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FFFFForewordorewordorewordorewordoreword

Urban watershed restoration has recently
evolved into a growing and sophisticated
practice. Two decades ago, the number of
watershed restoration efforts could be counted
on one hand; now they number in the hundreds,
with many more starting each year. With each
new effort, more experience is gained, and the
practice of restoring urban watersheds
becomes ever more sophisticated and effective.
We have learned many lessons so far: that
restoration is technically challenging, takes
many years to complete, and requires broad
partnerships to build the dozens or even
hundreds of restoration practices needed for a
small watershed. While urban watershed
restoration is extremely challenging, it is also
exceptionally rewarding to make a real
difference in the quality of our home waters.

This manual series was written for a broad
audience with an interest in the methods and
techniques to restore small urban watersheds,
including planners, engineers, agency staff,
watershed groups, and environmental
consultants. The manuals distill our experience
acquired in many different watershed
restoration settings over the past two decades
into a single package. During this time, we have
sought to continuously refine, test and expand
both our restoration practices and our
subwatershed assessment tools. We expected
that it would be further adjusted over time;
therefore, we are pleased to release this manual
in Version 2.0, in response to user feedback and
new resources. We sincerely hope that these

manuals will help guide your efforts to
successfully restore urban watersheds in your
community.

Many thanks are extended to three external
reviewers who carefully looked over drafts of
this manuscript. They include Derek Booth,
University of Washington Center for Water and
Watershed Research; Bill Stack, City of
Baltimore Department of Public Works; and
Thomas Davenport, national nonpoint source
expert for the U.S. Environmental Protection
Agency. Much of this material was first
presented at our inaugural Watershed
Restoration Institute in September 2003, and
the common sense feedback from institute
participants is also keenly appreciated.

Many Center staff contributed to the
development of this manual, including Ted
Brown, Anne Kitchell, Chris Swann, Karen
Cappiella, Hye Yeong Kwon, Jennifer Zielinski,
and Stephanie Sprinkle. The hard work, diligent
research and practical insights of this
outstanding team is reflected throughout the
manual. In addition, Tiffany Wright, Heather
Holland  and Lauren Lasher cannot be thanked
enough for their able assistance in editing,
proofing and producing this manual. Finally, we
would like to acknowledge the patience, insights
and flexibility of our EPA project officer, Robert
Goo, during the two years it took to produce
this manual series under a cooperative
agreement with US EPA Office of Water CP-
82981501.

 Sincerely,

Tom Schueler
Director of Watershed Research and Practice
Center for Watershed Protection
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Foreword

This is the first manual in an 11 manual series
that provides detailed guidance on how to repair
urban watersheds. The entire series of manuals
was written by the Center for Watershed
Protection to organize the enormous amount of
information needed to restore small urban
watersheds into a format that can easily be
accessed by watershed groups, municipal staff,
environmental consultants and other users. The
contents of the manuals are organized as
follows.

Manual 1: An IntegratedManual 1: An IntegratedManual 1: An IntegratedManual 1: An IntegratedManual 1: An Integrated
Approach to Restore SmallApproach to Restore SmallApproach to Restore SmallApproach to Restore SmallApproach to Restore Small
Urban WUrban WUrban WUrban WUrban Watershedsatershedsatershedsatershedsatersheds

The first manual introduces the basic concepts
and techniques of urban watershed restoration,
and sets forth the overall framework we use to
evaluate subwatershed restoration potential. The
manual emphasizes how past subwatershed
alterations must be understood in order to set
realistic expectations for future restoration.
Toward this end, the manual presents a simple
subwatershed classification system to define
expected stream impacts and restoration
potential. Next, the manual defines seven broad
groups of restoration practices, and describes
where to look in the subwatershed to implement
them. The manual concludes by presenting a
condensed summary of a planning approach to
craft effective subwatershed restoration plans.

Manual 2: Methods toManual 2: Methods toManual 2: Methods toManual 2: Methods toManual 2: Methods to
Develop Restoration PlansDevelop Restoration PlansDevelop Restoration PlansDevelop Restoration PlansDevelop Restoration Plans
for Small Urban Wfor Small Urban Wfor Small Urban Wfor Small Urban Wfor Small Urban Watershedsatershedsatershedsatershedsatersheds

The second manual contains detailed guidance
on how to put together an effective plan to
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Manual 4: Urban StreamManual 4: Urban StreamManual 4: Urban StreamManual 4: Urban StreamManual 4: Urban Stream
Repair PracticesRepair PracticesRepair PracticesRepair PracticesRepair Practices

The fourth manual concentrates on practices
used to enhance the appearance, stability,
structure, or function of urban streams. The
manual offers guidance on three broad
approaches to urban stream repair – stream
cleanups, simple repairs, and more sophisticated
comprehensive repair applications. The manual
emphasizes the powerful and relentless forces
at work in urban streams, which must always
be carefully evaluated in design. Next, the
manual presents guidance on how to set
appropriate restoration goals for your stream,
and how to choose the best combination of
stream repair practices to meet them.

The manual also outlines methods to assess
stream repair potential at the subwatershed
level, including basic stream reach analysis,
more detailed project investigations, and priority
screenings. The manual concludes by offering
practical advice to help design, permit,
construct and maintain stream repair practices
in a series of more than 30 profile sheets.

Manual 5: RiparianManual 5: RiparianManual 5: RiparianManual 5: RiparianManual 5: Riparian
Management PracticesManagement PracticesManagement PracticesManagement PracticesManagement Practices

The fifth manual examines practices to restore
the quality of forests and wetlands within the
remaining stream corridor and/or flood plain. It
begins by describing site preparation techniques
that may be needed to make a site suitable for
planting, and then profiles four planting
techniques for the riparian zone, based on its
intended management use. The manual
presents several methods to assess riparian
restoration potential at the subwatershed level,
including basic stream corridor analysis,
detailed site investigations, and screening
factors to choose priority reforestation projects.
The manual concludes by reviewing effective
site preparation and planting techniques in a
series of eight riparian management profile
sheets.

Manual 6: DischargeManual 6: DischargeManual 6: DischargeManual 6: DischargeManual 6: Discharge
Prevention PracticesPrevention PracticesPrevention PracticesPrevention PracticesPrevention Practices

The sixth manual covers practices used to
prevent the entry of sewage and other pollutant
discharges into the stream from pipes and spills.
The manual describes a variety of techniques to
find, fix and prevent these discharges that can
be caused by illicit sewage connections, illicit
business connections, failing sewage lines, or
industrial/transport spills. The manual also
briefly presents desktop and field methods to
assess the severity of illicit discharge problems
in your subwatershed. Lastly, the manual
profiles different “forensic” methods to detect
and fix illicit discharges. Manual 6 is also
known as the Illicit Discharge Detection and
Elimination Guidance Manual: a guidance
manual for program development and
technical assessment, and is referenced as
Brown et al., 2004, throughout this manual.

Manual 7: WManual 7: WManual 7: WManual 7: WManual  WManual 7: Wvel,Manual 7: Wvel,Manual 7: Wvel,D
(Manual  W)Tvel,
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subwatershed pollution sources in order to
develop and target education and/or
enforcement efforts that can prevent or reduce
polluting behaviors and operations. The manual
outlines more than 100 different “carrot” and
“stick” options that can be used for this
purpose. Lastly, the manual presents profile
sheets that describe 21 specific stewardship
practices for residential neighborhoods, and 15
pollution prevention techniques for control of
storm water hotspots.

Manual 9: MunicipalManual 9: MunicipalManual 9: MunicipalManual 9: MunicipalManual 9: Municipal
Practices and ProgramsPractices and ProgramsPractices and ProgramsPractices and ProgramsPractices and Programs

The ninth manual focuses on municipal
programs that can directly support
subwatershed restoration efforts. The five
broad areas include improved street and storm
drain maintenance practices, development/
redevelopment standards, stewardship of public
land, delivery of municipal stewardship
services, and watershed education and
enforcement. This last “practice” manual
presents guidance on how municipalities can
use these five programs to promote
subwatershed restoration goals. The manual
also contains a series of profile sheets that
recommends specific techniques to implement
effective municipal programs.

The series concludes with two user manuals
that explain how to perform field assessments
to discover subwatershed restoration potential
in the stream corridor and upland areas.

Manual 10: The UnifiedManual 10: The UnifiedManual 10: The UnifiedManual 10: The UnifiedManual 10: The Unified
Stream Assessment (USA): AStream Assessment (USA): AStream Assessment (USA): AStream Assessment (USA): AStream Assessment (USA): A
UserUserUserUserUser ’s Manual’s Manual’s Manual’s Manual’s Manual

The Unified Stream Assessment (USA) is a
rapid technique to locate and evaluate problems
and restoration opportunities within the urban
stream corridor. The tenth manual is a user’s
guide that describes how to perform the USA,
and interpret the data collected to determine the
stream corridor restoration potential for your
subwatershed.

Manual 11: The UnifiedManual 11: The UnifiedManual 11: The UnifiedManual 11: The UnifiedManual 11: The Unified
Subwatershed and SiteSubwatershed and SiteSubwatershed and SiteSubwatershed and SiteSubwatershed and Site
Reconnaissance (USSR): AReconnaissance (USSR): AReconnaissance (USSR): AReconnaissance (USSR): AReconnaissance (USSR): A
UserUserUserUserUser ’s Manual’s Manual’s Manual’s Manual’s Manual

The last manual examines pollution sources and
restoration potential within upland areas of
urban subwatersheds. The manual provides
detailed guidance on how to perform each of its
four components: the Neighborhood Source
Assessment (NSA), Hotspot Site Investigation
(HSI), Pervious Area Assessment (PAA) and
the analysis of Streets and Storm Drains
(SSD). Together, these rapid surveys help
identify upland restoration projects and source
control to consider when devising subwatershed
restoration plans.

