larger storms enters the stormwater quality control system.
Flows exceeding the runoff volume of the stormwater quality
control system are either bypassed into a separate drainage/flood
control system or accommodated within the stormwater qual-
ity control system (as long as these larger flows do not “flush
out” the pollutants captured from smaller storms).

local climate

erosion

design storm

slope

flood control
and drainage

5.2 Site conditions
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5.3 R

5.3 Soils. The USDA Natural Resources Conservation Ser-
vice (NRCS) [formerly the Soil Conservation Service (SCS)],
classifies a soil’s hydrologic effects into four Hydrologic Soil
Groups (HSG), labeled A through D. Group A and B soils pos-
sess the greatest infileration rates (unless soils are compacted
during construction) and are generally best suited to stormwa-
ter infilcration. However, the Bay Area has a relatively high
concentration of Group C and D soils, which possess lower in-
filtration rates that generally limit use of infiltration-based storm-

water management systems.

Some soils have compound classifications, such as A/D. This
indicates that the natural soil is in group D because of a high
water table which impedes infiltration and transmission, but
following artificial drainage using such methods as perforated

pipe underdrains, the soil’s classification is changed to A, mak-
ing it more appropriate for infiltration with proper site design.

For a specific site, the HSG designation can be obtained by
referring to a local soil survey, by consulting the complete na-
tional listing given in NRCS Technical Release 55, or by per-
forming an on-site investigation. The accompanying table pre-
sents soil infiltration rates for each soil group determined by
laboratory studies and measurements. Site designers should com-
pare the design runoff volume with the available soil storage
volume to determine if infiltration is feasible, and then use the
infiltration rates to determine if the design runoff volume can
infiltrate within a reasonable time (generally 24 to 48 hours).
For sites with Group C and D soils, retention- and detention-
based strategies are often more feasible than infileration designs.

Hydrologic soil groups (HSG)>

Group A: Low runoff potential. Soils having high infil-
tration rates even when thoroughly wetted and consisting
chiefly of deep, well-drained sands or gravels. These soils

have a high rate of water transmission.

Group B: Soils having moderate infiltration rates when
thoroughly wetted and consisting chiefly of moderately
deep to deep, moderately well to well drained sandy loam
soils with moderately fine to moderately coarse textures.

These soils have a moderate rate of water transmission.

Group C: Soils having slow infiltration rates when thor-
oughly wetted and consisting chiefly of silty-loam soils with
a layer that impedes downward movement of water, or soils
with moderately fine to fine texture. These soils have a

slow rate of water transmission.

Group D: High runoff potential. Soils having very slow
infiltration rates when thoroughly wetted and consisting
chiefly of clay soils with a high swelling potential, soils with
a permanent high water table, soils with a claypan or clay
layer at or near the surface, and shallow soils over nearly
impervious material. These soils have a very slow rate of

water transmission.

Typical soil infiltration rates.”

Soil Type Min. Infiltration Rate
(inches per hour)

A 0.30 to 0.45

B 0.15 to 0.30

C 0.05 t0 0.15

D 0 to 0.05
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5.4 Pollutants. In a natural state, water is not chemically pure.
It contains sediment, minerals, and other impurities depending
on the surrounding geology and climate. These impurities do
not often arrive at lakes, streams, and bays (known as “receiving
waters’) in concentrated form, because rainfall can infiltrate
slowly into the soil, where it is cleansed by natural biologic pro-
cesses. When rain falls faster than it can infiltrate, runoff flows
over the surface. In most natural conditions, this runoff travels
slowly through vegetation, and suspended particles settle or are
filtered, sending cleaner runoff to receiving waters.

The impervious surfaces associated with urbanization prevent
water from infiltrating and increase the rate of runoff. One can
see rain fall on urbanized impervious surfaces — streets, roof-
tops, parking lots, trash and fuel handling areas, and pervious
surfaces such as lawns, playfields, and exposed construction sites.
Less visible are the foreign constituents that runoff carries as it
flows quickly across urbanized surfaces and empties into its fi-
nal receiving water. Understanding what pollutants are and
where they come from can aid in designing effective stormwa-

ter treatment controls.