Individual manuals in the series are scheduled
for completion by 2006, and can be downloaded
or delivered in hard copy for a nominal charge.
Be sure to check the Center website,
www.cwp.org, to find out when each manual
will be available and how it can be accessed.
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Chapter 1: Organizing to Restore Urban Watersheds

This Manual presents the basic concepts used
to restore urban streams, and outlines an
integrated and practical framework for
assessing restoration potential in small urban
watersheds. The Manual is organized into six
chapters:

Chapter 1: Organizing toChapter 1: Organizing toChapter 1: Organizing toChapter 1: Organizing toChapter 1: Organizing to
RRRRRestore Urban Westore Urban W



Urban Subwatershed Restoration Manual 12

Chapter 1: Organizing to Restore Urban Watersheds

Chapter 4: RChapter 4: RChapter 4: RChapter 4: RChapter 4: Range of Aange of Aange of Aange of Aange of Availablevailablevailablevailablevailable
Subwatershed RSubwatershed RSubwatershed RSubwatershed RSubwatershed Restorationestorationestorationestorationestoration
PPPPPracticesracticesracticesracticesractices

This chapter introduces the seven major groups
of restoration practices used to restore urban
subwatersheds. Four groups of practices are
generally applied within the remaining stream
corridor: storm water retrofits, stream
restoration, riparian management, and
discharge prevention practices. Three groups of
practices can be applied in the upland areas of
a subwatershed, including pervious area
management, pollution source control, and
improved municipal practice (although some
on-site storm water retrofits can also be
installed in upland areas). The chapter
describes the many different restoration
techniques and discusses how they contribute
to subwatershed restoration goals. The chapter
concludes with guidance on choosing the right

P
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Chapter 1: Organizing to RChapter 1: Organizing to RChapter 1: Organizing to RChapter 1: Organizing to RChapter 1: Organizing to R
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however, many urban streams and rivers still do
not meet water quality standards and continue
to experience severe habitat degradation.
Consequently, communities are now shifting
their control efforts to reduce nonpoint sources
of pollution in order to meet clean water goals.
In urban watersheds, nonpoint source control
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restoration practices. At the same time, the
survey revealed that most local restoration
efforts were still in an experimental or
demonstration stage, and few communities had
systematically integrated their restoration
efforts at the subwatershed scale.

Growth in Urban WGrowth in Urban WGrowth in Urban WGrowth in Urban WGrowth in Urban Watershedatershedatershedatershedatershed
OrOrOrOrOrganizationsganizationsganizationsganizationsganizations

The recent growth of nonprofit watershed
groups has also been impressive. More than
4,000 watershed groups are now established
across the country, along with an equal number
of land trusts, smart growth and “friends of”
organizations. A majority of these groups are
located in suburban or urban watersheds (CWP,
2002). The number, sophistication, and
expectations of urban watershed groups have
all increased sharply in recent years. These
groups can exert considerable pressure to get
communities to do a better job in restoring
their urban watersheds. While urban watershed
groups may often be impatient for results, they
are becoming more effective advocates for
local restoration.

PPPPPublic Demand for Better Lublic Demand for Better Lublic Demand for Better Lublic Demand for Better Lublic Demand for Better Localocalocalocalocal
EnvironmentEnvironmentEnvironmentEnvironmentEnvironment

Urban and suburban residents are concerned
about the overall quality of life in their
neighborhoods, and these concerns often
extend beyond healthier streams. Residents are
concerned about issues such as greenways,
flooding, waterfront improvements, aesthetics,
trash, and neighborhood revitalization. In
addition, the public has a stronger awareness
about local stream quality, and actively
participates in both personal and watershed
stewardship activities. The net effect is that the
public is demanding better stream protection,
and expects their community concerns to be
fully integrated within the watershed
restoration planning process.

1.3 Many Different Goals Guide1.3 Many Different Goals Guide1.3 Many Different Goals Guide1.3 Many Different Goals Guide1.3 Many Different Goals Guide
Urban WUrban WUrban WUrban WUrban Watershed Ratershed Ratershed Ratershed Ratershed Restorationestorationestorationestorationestoration

No two urban watershed restoration efforts are
ever alike. Each restoration effort has its own
unique goals, which are shaped by the
watershed scale, various restoration “drivers”
and stakeholder input. This section reviews the
impressive diversity of goals driving local
watershed restoration efforts across the
country. A sample of watershed restoration
goals is depicted in Figure 2; most
communities choose multiple goals to guide
their watershed plan. In general, most
restoration goals can be lumped into one of
four broad categories: water quality, physical/
hydrological condition, biological diversity and
community concerns.

Watershed restoration goals may be oriented
toward the stream, the stream corridor, or
upland areas, or some combination of all three.
In addition, local restoration goals frequently
differ in ambition. For example, some
communities set goals with prevention in mind,
e.g., simply to keep something bad from
happening, like a pollution spill, flood damage,
or sewage overflows. Other communities seek
to systematically repair a problem (or set of
problems) in the stream or its corridor, such as
an eroding bank, a fish barrier or an inadequate
forest buffer. The most ambitious communities
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1.4  The Role of Stakeholders1.4  The Role of Stakeholders1.4  The Role of Stakeholders1.4  The Role of Stakeholders1.4  The Role of Stakeholders
in Win Win Win Win Watershed Ratershed Ratershed Ratershed Ratershed Restorationestorationestorationestorationestoration

While restoration is driven by the goals of
those that care for the watershed, aligning the
efforts and resources of stakeholders towards
common goals is critical to the adoption and
implementation of any restoration plan.
Ideally, the goals and vision for the watershed
should be developed early in the restoration
process, based on input from a broad group of
stakeholders. Consequently, you need to know
the key stakeholders in the watershed, and
include them in virtually every step of the
restoration process.

The term stakeholder is loosely defined as any
agency, organization, or individual that is
involved in or affected by the decisions made
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Agency 

Funders 

Public 

Figure 3: Four Types of Stakeholders Involved in Watershed Restoration Plans

Figure 4:  The Agency Stakeholder Pyramid
Dozens of local, state and even federal agency stakeholders need to be involved to coordinate

effective local restoration planning.

State DEP/DNR; EPA;  
Corps of Engineers 

Schools and Parks; Planning  
and Zoning Authority 

Planning Department; Community 
Forestry; Conservation District 

Department of Public Works;  
Department of Environmental Protection 

Elected  
Officials 

Lead Restoration 
Agency 

Local Environmental  
Agencies 

Land owning or Land Regulating 
Agencies 

State and Federal Agencies 

Mayor; Council; Planning Commission 
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approve the restoration plan itself (e.g., in the
case of a TMDL). Some agencies can also
lend staff expertise and provide monitoring and
mapping data to support the restoration effort.

The PThe PThe PThe PThe Publicublicublicublicublic

The public is a major stakeholder in every
watershed restoration effort, although as
individuals they may be unaware of this role.
Indeed, watershed awareness and activism
varies considerably among the public, and can
be best understood in terms of a pyramid
(Figure 5). The 
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Figure 5: The Public Stakeholder Pyramid
Public stakeholders are not monolithic, but can be stratified on the basis of their awareness,
stewardship activities, and interest in participating in the local watershed restoration process.

Everyone who lives and works 
in the watershed 

Community Leaders; PTAs; Schools; 
Churches; Interested Citizens; Voters 

Property owners near proposed 
restoration project sites 

Neighborhood Associations; Civic Groups; 
Garden Clubs; Greenway Coalitions; Anglers’ 
Groups; Recreation/Hiking Group 

Watershed 
Groups 

Activist Public 

Adjacent Public 

Receptive Public 

General Public 

Watershed Organizations 

Chamber of Commerce; Private Schools; 
Colleges/Universities; Industry; 
Builder/Developers; Real Estate Companies 

Engineers; Environmental Groups and 
Consultants; Local Scientists; Educators; Non-
Profits; Regional Planning Agencies  

 
Responsible 

Parties 

Local Media 

Local Advisors 

Local Businesses and 
Landowners 

NPDES Regulated Dischargers; Local Utilities 

Figure 6:  The Partner Stakeholder Pyramid
Many different partners comprise this diverse stakeholder group asked to perform many roles in

watershed restoration, including implementing pollution controls, spreading the restoration message,
providing expertise, and integrating restoration goals into their normal operations.
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Foundations; Corporations;  
Individuals 

EPA; Corps of Engineers; Fish and 
Wildlife Service 

State Environmental Agency (grants); 
State Resource Protections (grants) 

Local 
Government 

State 

Federal 

Private 

Agency Heads; Budget Experts; Elected Officials 

FFFFFundersundersundersundersunders

Funding partners are the stakeholders expected
to finance watershed restoration at some point
in the future. The diversity of funding
stakeholders can also be viewed in terms of a
pyramid (Figure 7). The top of the pyramid is



Urban Subwatershed Restoration Manual 1 13

Chapter 1: Organizing to Restore Urban Watersheds

1.5  Organizing Stakeholders1.5  Organizing Stakeholders1.5  Organizing Stakeholders1.5  Organizing Stakeholders1.5  Organizing Stakeholders
Into ActionInto ActionInto ActionInto ActionInto Action

There is no single path to successfully involve
all four stakeholder groups in the watershed
restoration process. However, it is a good
practice to involve them early and often, and
particularly when setting the goals that drive
the restoration effort. Manual 2 presents a
series of methods for involving each of the four
stakeholder groups during each step of the
restoration process. Each method seeks to
achieve a unique purpose, is targeted to a
different combination of stakeholders, and
employs customized outreach techniques. The
ultimate goal is to organize stakeholders to
create a strong partnership that can attract
political support for the restoration plan.

Stakeholder involvement helps ensure that the
restoration plan is realistic, scientifically
sound, and reflects community values and
desires. When the right mix of stakeholders
agrees on clear and measurable goals, it can
create a powerful impetus to guide restoration
decisions.

Many consider watershed restoration to
primarily be a technical endeavor, and it is
certainly true that many technical skills are
needed. In practice, however, successful
restoration is mostly about organizing people
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A few isolated fragments of forests and
wetlands always seem to persist in urban
subwatersheds. A typical pattern is depicted in
Figure 9, which shows the distribution of forest
and wetland remnants in the Watts Branch
subwatershed located in suburban Maryland.
Often, natural area remnants are located in
areas that were extremely difficult to develop
(e.g., steep slopes), were abandoned and have

 

2.4  F2.4  F2.4  F2.4  F2.4  Fragmentation ofragmentation ofragmentation ofragmentation ofragmentation of
Natural Area RNatural Area RNatural Area RNatural Area RNatural Area Remnantsemnantsemnantsemnantsemnants

Figure 9: Distribution of Natural Area Remnants in
a Non-Supporting Subwatershed

Although Watts Branch (Rockville, MD) has nearly 30% IC,
it still contains significant forest and wetland fragments in

its subwatershed, many of which are found in close
proximity to the stream corridor.

since regrown, or grew up over time within
parks, cemeteries and public open space. In
other situations, subwatershed alterations cause
changes in local hydrology that unintentionally
create new urban wetlands. Common examples
include old ponds, backwaters behind road
crossings, and abandoned earthworks.
Although of relatively recent origin, these
wetlands may receive some protection under
state or federal wetland protection statutes.

Forest and wetland remnants are often isolated
and have little or no connection with other
natural habitats or the stream corridor.
Typically, natural area remnants have a greater
proportion of edge habitats compared to core
habitats. Natural area remnants are particularly
susceptible to invasions of non-native species
of both plants and animals, and it is not
uncommon for invasive species to become
numerically dominant. Natural area remnants
are also stressed by storm water runoff and
urban heat island effects. As disturbed and
isolated as they are, natural area remnants have
intrinsic value as examples of nature in the
city, and may present excellent opportunities
for restoration in their own right.

 

2.5 Interruption of the2.5 Interruption of the2.5 Interruption of the2.5 Interruption of the2.5 Interruption of the
Stream CorridorStream CorridorStream CorridorStream CorridorStream Corridor

 

Some kind of stream corridor remains in all but
the most extremely developed subwatersheds,
if for no other reason than it is usually too
expensive to totally enclose all streams in
pipes. The stream corridor that remains,
however, is highly interrupted (i.e., it is
frequently crossed, culverted, channelized,
ditched, enclosed, armored or otherwise
“improved”). Each of these types of
interruptions can be found in the Maiden’s
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Choice subwatershed located in Baltimore, MD
(Figure 10). The subwatershed has about 40%
impervious cover and experiences extensive
channel alteration and interruption throughout
its headwaters and main stem. In many ways, it
resembles a broken pipe more than a stream
network.

Figure 10: Stream Interruption in a Non-Supporting Subwatershed
This stream network of this Baltimore (MD) subwatershed has been extensively

interrupted by road crossings, extended culverts, channelization and other engineering
“improvements” over many decades. Most first order streams are not shown on the map
because they have been enclosed by storm drains. Stream interruption is an important

factor in determining fish passage, channel erosion, and aquatic habitat suitability.

The natural flood plain has always been an
attractive but dangerous area in which to build,
and communities have historically proceeded
with development in these areas. In order to
protect buildings from flood damage,
landowners have incrementally modified the
flood plain to allow development. The most
common modification has been to fill the flood

 

2.6  Encroachment and2.6  Encroachment and2.6  Encroachment and2.6  Encroachment and2.6  Encroachment and
Expansion in the Flood PlainExpansion in the Flood PlainExpansion in the Flood PlainExpansion in the Flood PlainExpansion in the Flood Plain

plain with earth to provide a higher platform
for buildings. While the fill may provide local
relief to landowners, it also sharply reduces the
capacity of the flood plain and exacerbates
downstream flooding problems. Other flood
control remedies such as channelization,
levees, and armoring produce similar effects. In
addition, the frequent stream crossings found
in urban subwatersheds can encroach on the
flood plain. Undersized bridges or culverts that
cross the flood plain may also reduce the
capacity of the flood plain to handle flood
waters.

Even if encroachment never occurred, urban
flood plains will always expand in response to
upstream development. Urban subwatersheds
produce higher peak flooding rates;
consequently, urban flood plains must expand
to accommodate these higher flows. Both the
height and width of the urban flood plain
increase, so that when floods occur, more
property is subject to inundation. Indeed, many
urban subwatersheds are experiencing flood
plain expansion, while at the same time they
are losing flood plain capacity due to
encroachment. Flood damages are the
inevitable result.
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Urban subwatersheds are home to many
humans, pets and wildlife. Each of these
populations can directly generate pollutants,
such as bacteria or nutrients that can move
from the subwatershed to the stream. Humans,
presumably the most intelligent of the three
groups, make daily decisions that can either
improve or degrade conditions in a
subwatershed. Negative choices such as



Urban Subwatershed Restoration Manual 1 21

Chapter 3: Impacts of Urbanization on Streams

Chapter 3: Impacts of UrbanizationChapter 3: Impacts of UrbanizationChapter 3: Impacts of UrbanizationChapter 3: Impacts of UrbanizationChapter 3: Impacts of Urbanization
on Streamson Streamson Streamson Streamson Streams

This chapter summarizes recent research on
the impact of urbanization on stream quality
for subwatersheds with more than 10%
impervious cover (IC). In general, changes in
stream quality can be tracked according to five
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• Increased annual storm water runoff 
• Diminished baseflow (in some streams) 
• Increased peak discharge for 100-year storm event 
• Increased frequency of bankfull flooding 

Figure 11: Five Groups of Stream Impacts Associated with Urban Subwatersheds 

• Stream enclosure/modification 
• Loss of riparian forest continuity  
• Stream interruption 
• Floodplain disconnection 
• Increased stream crossings 

• Channel enlargement 
• Greater annual sediment yield 
• Declining stream habitat indexes 
• Diminished large woody debris 
• Increased summer stream temperatures 

 
• 
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Sensitive

Impacted

Non-Supporting

Urban Drainage

Urban Drainage refers to streams that have
subwatersheds with more than 60% IC and
where the stream corridor has essentially been
eliminated or physically altered to the point
that it functions merely as a conduit for flood
waters. Water quality indicators are
consistently poor, channels are highly unstable
and both stream habitat and aquatic diversity
are rated as very poor or are eliminated
altogether. Thus, the prospects to restore
aquatic diversity in urban drainage are
extremely limited, although it may be possible
to achieve significant pollutant reductions.

This chapter presents some quantitative
predictions as to how specific stream indicators
behave within the three stream categories of
the ICM. These predictions help diagnose the
severity of stream impacts, set realistic goals
for restoration, and may be helpful in the
design of restoration practices in the stream
corridor. The scientific basis for deriving the
ICM predictions is documented in Appendix A.

3.1  Changes to Stream3.1  Changes to Stream3.1  Changes to Stream3.1  Changes to Stream3.1  Changes to Stream
Hydrology
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Consequently, urban streams experience an
increased frequency and magnitude of
flooding. Frequent flash flooding occurs after
intense rain events and often causes chronic
flood damage. The increased frequency of
flooding from smaller storm events often has
the greatest impact on streams, as it transports
sediments and causes channel erosion.

Another hydrologic impact that may sometimes
occur is a reduction in stream flows after
extended dry weather periods. Urban
headwater streams can dry out during droughts
due to a lack of groundwater recharge. In other
urban streams, however, dry weather stream
flows may actually increase because of
additional water flows from irrigation, water
leaks, or sewer exfiltration in the
subwatershed. Much of the tap water supply
delivered in the subwatershed actually
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impossible to meaningfully improve
hydrological indicators for urban drainage. It
may still be possible to prevent flood damage
from extreme storms in urban drainage, but
these efforts may require significant alterations
to the existing stream corridor.

3.2  Physical Alteration of the3.2  Physical Alteration of the
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problems, restore a natural area remnant or
create a greenway linking the remaining
fragments of intact stream corridor. There may
also be selected opportunities to restore higher
ordps streams and rivpsJ that escaped
enclosure.

3.3  Degradation of Stream3.3  Degradation of Stream3.3  Degradation of Stream3.3  Degradation of Stream3.3  Degradation of Stream
HabitatHabitatHabitatHabitatHabitat

The increased magnitude and frequency of
storm watps flows givp urban streams more
powps to transport sediment and cause channel
erosion. Most urban streams respond by
enlarging their channel cross-section to
accommodate the increased flows. Channel
enlargement occusJ through a combination of
widening or down-cutting, depending on the
stream type. The cross-section of the cusrent
channel can be two to 10 times larger than the
pre-development channel, although the full
adjustment process may take many decades to
complete. Consequently, channel erosion is
severe in urban streams, and causes extensivp
damage to both public infrastructure and
private property.

The activp phase of urban channel erosion
greatly increases the sediment supply to urban
streams. Urban streams commonly transport
two to 10 times more sediment than rural
streams. As this sediment moveJ through the
stream, it exerts a strong influence on the
streambed, causing many alternating cycles of
sediment deposition and erosion.

When increased sediment transport is
combined with activp channel erosion and
frequent flooding, it isn’t surprising that many
habitat features are simplified or eliminated in
urban streams (Figure 15). Typically, the

shallikeand variable, and pool and riffle
structure is lost. Individual habitat elements
such as large woody debris, pools, channel
sinuosity, meandpsJ, and undpscut banks are
sharply diminished. The matpsials of the
streambed turn ovps frequently, and fine
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Table 4: Stream Habitat Predictions According to the ICM 

ICM Stream Classification Stream  
Habitat  

Indicator  Impacted Non-Supporting Urban Drainage 
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preventing channel incision or recreating in-
stream habitat.