Constituents*

Sediment. Roads, parking lots, and roofs are common sources
of sediment due to wear. Unstabilized landscaped areas, stream
banks, unprotected slopes and denuded dirt areas also contrib-
ute. Sediment is a main component of total suspended solids
(TSS), and is detrimental to aquatic life. Sediment also trans-
ports pollutants such as trace metals, nutrients, and hydrocar-
bons that attach to each particle.

Organic Compounds. These compounds are derived from auto-
motive fluids, pesticides, and fertilizers. Organic compounds
often attach to soil particles. Removal of soil particles from
runoff via sedimentation or filtration will likely reduce the sur-

face water pollution potential of organic compounds as well.

Nutrients. Nutrients include nitrogen, phosphorus, and other
organic compounds which can be found in organic litter, fertil-
izers, food waste, sewage and sediment. Excess nutrients im-
pact creek health and impair use of water in lakes and other
water supply sources by promoting excessive growth of algae or
vegetation (i.e. eutrophication).

Metals. Sources of trace metals (copper, lead, cadmium, chro-
mium, nickel, and zinc) can include motor vehicles, roofing
and construction materials, and chemicals. Trace metals can be
toxic to aquatic organisms and, in accumulated quantities, can
contaminate drinking water supplies. Removal of sediment from
runoff via sedimentation combined with surface infiltration will

reduce the amount of metals that reach receiving waters.

Bacteria and viruses. Sources include animal excrement (found
in areas where pets are often walked), sanitary sewer overflow,
and trash handling areas (dumpsters). Bacteria and viruses may
pose public health and safety concerns if they are present in

drinking water reservoirs or recreational water bodies.

Oil and Grease. Sources of oil and grease include motor ve-
hicles, food service establishments, and fueling stations. Oil
and grease act as carriers for heavy metals and contain hydro-
carbon compounds, which even at low concentrations may be

toxic to aquatic organisms.

With proper maintenance of stormwater management systems,
pollutants infiltrating into the soil do not usually pose a risk of
contaminated soil or groundwater. Risk is greater when there is
a concentrated source of pollutants, such as in a heavy indus-
trial site or in the case of illegal disposal.

A case study by the USGS of a groundwater recharge basin in
Fresno showed that a wide variety of urban runoff pollutants
were removed by sorption within the top 1.5 inches of sedi-
ment in the basin, but no pollutants were found in the sedi-
ment at depth greater than six inches. This shows that the pol-
lutants have not traveled more than six inches deep — well above

the level of groundwater wells.”
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Residential developments present the least potential of contami-
nation of groundwater or soil from infiltration systems, accord-
ing to a recent study completed by the EPA.2¢ This is because
residential developments generally have low concentrations of
pollutants, and the pollutants that are present have low solubil-
ity and mobility. High concentrations, when they occur, such
as nitrates and pesticides or an oil spill in a driveway, are local-
ized and small. Based on recent EPA analysis of groundwater
protection and infiltration, the Santa Clara Valley Water Dis-
trict, for example, is currently considering revising their policy
to permit infiltration basins 10 feet or less in depth.?’

Risk of groundwater contamination from residential infiltra-
tion systems is further minimized by findings that metals tend
to remain within the upper one foot of soil depth. Organics
such as petroleum hydrocarbons migrate slowly downward- al-
lowing natural degradation to occur. Furthermore, drinking
water is typically drawn from significantly greater depths. In
the Santa Clara Valley, for example, wells pumped for drinking
water supply are deeper than 50 feet by ordinance. In some
portions of the valley, water companies pump from in the range
of 400 feet, much deeper than the potential migration of most
common pollutants. 28

Some pollutants, such as nitrates and solvents, can migrate to
depths that can ultimately threaten water supply wells. Illegal
dumping of waste oil, pesticides, herbicides, paint, paint thin-
ner and other chemical products into any type of infiltration
device presents additional risk to groundwater. Local water dis-
tricts and other agencies generally have policies and strategies to
protect groundwater supplies from these threats. These policies
are an attempt to balance the environmental benefits of infiltra-
tion with the compelling need to protect soil and groundwater
supplies.

W W Pollutants, continued
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notch for overflow

basin for settlement
and infiltration

5.5 Drainage system elements. Drainage systems can achieve
stormwater management goals by using one of three basic ele-
ments, either alone or in combination, depending on site and other
conditions: infiltration, retention/detention, and biofilters.