Subwatersheds classified as urban drainage
have extremely poor stream habitat in the few
places where it has not been physically
eliminated. Consequently, the prospects for
restoring the structure and function of the
urban drainage channels are very poor,
although some individual reaches may show
some restoration potential. In addition, habitat
improvements or stream repairs may still be
possible on larger streams and small rivers that
may have escaped significant alteration.

3.4  Decline in W3.4  Decline in W
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restoration practices can generally only reduce
nutrient load by about 40 to 60% (even
assuming that the subwatershed is fully treated
with retrofits and source controls).
Nevertheless, nutrient reduction efforts may
still be warranted in non-supporting
subwatersheds as one part of a comprehensive
watershed-wide nutrient reduction strategy.

The disparity between the nutrient load
produced and the capacity to reduce it is even
greater in subwatersheds classified as urban
drainage. Given the intensity of development
in urban drainage subwatersheds, it is often a
challenge to find enough feasible retrofit sites
to get full treatment of all nutrient sources.
Still, nutrient reduction may still make sense in
an urban drainage subwatershed if it cost-
effectively contributes to a watershed-wide
reduction strategy.

Bacterial ContaminationBacterial ContaminationBacterial ContaminationBacterial ContaminationBacterial Contamination

Fecal coliform bacteria levels found in storm
water runoff routinely exceed water quality
standards, thereby limiting or preventing water
contact recreation, shellfish harvesting or

Table 5: Water Quality Predictions According to the ICM  

ICM Stream Classification Water  
Quality Indicator Impacted Non-Supporting Urban Drainage 

Annual Nutrient  
Load a 

1 to 2 times higher 
than rural background 

2 to 4 times higher  
than rural background 

4 to 6 times higher 
than rural background 

Violations  
of Bacteria  
Standards b 

Frequent violations 
during wet weather 

Continuous violations 
during wet weather; 

Episodic violations during 
dry weather 

Continuous violations 
during wet weather, 

frequent violations during 
dry weather 

Aquatic Life 
Toxicity c Acute toxicity rare  

Moderate potential for 
acute toxicity during 

some storms and spills 

High potential for acute 
toxicity during dry and 

wet weather 

Contaminated 
Sediments 

Sediments enriched but 
not contaminated 

Sediment contamination  
likely, potential risk of  

bioaccumulation 

Contamination should be 
presumed 

Fish Advisories d Rare Potential risk of 
bioaccumulation Should be presumed 
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supporting streams during wet weather
conditions even with extensive subwatershed
treatment. The main reason is that bacteria
concentrations are so high that they would
require a 99% removal rate in order to achieve
standards. Such a high level of treatment
cannot be achieved with current restoration
practices (Schueler, 1999). However, if
bacteria sources are found and eliminated from
the sewer and storm drain network, standards
may be achievable during dry weather
conditions.

Subwatersheds that are classified as urban
drainage continuously violate bacteria
standards during wet weather conditions and
frequently violate them during dry weather, as
well. Given the sheer number and diversity of
bacteria sources, it is not realistic to expect
compliance with bacteria standards in urban
drainage “streams.” However, bacteria source
controls may still be warranted if they
contribute to a larger watershed bacteria-
reduction strategy.

Aquatic Life TAquatic Life TAquatic Life TAquatic Life TAquatic Life Toxicityoxicityoxicityoxicityoxicity

Storm water runoff contains concentrations of
copper, chlorine, zinc, cadmium, lead,
hydrocarbons, and deicers that can potentially
be toxic to aquatic life in urban streams. In
addition, numerous pesticides have been
detected during storm flow and dry weather
flow within urban streams, including several
known to cause mortality in aquatic life. Other
toxins may enter urban streams as a result of
spills, accidents, leaks and illicit discharges
from storm water hotspots, which produce
higher levels of storm water pollution and/or
present a higher risk for spills, leaks and illicit
discharges. In general, the number and
diversity of storm water hotspots increase with
the intensity of subwatershed development.
Consequently, the risk of potential toxicity to
aquatic life can be interpreted within the
context of the ICM.

Most scientists agree that acute toxicity to
aquatic life is rare in impacted streams,
although others suggest that some pollutants
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kingfishers, ospreys and eagles). Pollutant
levels in fish tissue may sometimes exceed
action levels set to protect human health in
highly urban subwatersheds. When these occur,
health authorities issue advisories to prevent or
restrict fish consumption from local waters.

The severity of sediment contamination can be
evaluated within the context of the ICM.
Sediment contamination is usually not a major
problem for impacted subwatersheds, although
deposited sediments will usually contain higher
levels of trace metals and hydrocarbons than
would be found in a rural stream. The potential
for sediment contamination and subsequent
bioaccumulation in fish and other aquatic life
is much greater in non-supporting
subwatersheds. The risk is greatest for lakes,
coves and waterfronts that are small in relation
to the area of their contributing non-supporting
subwatershed.

In general, it should be presumed that bottom
sediments from urban drainage subwatersheds
will be contaminated with some pollutants, and
that these may bioaccumulate within whatever
remains of the fish community. Consequently,
human consumption of fish from urban
drainage subwatersheds should be avoided.

Trash and Debris  Large quantities of litter,
trash and debris wash through the storm drain
system into streams and receiving waters.
Often, the problem is exacerbated by illegal
dumping. While trash and debris are an
unsightly annoyance in other settings, they are
a major problem in urban subwatersheds. The
prodigious loads of trash and debris generated
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streams compared to rural or undeveloped
ones. It is too early to tell how these changes in
ecosystem function will influence the prospects
for urban stream restoration.

An important but frequently overlooked aspect
of stream corridor biodiversity is the
simplification of plant diversity in the flood
plains and wetlands. Both plant communities
suffer from filling and encroachment, and
remaining fragments continue to be disturbed
by increased water fluctuations, falling water
tables, exotic plants, deer browsing and human
disturbance. Consequently, wetland and flood
plain plant communities often experience
significant changes in species composition,
with increased invasive or exotic species,
declining regeneration of native species, and
longitudinal shifts in species along the stream
corridor (Brush and Zipperer, 2002; Groffman
et al. 2003).

The loss of aquatic diversity in the urban
stream corridor can be interpreted in the light
of the ICM (Table 6). As with other indicators,
impacted streams experience a fairly moderate
decline in aquatic diversity, with diversity
scores consistently ranking as “fair” to “good.”
Thus, prospects for partial recovery are good if
restoration practices can be applied

comprehensively to both the stream corridor
and upland areas of the subwatershed. It may
even be possible to partially restore a trout,
salmon or anadromous fishery, particularly at
the low end of the IC range of impacted
streams.

Full restoration of aquatic diversity in non-
supporting streams is probably an elusive goal,
given the many different stressors affecting the
stream and its flood plain. Most diversity
indicators are solidly in the “poor” range for
non-supporting streams. If restoration practices
are comprehensively applied across a non-
supporting subwatershed, it might be possible
to shift the communities into the “fair” range,
but it is doubtful whether “good” or
“excellent” diversity can ever be attained.
Improved diversity is possible, however, if
success is defined in the context of a “good”
urban stream instead of an unattainable high
quality undeveloped stream. For example,
while it may be impossible to support a self-
sustaining trout population in a non-supporting
stream, it may be possible to support a “put and
take” trout fishery with annual stocking.
Similarly, it may still make sense to remove
fish barriers in non-supporting streams, even if
actual spawning success will vary greatly from
year to year.

 

Table 6: Predictions on Aquatic Diversity According to the ICM  

ICM Stream Classification 
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Subwatersheds classified as urban drainage
have “poor” to “very poor” aquatic diversity in
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4.2  Stream Repair Practices4.2  Stream Repair Practices4.2  Stream Repair Practices4.2  Stream Repair Practices4.2  Stream Repair Practices

Stream repair practices include a large group
of techniques used to enhance the appearance,
structure or function of urban streams. These
practices range from simple stream cleanups
and basic stream repairs to extremely
sophisticated stream restoration techniques.
Stream repair practices are often combined
with storm water retrofits and riparian
management practices to meet subwatershed
restoration goals. Manual 4 provides detailed
guidance on 33 different stream repair
techniques that can be applied in urban
subwatersheds; a summary list is provided in
Appendix B.

These techniques involve regular pickup and
disposal of trash, debris, litter, and rubble from
the stream or its corridor, usually with
volunteer help. While stream cleanups are
often cosmetic and temporary, they are
extremely effective tools for involving and
educating the public about urban stream
degradation. In addition, public attitudes
toward urban creeks are often influenced by
the presence or absence of trash and debris.
Well-organized and frequent stream cleanup
programs can remove impressive quantities of
trash and debris from the stream corridor, thus
preventing its movement to downstream
waters.

On-siteOn-siteOn-siteOn-siteOn-site
RRRRResidentialesidentialesidentialesidentialesidential
RRRRRetrofitsetrofitsetrofitsetrofitsetrofits

Rain barrels and rain gardens are common
examples of on-site residential retrofit
practices. On-site retrofits are typically
installed on individual homes or yards to store
or infiltrate runoff from rooftops, driveways or
yards. On-site retrofits promote infiltration,
which can reduce storm water runoff, treat
storm water pollutants at their source, and
increase groundwater recharge. Because each
individual on-site retrofit treats such a small
area, dozens or hundreds are needed to make a
measurable difference at the subwatershed
level. Consequently, widespread homeowner
implementation of on-site retrofits requires
targeted education, technical assistance and
financial subsidies. On-site retrofits are often
combined with storage retrofits to increase the
extent of subwatershed treatment.

Figure 19: Example of a Storage Retrofit Pond
The top photo shows an old flood detention pond

that was converted into a shallow marsh pond
system to remove pollutants and protect

downstream banks (bottom photo). This storage
retrofit, known as Rolling Stone, was constructed in

the late 1980s and treats about 75 acres of
upstream drainage.