5.5a Infiltration. Infiltration is the process where water en-
ters 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 re-
stores natural flows to groundwater and downstream water bod-
ies. Infiltration systems are designed to infiltrate the majority of
runoff from small storms into the soil rather than discharging it
into a surface water body. Infiltration basins can range from a
single shallow depression in a lawn, to an integrated swale, pond,
and underground storage basin network.

Site soil conditions generally determine if infiltration is feasible.
In Soil Groups A and B (see 5.3) infiltration is usually accept-
able, but it is severely limited in Soil Groups C and D. Itis also
limited where high groundwater, steep slopes, or shallow bed-
rock is present.

5.5 DV&liﬂélge system e[ements

Infiltration basins can be either open or closed. Open infiltra-
tion basins, which include ponds, swales, and other landscape
features, are usually vegetated — the vegetation maintains the
porous soil structure and reduces 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 diffi-
cult to maintain and more expensive than surface systems, and
are used primarily where high land costs demand that the land

surface be reclaimed for economic use.

Other design considerations include clogging that may occur in
very fine or poorly drained soils and impacts on slope stability
of hillside sites. Infiltration basins are best installed at the end
of construction, after the site is fully stabilized. If installed early,
bypass flows until the site is stabilized, as construction-related
runoff may contain a high proportion of silts which can clog
the basin floor.

Infiltration systems have been used by Caltrans and local juris-
dictions in California for about three decades?’, though heavy
Bay Area soils sometimes limit their local application. The basic
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opening for reduced outflow

basin for settlement

5.5b Refention/detention basin

design goal of infiltration systems is to provide opportunities
for rainwater to enter the soil. This is generally accomplished
by retarding the flow of runoff, and by bringing it in contact
with the soil, either by holding it in ponds or moving it slowly
along the ground surface. Infiltration basins are most economi-
cal if placed near the source of runoff; but they should be avoided
on steep, unstable slopes or near building foundations.

5.5b Retention and detention. Retention and detention
systems differ from infiltration systems primarily in intent. While
infiltration systems are intended to percolate water into the solil,
retention/detention systems are designed primarily to store run-
off for later release. Detention systems store runoff for one to
two days after a storm and are dry until the next storm. Reten-
tion systems usually have a permanent pool that retains the runoff
volume until it is replaced during the following storm. Properly
designed retention/detention systems release runoff slowly
enough to reduce downstream peak flows to their pre-develop-
ment levels, allow fine sediments to settle, and uptake dissolved
nutrients in the runoff where wetland vegetation is included.
Retention/detention systems are most appropriate for areas where
soils percolate pootly, that is, C/D solls.

5.5 sz’nage system elements, continued

The permanent pool of a retention system and the storage vol-
ume in a detention basin are both sized equal to the runoff
volume from the stormwater quality design storm, plus an ad-
ditional 20 percent of this volume for sediment storage. Deten-
tion system outlets are generally sized to release 50 percent of
this volume within 12 to 16 hours, and the remainder in an-
other 24 to 32 hours.

Outlets of detention systems may clog easily if not properly
designed and maintained. Retention system outlets must both
maintain the permanent pool and slowly release runoff during
cach storm. Retention times in the permanent pool commonly
are set at one to three days for removal of fine sediments, and
up to two weeks for removal of dissolved nutrients through bio-
logical uptake by wetland vegetation. Common outlet designs
are orifices, perforated risers, and V-notch weirs, with an emer-
gency spillway provided to safely convey storms larger than the
stormwater quality design storm.

5.5¢ Biofilters. Biofilters, also known as vegetated swales, are
vegetated slopes and channels designed and maintained to trans-
port shallow depths of runoff slowly over vegetation. Biofilters
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5.5¢ Biofilter

are effective if flows are slow and depths are shallow. This is
generally achieved by grading the site and sloping pavement in
a way that promotes sheet flow of runoff. For biofilter systems,
features that concentrate flow, such as curb and gutter, paved
inverts, and long drainage pathways across pavement, must be
minimized. The slow movement of runoff through the vegeta-
tion 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 and reduces run-
off volumes.