StreamStreamStreamStreamStream

CleanupsCleanupsCleanupsCleanupsCleanups
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salmon population or enhancing fish diversity,
meeting this goal requires integrating stream
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Once sites are adequately prepared, they can
be revegetated to improve the quality and
functional value of the streamside zone, based
on the intended management use of the stream
corridor. Four basic strategies for revegetating
the riparian zone are shown in Figure 22 and
described below.

Active ReforestationActive ReforestationActive ReforestationActive ReforestationActive Reforestation

These planting techniques are designed to
maximize the ecological benefits of a forested

flood plain by creating a mature and self-
sustaining native plant community.

PPPPParks or Greenwaysarks or Greenwaysarks or Greenwaysarks or Greenwaysarks or Greenways

These plantings are applied when the stream
corridor is used for recreational activities such
as hiking, biking or nature enjoyment. The
planting plans within these park or greenway
settings seek to expand natural vegetative
cover while still accommodating the needs of
park users.

 
Upstream 
Retrofit: 
Wet Extended 
Detention Pond 

Figure 21:  Example of Comprehensive Stream Restoration Approach
The diagram shows the combination of stream restoration techniques employed to restore Wheaton
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Figure 22: Four Strategies to Establish Vegetation in the Riparian Area
 The strategy to establish riparian vegetation depends on the condition of the stream corridor,  its
ownership and intended management use. Strategies include active reforestation (Panel A), more

limited park/greenway plantings (Panel B), natural regeneration (Panel C) and restoration of riparian
wetlands/forests (Panel D).

Natural RegenerationNatural RegenerationNatural RegenerationNatural RegenerationNatural Regeneration

This technique allows vegetation to grow back
in the stream corridor by stopping mowing
operations. Although natural regeneration is
simple and inexpensive, it can take a long time
to establish a mature streamside forest along
the stream corridor. Natural regeneration may
also result in a plant community that could be
dominated by invasive or exotic plant species.

Riparian WRiparian WRiparian WRiparian WRiparian Wetland Retland Retland Retland Retland Restorationestorationestorationestorationestoration

These techniques are used to enhance or
restore degraded wetland communities found

along the flood plain. Wetlands are frequently
associated with stream corridors because of the
close hydrologic connection of the stream with
its flood plain. In urban subwatersheds,
however, the stream and its flood plain may
become disconnected. This occurs when the
elevation of the stream channel drops due to
severe channel erosion, which leaves the flood
plain wetlands high and dry (Groffman et al,
2003). Consequently, riparian wetland
restoration can involve engineering techniques
to reconnect the stream with its flood plain or
redirect urban storm water generated from
outside the stream corridor to create surface
wetlands.

 

A. B. 

C. D. 
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4.4  Discharge Prevention4.4  Discharge Prevention4.4  Discharge Prevention4.4  Discharge Prevention4.4  Discharge Prevention
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Management ofManagement ofManagement ofManagement ofManagement of
Natural AreaNatural AreaNatural AreaNatural AreaNatural Area
RRRRRemnantsemnantsemnantsemnantsemnants

This practice enhances the quality of remaining
forest fragments, wetlands and other natural
area remnants in the upland areas of the
subwatershed. Like their counterparts along the
stream corridor, natural area remnants are
frequently impacted by dumping, soil
compaction, erosion, invasive plants and storm
water runoff. This practice usually involves an
ecological assessment of the natural area
remnant to identify key stressors, followed by a
restoration plan to improve its ecological
structure and function.

4.6  P4.6  P4.6  P4.6  P4.6  Pollution Source Controlollution Source Controlollution Source Controlollution Source Controlollution Source Control
PPPPPracticesracticesracticesracticesractices

Source control is a broad restoration practice
that seeks to prevent pollution from residential
neighborhoods or storm water hotspots. Which
source control practices are applied depends on
the pollutants of concern and the major
pollutant source areas identified in the
watershed. Source control practices focus
educational, enforcement, and technical
resources on changing the resident behaviors or
business operations that are causing the
pollution. Manual 8 provides extensive
information on 21 stewardship practices that
can be applied in residential neighborhoods,
along with 15 pollution prevention techniques
used to control storm water hotspots. A list of
source control practices profiled in the manual
can be found in Appendix B.

ResidentialResidentialResidentialResidentialResidential
StewardshipStewardshipStewardshipStewardshipStewardship

Subwatershed residents engage in many
behaviors that can influence stream quality.
You may want to focus on changing negative
behaviors such as over-fertilizing, oil dumping,
littering, or excessive car washing and
pesticide use. Alternatively, your focus may be
on encouraging positive behaviors such as tree
planting, properly disposing of household
hazardous wastes, and picking up after pets. In
either case, residential stewardship involves
designing a targeted education campaign that
delivers a specific message and changes
resident behavior (Swann, 2000). Often, the
educational campaign is supported by
incentives and the provision of convenient
municipal services such as free compost for
soil amendments, free lawn soil testing, advice
on nontoxic ways to deal with pests, or oil
recycling directories.

To devise an effective neighborhood
stewardship program, it is important to
understand the range of homeowner behaviors
that contribute to storm water pollution. Since
each neighborhood has its own distinctive
character, it is helpful to assess homeowner
behaviors and pollution sources at the
neighborhood scale (Figure 23). The
Neighborhood Source Assessment (NSA)
component of the USSR survey, described in
Manual 11, systematically examines five
common pollution source areas in every
neighborhood:

Overall Neighborhood Character: What is the
average age, lot size and construction activity
within the neighborhood? Are there septic
systems that could become a pollution source?
Is there an active homeowner or civic
association to help with outreach?

Lawn and Yard Practices: What proportion of
lawns in the neighborhood is intensively
managed from the standpoint of fertilization,
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Figure 23:  Pollution Source Control Opportunities in Residential Neighborhoods
Nearly two dozen pollution source control opportunities can exist within a residential neighborhood.

They can be systematically evaluated by looking at lawns and yard practices, rooftop connections, the
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Turf 
Practice

Waste 
Storage 

Downspouts 

Loading 
Dock 

Vehicle 
Fueling 

Parking 
Lots 

Figure 24: Investigating Potential Storm Water Hotspots
Storm water hotspots are sites that produce higher levels of storm water pollution and/or a greater

risks of spills, leaks and discharges, and are created by vehicles, outdoor storage, waste
management, plant maintenance, grounds care and other site operations and practices.

pollution prevention techniques are available,
managers must identify the unique combination
of techniques that will address the actual
pollution problems encountered at each site.
Thus, the first step in hotspot source control
involves a thorough investigation of storm
water problems, spill risks, and pollution
sources at the site. A Hotspot Site Investigation
(HSI) evaluates current operations with respect
to six potential pollution sources (Figure 24):

Vehicular Sources: Are vehicles washed,
fueled, repaired, or stored at the site that could
serve as a potential source of pollution?

Material Handling: Are pollutants being stored
or loaded outside where they may be exposed
to rainfall?

Waste Management: Can any wastes produced
at the site get into the storm drain system?
(e.g., trash dumpsters, used oil, product
disposal).

Physical Plant Practices: Do any of the
maintenance practices for the building and
parking lots have the potential to pollute storm
water?

Turf and Landscaping: Are the fertilizers or
pesticides used to maintain the grounds a
potential pollution source?

Miscellaneous Sources: Are there unique
operations at the site that can produce
pollution? (e.g., marinas, swimming pools, and
golf courses)

A unique combination of pollution prevention
practices is prescribed for each storm water
hotspot based on the HSI. This prescription
may involve structural and nonstructural
techniques, along with the employee training
needed to make them happen. Guidance on
conducting an HSI can be found in Manual 11.
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4.7  Municipal Practices and4.7  Municipal Practices and4.7  Municipal Practices and4.7  Municipal Practices and4.7  Municipal Practices and
ProgramsProgramsProgramsProgramsPrograms

Municipalities can play at least six pivotal
roles in subwatershed restoration. First,
communities maintain much of the physical
infrastructure in a subwatershed, including
roads, sewers, and storm drain systems. In
many cases, communities can reduce or
prevent pollutants from entering the
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Stewardship ofStewardship ofStewardship ofStewardship ofStewardship of
PPPPPublic Lublic Lublic Lublic Lublic Landandandandand
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Figure 25: General Feasibility of Retrofit Practices at Different
Levels of Subwatershed IC

This chart provides general guidance on the subwatershed conditions where the restoration
techniques can be most widely applied. Actual restoration potential should always be

assessed in the field, but the ability to widely implement some restoration techniques is often
limited in the most intensely developed subwatersheds, due to lack of available land in the

stream corridor or upland areas.

 Subwatershed Impervious Cover  
Restoration Practice 10 to 25%  25 to 40%  40 to 60% 60 to 100% 

Storm Water Retrofit Practices 
Storage Retrofit ¸ ¾ ¹ î 
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subwatershed category. Note that the non-
supporting subwatershed category has been
divided into a lower range (25 to 40% IC) and
an upper range (40 to 60% IC).  As can be
seen, restoration practices become less feasible
as subwatershed IC increases. This is
particularly true for stream corridor restoration
practices such as storm water retrofits, stream
restoration and riparian reforestation.

All seven restoration practices are potentially
feasible within impacted subwatersheds, and
many of these practices continue to be feasible
in the lower range of the non-supporting
category. Obviously, their actual feasibility
cannot be determined until systematic desktop
and field surveys are conducted in a
subwatershed.

By contrast, stream corridor restoration
practices are seldom feasible in the upper range
of non-supporting subwatersheds (40 to 60%
IC) and are rarely feasible in urban drainage
subwatersheds. These subwatersheds may be
suitable for upland practices that reduce or
prevent pollution, such as discharge
prevention, municipal practices, and pollution
source controls.