Slow, shallow sheet flow is maintained in the biofilter by con-
structing it with gently sloping sides (3:1 slope max.), minimal
longitudinal slope (1 to 2% recommended, with check dams
for steeper slopes), and a flowpath length of at least 10 feet. The
key concept is to move water slowly through the vegetation.
The most common ground cover material is turfgrass, which
must be irrigated through the dry season. For a turfgrass lined
biofilter to work effectively, the turf must be mowed regularly
and the cuttings removed.?” Where slopes are less than 1% or

where groundwater is high, wetland vegetation can be used in

biofilters. Clay soils, or soils where vegetation are inhibited, are
generally not appropriate for biofilters.

Biofilters are especially applicable to parking lots, as the long
aisles can be sloped into linear grass swales to collect and treat
runoff from pavement surfaces. Adjacent pavement elevations
should be set slightly higher than the adjacent biofilter. If water
enters at concentrated points, as opposed to sheet flow, erosion
control should be included at inlets and outlets.>

Biofilters should be designed using the stormwater quality de-
sign storm. The peak depth of the hydrograph should be less
than 3 inches and peak velocity less than 1 ft/second. Large
storms should bypass the biofilter, or the biofilter should be
sized to accommodate larger storms while meeting water qual-
ity criteria. The bottom width of the swale is generally 2 to 8
feet, with grass height of 4 to 6 inches and maximum water
depth of less than 2 inches.
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aesthetics

shallow basin side slopes

maintenance vegetation
acceess
multiple uses
(habitat)
multiple uses
(recreation)
forebay
two-stage design
(micro-pool)
low-flow channel
5.6 System design techniques. A variety of techniques are d. Low flow channel. A low-flow channel conveys dry-
available to design stormwater management systems for water weather flows and the last of captured volume to the basin

quality protection so that safety and aesthetics are maximized outlet.

while minimizing maintenance. A key element of system de- . . .
e. Vegetation. Plant vegetation to control erosion and en-

sign is to provide a means for managing the runoff from large .
hance sediment entrapment.

storms — either a spillway or an embankment designed to with-

stand overtopping. The stormwater management system is usu- f. Maintenance access. Access for maintenance must be

ally comprised of a series of individual elements — basins, swales included in the design of all elements. While most smaller

and pipes — in an interconnected, continuous system. Some of basins and swales can be serviced by typical garden mainte-

the techniques available to integrate these elements into the site nance methods, larger basins may require stable vehicular

plan and improve their functionality include: access ways to forebays and outlets for periodic cleaning or
dredging.

a. Two-stage design. Place 15 to 25% of the volume at a . .
) i g. Multiple vses. Incorporate flood control, recreational

lower stage to create a micro-pool that fills often, keeping . . o .
i . ' facilities, landscaping, and/or wildlife habitat into system

the rest of the basin dry and sediment-free most of the time. desien
b. Basin side slopes. Sct side slopes at 4:1 or flatter to 8

prevent bank erosion and minimize risk of drowning, h. Aesthetics. Integrate the basins and swales into the site to
. . . . take advantage of the aesthetic qualities of water and plant
¢. Forebay. Design basins so that larger particles settle in materials
depressions at basin inlets, and so inflows do not erode or '
resuspend materials in forebay. Plan for maintenance to
remove trash, debris and sediment that collects in the fore-
bay, as this is essential to protecting the aesthetic value of

the basin and in reducing long-term maintenance costs.
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Stormwater systems are engineered to handle specific runoff
volumes and flow rates. For flood protection, systems are de-
signed with capacity for the expected peak runoff volumes and
flow rates of a given design storm size. This is known as the
“peak runoff volume.” Peak runoff volumes and flow rates are
calculated for various design storm sizes, depending on local
conditions, codes, and the potential damage that can be caused
by flooding. Large drainage systems flood very infrequently, but
they are expensive to construct. Therefore, drainage systems are
typically sized to balance flooding risk and cost. Street drainage
systems are typically designed for a 10-year storm, meaning that
there is a 10 percent chance in any given year that a storm will
be large enough to overwhelm the drainage system and flood
the street. Since the flooding of a street once every ten years, on
average, is a minor inconvenience, designing streets for a ten
year storm represents a generally accepted balance of protection
and cost. Homes and buildings suffer more severe damage from
flooding, and are typically designed to remain protected in the
100 year storm, meaning that the probability of flooding is one

percent in any given year.