The feasibility of restoration practices strongly
influences the ability to meet various water
quality, biological and social goals in each class
of subwatershed. Figure 26 illustrates the



Urban Subwatershed Restoration Manual 1 53

Chapter 4: The Range of Subwatershed Restoration Practices

Percent Subwatershed Impervious Cover 
Subwatershed Restoration Goals 

10 to 25 25 to 40 40 to 60 60 to 
100 

Water Quality 
Reduce pollutants of concern ¸ ¸ ¸ ¾ 
Prevent illegal discharges/spills ¾ ¸ ¸ ¾ 
Meet water quality standards ¸ ¾ ¹ î 
Reduce sediment contamination ¸ ¸ ¾ î 
Allow water contact recreation ¸ ¸ ¾ î 
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Restoration Goals for UrbanRestoration Goals for UrbanRestoration Goals for UrbanRestoration Goals for UrbanRestoration Goals for Urban
Drainage SubwatershedsDrainage SubwatershedsDrainage SubwatershedsDrainage SubwatershedsDrainage Subwatersheds

Given the intensity of development in urban
drainage subwatersheds, it is hard to find
enough feasible retrofit sites to meet most
biological goals. Thus, the prospects for
restoring aquatic diversity or stream habitat in
urban drainage subwatersheds are extremely
limited, although some individual reaches may
show modest restoration potential. Some
opportunities may exist to mitigate flooding
problems, restore natural area remnants or

create greenways to link remaining fragments
of intact stream corridor. It is also possible to
achieve incremental reductions in downstream
pollutant export in urban drainage
subwatersheds, although it may not be realistic
to expect major water quality improvements
within the “streams” themselves.

The next two chapters describe the methods
used to discover the actual restoration potential
for all three types of subwatersheds.
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While maps and photos are a starting point, the
stream corridor can only be truly seen by
walking the entire stream network. The Unified
Stream Assessment (USA), described in
Manual 10, has been developed as a tool to
systematically evaluate the remaining stream
area. The stream corridor is an important place
to envision restoration because it is the
transition zone between the upland storm drain
network and the urban stream. Within this
narrow zone, there is often enough available
land to install restoration practices to repair or
improve stream conditions. These include
storage retrofits, riparian management and
discharge prevention practices

5.2 Existing Storm W5.2 Existing Storm W5.2 Existing Storm W5.2 Existing Storm W5.2 Existing Storm Wateraterateraterater
InfrastructureInfrastructureInfrastructureInfrastructureInfrastructure

The next place to envision restoration in a
subwatershed is the existing storm water
infrastructure (Figure 28). Each subwatershed
has a vast network of catch basins, storm
drains, outfall pipes, detention ponds, flood
ways and storm water practices that convey
storm water. The existing storm water system
is attractive for restoration for two reasons.
First, as much as 3% of total subwatershed area
may be devoted to the storm water system
(although often at the expense of the existing
stream corridor). Second, since land is already

devoted to storm water management, it is much
easier to get approval from owners to retrofit it.

The restoration potential of a storm water
infrastructure depends largely on its age. Storm
water systems constructed prior to 1970 are
mostly underground, with limited surface land
devoted to flood control projects. Systems
from 1970 to 1990 were often built with storm
water detention ponds designed to control peak
flood discharges. Detention ponds, which are
often quite large, greatly add to the surface
land available for potential restoration, and are
always a favorite target for storage retrofits.
Systems designed over the last decade reflect
the growing trend toward the treatment of
storm water quality, and may contain dozens of
storm water treatment practices of all different
sizes and types. The surface land area devoted
to storm water practices can consume as much
as three to 5% of subwatershed area,
depending on local storm water criteria. These
newer practices are a particularly attractive
retrofitting target.

A good map of the urban storm water pipe
system is extremely helpful, if available.
Several locations on these maps deserve close
scrutiny: outfalls where storm water pipes
discharge, open land adjacent to these outfalls,
and any surface land devoted to storm water
detention and/or treatment. These locations are
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Figure 27: Envisioning Restoration in the Remnant Stream Corridor
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Each road crossing presents both a problem
and an opportunity. Bridges and culverts that
cross the corridor are always suspected barriers
to fish migration, but they may also
unintentionally act as a useful grade control in
a rapidly incising stream. Also, road designers
like to maintain grade when crossing streams,
so they often build earthen embankments
across the flood plain to approach the bridge
and culvert. In very small streams, these
crossings can be modified to provide
temporary storage and treatment of storm water
upstream of the crossing. Lastly, road crossings
often provide the best access to the stream
corridor for stream assessments, cleanups and
construction equipment.

Larger highways often have fairly large parcels
of unused land near interchanges in the form of
cloverleafs and approach ramps. These parcels
can be an ideal location both for storage
retrofits and reforestation, because they receive
polluted runoff from the highway and generally
serve no other purpose.

Figure 29: Envisioning Restoration on Open Municipal Lands
Portions of open municipal land are often good candidates for locating
restoration practices, particularly along the property margins. Parks,

schools and ballfields (shown in photo) are always worth evaluating in any
subwatershed.
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Figure 33: Envisioning
Restoration for Storm

Water Hotspots
Storm water hotspots are
very hard to find, given

their small size and uneven
distribution in most urban

subwatersheds. Field
investigations are almost
always needed to confirm

locations of severe
hotspots, although analysis

of business or permit
databases can be used to

narrow the search.

 

Figure 34: Envisioning Restoration in Residential Neighborhoods
Each residential neighborhood has its own distinctive character, based on its age, lot size, vegetative
cover and housekeeping. These characteristics greatly influence opportunities for residential source
control, which is evident when a large lot suburban neighborhood (Panel A) is compared to small lot

urban neighborhood (Panel B).

 

A B

Figure 35: Envisioning
Restoration on Large

Parcels of Institutional Land
Institutions such as this college
campus, may have unused land

on their property that may be
suitable for locating

subwatershed restoration
practices.
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Figure 36: Envisioning Restoration in the Sewer System
While the sewer system is mostly underground (Panel A), manholes (Panel B) and sewer
crossings near the stream corridor (Panel C) should always be investigated to check for

potential sewage leaks and discharges.

 A  C  B  

institutional landowners are actively involved
in the community and may be willing to partner
in restoration efforts.

5.10 The Sewer System5.10 The Sewer System5.10 The Sewer System5.10 The Sewer System5.10 The Sewer System

The sewer system is always an important place
to envision restoration potential, although it is
intrinsically difficult to see since most of it is
located underground (Figure 36). Most
communities have good maps of their sewer
pipe networks, although older portions may be
much less reliable. The key factor to determine
is whether the sewer system is a source of
sewage discharges to the stream corridor that it
often parallels. The severity of sewage
discharge depends on the age, condition, and
capacity of the sewer network. In addition,
urban watersheds are not always fully sewered;
some are partly served by existing or relict
septic systems, which can be a source of
pollution.

5.11 Streets and Storm5.11 Streets and Storm5.11 Streets and Storm5.11 Streets and Storm5.11 Streets and Storm
Drain InletsDrain InletsDrain InletsDrain InletsDrain Inlets

The last area to envision restoration potential
includes the street surfaces and storm drain
inlets of a subwatershed (Figure 37). Pollutants
tend to accumulate on street surfaces and
curbs, and may be temporarily trapped within
storm drain catch basins and sumps. These
storage areas often represent the last chance to

remove pollutants and trash before they wash
into the stream. Municipal maintenance
practices, such as street sweeping, catch basin
clean-outs and storm drain stenciling, can
potentially remove some fraction of these
pollutants, under the right conditions. These
municipal practices are particularly well-suited
for highly urban subwatersheds that have many
streets, but few other feasible restoration
options.

While good street maps are almost always
available, accurate maps of storm drain inlet
locations can be much harder to find. The
Streets and Storm Drains (SSD) component of
the USSR helps to qualitatively assess the
degree of actual pollutant accumulation within
streets, curbs and catch basins in the
subwatershed. The SSD also looks at
feasibility factors, such as parking, traffic,
access and pavement condition, that will
determine if street sweeping or catch basin
clean-outs will be effective or practical in a
particular subwatershed.

5.12 Summar5.12 Summar5.12 Summar5.12 Summar5.12 Summaryyyyy

This chapter described how and where to
search for restoration potential in urban
subwatersheds. Each subwatershed has a
different combination of opportunities and thus
different restoration potential. The next chapter
describes a framework for translating these
possibilities into a realistic subwatershed plan.
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Figure 37: Envisioning Restoration on Streets and Storm Drain Inlets
Pollutants and trash can accumulate on street surfaces and curbs (Panel A) or within

storm drain catch basins and sumps (Panel B). Street sweeping and catch basin
cleanouts may be the last chance to remove these pollutants in highly urban

subwatersheds with few other restoration options.
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Figure 39: Detailed Steps and Tasks Involved in the
Restoration Planning Process

Each step in the planning process usually has its own associated desktop analysis, field
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Step 3: Evaluate RestorationStep 3: Evaluate RestorationStep 3: Evaluate RestorationStep 3: Evaluate RestorationStep 3: Evaluate Restoration
PPPPPotentialotentialotentialotentialotential

The third step is a systematic assessment of
potential restoration opportunities within the
stream corridor and subwatershed, and
involves five important tasks.

Detailed Subwatershed Analysis (DSA)  It is
important to compile basic subwatershed
information and generate base maps for stream
corridor and subwatershed assessments prior to
going out in the field. This first phase of
desktop analysis characterizes current
subwatershed characteristics, plans routes and
establishes stream survey reaches. Extra time
spent in the office can save a lot of time out in
the field. The second phase of desktop analysis
occurs after the field assessments and
stakeholder involvement tasks are completed.
This phase assembles, implements and analyzes
subwatershed data to devise an initial
restoration strategy.

Unified Stream Assessment (USA)  The USA
is a rapid assessment of all surface drainage in
a subwatershed to identify problems and
restoration opportunities within the stream
corridor. The USA evaluates eight stream
impacts or conditions, including storm water
outfalls, severe erosion, impacted buffers, utility
crossings, trash and debris, stream crossings,
channel modifications, and miscellaneous
features. The running survey relies on GPS
mapping, digital photos and reach analysis to
identify potential sites for individual retrofit,
stream restoration, discharge prevention or
riparian management projects. The data
compiled from USA surveys is then analyzed to
evaluate the restoration potential of the stream
corridor (see Manual 10).

Unified Subwatershed and Site
Reconnaissance (USSR)  The USSR is a
companion survey that explores pollution
sources and restoration opportunities in the
upland areas of a subwatershed. During a
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Step 4: Conduct DetailedStep 4: Conduct DetailedStep 4: Conduct DetailedStep 4: Conduct DetailedStep 4: Conduct Detailed
Restoration AssessmentRestoration AssessmentRestoration AssessmentRestoration AssessmentRestoration Assessment

The fourth step of the framework involves
assessing the feasibility of individual
restoration projects in the subwatershed or
stream corridor.

Project Concept Design (PCD)  This desktop
task develops detailed concept designs for
individual restoration projects identified during
the initial subwatershed restoration strategy.
Project data from detailed site investigations is
then used to work up concept designs for the
most feasible and effective restoration projects
in the subwatershed. Some upland restoration
practices, such as source control and municipal
practices, are developed and refined at the
desktop level. Each candidate project is then
evaluated with regard to feasibility, design
constraints, estimated cost and potential
restoration benefits. Planning and design
information for individual restoration projects
are then organized into spreadsheets and/or
GIS for subsequent analysis in the next step.

Candidate Project Investigations (CPI)  This
task gathers the field and/or engineering data
needed to develop workable concept designs
for individual restoration projects in the stream
corridor. Depending on the initial restoration
strategy, this may entail one or more of the
following:

· Retrofit Reconnaissance Inventory (RRI)
· Stream Repair Investigation (SRI)
· Riparian Management Inventory (RMI)
· Discharge Prevention Investigation (DPI)

These investigations are used to acquire enough
data to develop a basic concept design for each
restoration project.

These investigations are vital to develop
workable plans or programs to control upland
pollutant sources and/or restore pervious areas
in the subwatershed. Depending on the initial
restoration strategy, this may entail one or more
of the following investigations:

· Hotspot Compliance Inspections (HCI)
· Natural Area Remnant Analysis (NARA)
· Watershed Reforestation Inventory (WRI)
· Source Control Plan (SCP)
· Municipal Operations Analysis (MOA)

These rapid investigations are used to either
develop a basic concept design for each project
or determine effective program delivery.

Managing Stakeholder Input (MSI) The first
community stakeholder meeting should report
on the early results of subwatershed analyses
and get initial feedback from the “nighttime”
stakeholders that live and work in the
subwatershed. While evening meetings are a
common way of soliciting involvement, other
methods such as Saturday subwatershed tours,
websites, mailings, or stream walks can also be
used to solicit involvement. All of these
involvement methods can help elicit the issues
and concerns stakeholders want to incorporate
into the subwatershed plan.

Inventory of Restoration Opportunities
(IRO)  The management product associated
with this step is an inventory of feasible
restoration projects for the subwatershed that
addresses restoration goals and objectives set
at the watershed level.
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Step 6: Determine WhetherStep 6: Determine WhetherStep 6: Determine WhetherStep 6: Determine WhetherStep 6: Determine Whether
Subwatershed Plan MeetsSubwatershed Plan MeetsSubwatershed Plan MeetsSubwatershed Plan MeetsSubwatershed Plan Meets
WWWWWatershed Goalsatershed Goalsatershed Goalsatershed Goalsatershed Goals

This is perhaps the most frequently overlooked
step in watershed restoration: determining
whether or not the subwatershed plan can meet
watershed goals. In some cases, models and
predictive tools to make this determination
may not exist. In these cases, plan success can
only be measured by future monitoring in the
subwatershed, and the subwatershed
restoration plan becomes its own experiment.
In other cases, however, predictive models can
be used to determine whether the plan will
meet restoration goals. Some communities may
elect to pursue this step concurrently with the
development of the draft subwatershed plan.

Subwatershed Treatment Analysis (STA)  If
watershed restoration goals are oriented toward
hydrology or water quality, there are several
good desktop models for estimating the plan’s
watershed treatment and associated pollutant
reduction. Manual 2 describes how to apply the
Watershed Treatment Model (WTM) to
quantify the pollutant reduction achieved by the
subwatershed restoration plan, and provides
references for other subwatershed assessment

tools. Fewer predictive models exist to
evaluate restoration goals geared to improving
habitat or aquatic biodiversity.

External Plan Review (EPR)  An important
element of plan evaluation is review and input
from the subwatershed stakeholders, who
help ensure the plan meets the unique needs
of both the subwatershed and the community.
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Step 7: Implement PlanStep 7: Implement PlanStep 7: Implement PlanStep 7: Implement PlanStep 7: Implement Plan

This step deals with the many complex tasks
involved in the final design, public review and
adoption of the plan.

Final Design and Construction (FDC) Much
of the time and expense in the subwatershed
planning process is expended for the final
design, engineering and permitting of individual
restoration projects. Since many different
projects and programs will be implemented in
the subwatershed plan, you will need to
anticipate how to “deliver” restoration projects
(i.e., how to sequence design, construction,
inspection, maintenance and monitoring within
budget constraints). Particular emphasis should
be placed on getting the most accurate project
cost estimates possible, so that the total cost of
the plan can be established and phased over
time.
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Step 8: MeasureStep 8: MeasureStep 8: MeasureStep 8: MeasureStep 8: Measure
Improvements Over TimeImprovements Over TimeImprovements Over TimeImprovements Over TimeImprovements Over Time

Urban restoration is such a new field that each
restoration plan is basically its own experiment.
As a result, it is important to institute tracking
and monitoring systems to measure
improvements in subwatershed indicators over
time. These systems can include internally
tracking the delivery of restoration projects in a
subwatershed, as well as monitoring stream
indicators at sentinel monitoring stations.
Performance monitoring of individual
restoration projects can be tracked to improve
the design of future restoration practices.
Information gathered from each of these
tracking systems is used to revise or improve
the restoration plan over a five- to seven-year
cycle.

Tracking Project Implementation (TPI)  Few
people fully comprehend the complexity of
delivering a large group of restoration projects
within a small subwatershed. It is a good idea
to use a spreadsheet or GIS system to track
project implementation data such as project
construction, inspection, maintenance and
performance. Project tracking data chronicles
progress made in subwatershed
implementation, and can isolate management
problems to improve the delivery of future
restoration projects.

Sentinel Monitoring Stations (SMS)  In this
task, fixed, long-term sentinel stations are
established to measure trends in selected
aquatic indicators over many years (preferably
at the same locations monitored during the
initial baseline assessment). Sentinel monitoring
is perhaps the best way to determine how
streams are actually responding to
subwatershed restoration. Few communities
have the resources to continuously maintain a
long-term monitoring program, but the existence

of sentinel stations ensures that the right
indicators are measured at the same places
when money is available for monitoring.

Performance Monitoring of Practices (PMP)
Restoration practices are often experimental,
and it is important to measure whether
restoration projects are really working as they
were designed to. As a result, communities may
want to invest in performance monitoring of
individual restoration projects to improve future
designs. Such monitoring can be relatively
simple (observing the success of a reforestation
project) or extremely complex and expensive
(measuring the pollutant reduction of a storm
water retrofit or the biological response to a
comprehensive stream restoration project).

Ongoing Management Structure (OMS)  Full
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SummarSummarSummarSummarSummaryyyyy

This chapter presents an ideal framework to
guide and organize the small watershed
restoration planning process. In reality, every
community will end up with its own peculiar
planning process reflective of  its diverse
watersheds, unique goals, funding sources,
partners and prior experience. The key point is
that each community should develop a clear
and understandable process to translate plans
into action. The next manual, Methods to
Develop Restoration Plans for Small Urban
Watersheds, presents different options to help
create an effective planning process.
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current peak discharge rate to the pre-
development peak discharge rate produced
during a 100-year rainfall event at a specific
point of interest within the subwatershed
(expressed in units of cubic feet per second, or
cfs). This ratio is a useful index of the probable
expansion of the flood plain within the existing
stream corridor. In practice, the ratio is
computed by applying detailed hydrology
models to estimate the peak discharge rates for
current conditions, which are a function of
current subwatershed IC, soil types, and
hydraulic conditions in the stream channel and
flood plain. The models are then run again to
simulate pre-development conditions in the
subwatershed, and the ratio of the two current
and pre-development peak discharge rates is
then computed.

Baseline condition compared to  The 100-
year peak discharge rate for pre-development
conditions is usually modeled assuming the
subwatershed has a rural land use mix (e.g.,
forest, pasture and crops) and does not have a
storm drain collection system. For comparison
purposes, the index or ratio for an undeveloped
rural subwatershed is one.

References used to derive  Sauer et al. (1983)
and Hollis (1975) established the initial
relationship. The basic modeling tools to
predict 100-year peak discharge rates for pre-
development and current development
conditions have advanced considerably since
then, but the newer hydrologic models still
give the same basic results in most urban
subwatersheds (USGS, 1996).

Utility in restoration planning and design
The index helps define the degree of flood plain
expansion in the stream corridor. High index
values indicate that flooding problems may be
severe in the stream corridor, and could suggest
that older stream crossings may lack sufficient
capacity to handle increased flood waters. The
peak discharge ratio also helps estimate the
maximum stress and current velocities that
stream repair practices will be exposed to.

Comments  The relationship between IC and
100-year peak discharge rate ratios are
reasonably well established, but several other

subwatershed factors can also strongly
influence this indicator. These factors include
the type and age of storm drains, the age of
subwatershed development, and the existing
hydraulic capacity of both the stream channel
and its flood plain.