The same need to balance costs and benefits applies to drainage
system design for stormwater quality protection. Many pollut-
ants may be carried by small, frequent storms. Because of this
phenomenon, the water quality protection component of a
drainage system can be designed to manage a much smaller vol-
ume and flow rate of water than the flood protection compo-
nent. Also, because most rainfall occurs in small, frequent storms,
water quality systems with relatively small capacities can have a
large impact in minimizing overall runoff and preserving base

stream flows.

This amount of water that can be managed to protect water
quality is called the “water quality volume (wqv).” The water
quality volume can be managed through pollution prevention,
infiltration, retention/detention, and biofiltration.

The wqv is the amount of runoff from impervious areas that
must be managed before being released into the conveyance
storm drain network or receiving water. As with flood control
volumes, there are a variety of approaches and standards for

5.7 R\iae quality volume

defining the water quality volume:
* as a proportion of total annual runoff from impervious sur-
faces
* as a depth of rainfall
* as the runoff from impervious surfaces of a storm with a

particular recurrence interval.

Note that the water quality volume applies only to impervious
areas. It is not generally necessary to treat runoff from pervious
areas. For this purpose, pervious areas are defined as those areas
with a coefficient of runoff of 0.30 or less, meaning that 70%
or more of the rainfall landing on a given surface infiltrates into
the soil.

Because BASMAA is an association of several stormwater pro-
grams representing dozens of municipalities, each with differ-
ent circumstances, this document does not establish specific

hydrologic criteria or a specific water quality volume.

As with flood control, there are a variety of standards and ap-
proaches for quantifying how to manage stormwater for water
quality protection. The California Storm Water Quality Task
Force, in its Storm Water Best Management Practice Handbooks
(1993), and the Water Environment Federation/American So-
ciety of Civil Engineers in their jointly published Urban Runoff
Quality Management (1998) each adopted an 80% annual cap-
ture rate as a standard of practice for the water quality volume.
In the San Francisco Bay Area, this translates into approximately
the first 0.50-1.25 inches of rain, or a two-year recurrence in-

terval storm.

The Center for Watershed Protection in Silver Spring, Mary-
land, aleading independent research center, recommends a 90%
annual capture rate. Some jurisdictions, such as the City of
Olympia (WA) and the Washington State Department of Ecol-
ogy, have focused on reducing impervious land coverage, adopt-
ing impervious surface reduction targets rather than emphasiz-

ing a specific water quality volume.
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separator

Some areas are so densely developed that streets, buildings and
walkways provide almost complete impervious land coverage.
Here, land values prohibit the use of landscape solutions such
as biofilters, infiltration basins, or wet ponds. In addition, the
soil conditions in these highly urbanized locations often do not
support infiltration, further reducing the practicality of land-
scape stormwater quality systems.

In these areas, if treatment is required, manufactured treatment
systems can be inserted into a conventional conveyance storm
drain system. In some cases, these devices can supplement more
integrative site planning and landscape strategies.

These devices are available from many manufacturers, and gen-
erally function to separate urban pollutants from runoff. They
have minimal impact on reducing overall runoff volumes or
mitigating peak flows. Other considerations include both ini-
tial expense and the cost of intensive, regular maintenance rec-
ommended by device manufacturers, which can include trash
removal, replacement of filters, flushing cartridges, and vacu-
uming of sediment.

Though promoted by their manufacturers, these devices are
considered experimental by the scientific community, and their
efficacy is still under study. Though many proprietary designs

W Man ufactured treatment systems

are available, general product categories are presented here.

Catch basin or inlet inserts. Also referred to as inlet filters, catch
basin inserts are trays or baskets containing filter and/or oil-
absorbent materials installed on the inside of storm drain inlets
to filter and capture pollutants. They work through filtration,
settling, and absorption.

Separators. These devices (also called oil/grit or oil/water sepa-
rators, water quality inlets, interceptors) are structures designed
to remove pollutants from a wastewater stream based on physi-
cal differences between the pollutant and water. Lighter mate-
rials such as oil and buoyant trash will float to the surface and

heavier materials such as sediments will sink.

Media filters. These devices use media to filter pollutants from
urban runoff. Media includes sand, gravel, peat, compost, acti-

vated carbon, fabric, and resin.

In a watershed plan that employs clustered, dense development
to preserve open space, on-site treatment in the more densely
developed portion of the watershed may not be necessary. Dense
or clustered development allows for significant areas to be pre-
served and remain undeveloped, reducing the need to mitigate
throughout the entire watershed.
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