3. Bankfull Flooding F3. Bankfull Flooding F3. Bankfull Flooding F3. Bankfull Flooding F3. Bankfull Flooding Frequencyrequencyrequencyrequencyrequency

Definition and computation of indicator
This indicator is defined as the number of flow
events that completely fill the cross-sectional
area of the pre-development channel in an
average year of rainfall. Continuous hydrologic
simulation models are often used to derive this
statistic, by comparing bankfull flood
frequency based on current subwatershed
conditions against the frequency computed for
assumed rural, pre-development conditions.

Baseline condition compared to  In rural
watersheds, the bankfull flood frequency is
about 0.5 events per year, or roughly one
bankfull flood event every two years.

References used to derive  The basic
relationship was developed by Leopold (1968,
1994) and a simple model to relate bankfull
flooding frequency to subwatershed IC was
advanced in Figure B-3, Appendix B “Bankfull
Flooding Frequency Analysis” by Schueler
(1987). Data from Konrad and Booth (2002)
and Nehrke and Roesner (2002) were also
helpful in characterizing the relationship.
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storm water flows (see indicator # 7).
Therefore, this indicator will be less accurate in
older subwatersheds where channel incision
and enlargement have already increased the
capacity of the channel to accommodate pre-
development bankfull flood discharge rates.
Stream order may also be important in defining
bankfull flooding frequency in urban streams.
Palmer et al. (2003) observed the greatest
increase in bankfull flooding frequency
occurred in first and second streams, and was
attenuated to some degree in third and fourth
order streams.

C: Derivation of ICM PC: Derivation of ICM PC: Derivation of ICM PC: Derivation of ICM PC: Derivation of ICM Predictionsredictionsredictionsredictionsredictions
for Physical Alteration of thefor Physical Alteration of thefor Physical Alteration of thefor Physical Alteration of thefor Physical Alteration of the
Urban Stream CorridorUrban Stream CorridorUrban Stream CorridorUrban Stream CorridorUrban Stream Corridor

4. Stream Enclosure/Modification4. Stream Enclosure/Modification4. Stream Enclosure/Modification4. Stream Enclosure/Modification4. Stream Enclosure/Modification

Definition and measurement of indicator
This indicator is defined as the fraction of the
pre-development stream network that remains
intact, expressed in terms of total length
(miles) or stream density (miles/square mile).
This indicator is derived by comparing the
length of the historical stream network (derived
from historical maps or photos) to its current
stream length (determined from GIS analysis or
field assessment).

Baseline condition compared to  Rural
streams that have 90 to 100% of the original
stream network remaining, although some may
have experienced greater modification because
of past agricultural drainage, flood control or
channelization “improvements.”

References used to derive  The predictions
are primarily based on anecdotal evidence,
although several studies have documented that
individual urban subwatersheds lose
considerable stream density at high levels of
development (Dunne and Leopold, 1978 and
NVRC, 2001). As a practical consideration,
very few biological or habitat indicators are
reported above 50 to 60% subwatershed IC,
which indirectly suggests that this level of IC
may be the breakpoint where natural stream
channels are enclosed or channelized.

Utility in restoration planning and design
This indicator can help define general
opportunities to daylight streams, and is also a
good measure of the loss of headwater streams
that are important in stream ecology.

Comments  The age and intensity of
development in a subwatershed can also be
very important in defining this stream corridor
indicator. For example, recently developed
subwatersheds could potentially be subject to
less stream enclosure/modification because of
wetland permitting and/or stream buffer
requirements.

5. Riparian F5. Riparian F5. Riparian F5. Riparian F5. Riparian Forest Continuityorest Continuityorest Continuityorest Continuityorest Continuity

Definition and measurement of indicator
This indicator is defined as the fraction of the
existing perennial stream network that
possesses an intact forest buffer of an
appropriate width (e.g., 50 feet on either side
of channel). Riparian forest continuity, or RFC
can be directly measured by the Unified Stream
Assessment (Manual 10) or through a GIS
analysis of aerial photographs of a
subwatershed.

Baseline condition compared to  Rural
streams typically have an intact riparian forest
buffer along about 80 to 100% of their stream
corridor, according to regional surveys by
Jones et al. (1997). Riparian forest continuity,
however, can be quite variable in some rural
subwatersheds, depending on the prevailing
riparian management practices used by
adjacent farmers and ranchers.

References used to derive  Only one study has
defined the behavior of RFC over a broad
range of subwatershed IC (Horner et al., 1997),
but the Center has consistently seen the sharp
decline in RFC during field work in highly
urban subwatersheds.

Utility in restoration planning and design
Riparian forest continuity is an extremely
important indicator of subwatershed with high
potential to reforest or improve management of
the stream corridor. RFC is also a good
indicator to measure progress made in riparian
reforestation at the subwatershed level.
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Comments  Historical stream corridor
management actions can also be extremely
important to explain RFC behavior within
individual subwatersheds. For example, past
decisions to locate stream valley parks,
regulate the flood plain or require stream
buffers during development can all strongly
influence RFC.
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Comments  More research is needed to assess
the degree of channel enlargement that occurs
in the NS and UD stream categories. It is also
quite likely the age of development will be an
important subwatershed factor, since the
channel enlargement process may take decades
to fully manifest itself in many urban streams.

8. Sediment Supply to Stream8. Sediment Supply to Stream8. Sediment Supply to Stream8. Sediment Supply to Stream8. Sediment Supply to Stream

Definition and measurement of indicator
The indicator is defined by the ratio of the
annual sediment yield produced from an urban
subwatershed compared to a rural one,
expressed in terms of mass per unit area per
year (e.g., tons/square mile/yr). The sediment
yield indicator reflects the delivery of greater
urban sediment loads caused by accelerated
stream bank and channel erosion. Long-term
sediment and flow monitoring are needed to
compute the subwatershed sediment yield,
which has been done at a few smaller USGS
gage sites.

Baseline condition compared to  A stable
rural stream of the same geomorphic type and
subwatershed area.

References used to derive  The fact that
individual urban subwatersheds have higher
unit area sediment yields compared to rural
subwatersheds has been established by Barton
(2003); Trimble (1997); and Dartiguenave et
al. (1997). To date, no studies have tracked this
indicator over the broad range of impervious
cover encompassed by the ICM. In addition,
the potential for reduced urban sediment yields
because of extensive stream enclosure/
modification has not been investigated, but
could be very important in UD subwatersheds.

Utility in restoration planning and design
This indicator is important to assess a
subwatershed’s contribution to downstream
sediment loads, as well as predicting internal
sediment dynamics within the stream channel.
Sediment yield can be used to forecast the
future loss of capacity in storage retrofits and
stream repair practices due to sediment
deposition.

Comments  The general prediction is
reasonably strong, but is complicated by the
evolution process of urban stream channels.
More research on the unit area sediment yield
data over the range of IC covered by the ICM
would be helpful, particularly for channels that
are naturally adjusting and those that are
channelized/enclosed.

9. T9. T9. T9. T9. Typical Stream Habitat Scoreypical Stream Habitat Scoreypical Stream Habitat Scoreypical Stream Habitat Scoreypical Stream Habitat Score

Definition and measurement of indicator
This indicator is defined by the average stream
habitat score sampled in multiple stream
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10. P10. P10. P10. P10. Presence of Lresence of Lresence of Lresence of Lresence of Larararararge Wge Wge Wge Wge Woodyoodyoodyoodyoody
DebrisDebrisDebrisDebrisDebris
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Baseline condition compared to  The annual
load of phosphorus or nitrogen produced by a
rural subwatershed, which has been defined
regionally in the National Water Quality
Assessment by the USGS (2001). The term
“rural” refers to a mix of forest, pastures and
crops; note that subwatersheds with extensive
row crop or livestock operations can produce
much higher nutrient loads.

References used to derive  The general
relationship between storm water nitrogen
loading rates and subwatershed IC has been
proposed by Schueler and Caraco (2001). A
similar relationship between storm water
phosphorus loading rates and subwatershed IC
has been presented by Caraco and Brown
(2001, Table 4) and Caraco (2001, Figure 1).
The nutrient load indicator does not include
any nutrients from wastewater discharges
(either permitted or illicit), which are often
found in NS and UD subwatersheds and could
possibly increase annual nutrient loads.

Utility in restoration planning and design
Nutrient loads can be a useful indicator to
measure progress toward nutrient reduction
efforts in subwatersheds where downstream
eutrophication is a management concern.
Various modeling tools can be used to estimate
the effect of various restoration practices to
reduce subwatershed nutrient loading rates.
Manual 2 in this series describes how the
Watershed Treatment Model can be used for
this purpose.

Comments  Pitt et al. (2003) has published
extensive summaries of storm water runoff
monitoring data that establish reliable
estimates of nutrient event mean
concentrations over a wide range of
subwatershed IC in many regions of the
country. Therefore, our confidence in the
accuracy of urban nutrient load predictions is
fairly high, although we are less confident in
the estimates of rural nutrient loads used as the
baseline condition.

13. Exceedance of Bacteria13. Exceedance of Bacteria13. Exceedance of Bacteria13. Exceedance of Bacteria13. Exceedance of Bacteria
StandardsStandardsStandardsStandardsStandards

Definition and measurement of indicator
This indicator is defined as the frequency that
bacteria standards for water contact recreation
are exceeded during wet weather and/or dry
weather flow events in urban subwatersheds, as
measured either by fecal coliform or E. coli
bacteria. Bacteria levels are typically measured
during stream sampling at trend or sentinel
stations within an urban subwatershed.

Baseline condition compared to  Water
contact bacteria standards are exceeded in
rural streams no more than 10 to 20% of storm
events per year, and are rarely exceeded during
dry weather
(USGS, 2001).

References used to derive  The basic
conceptual model for dry and wet weather
bacteria behavior for urban watersheds has
been advanced by Schueler (1999 - Figure 1),
based on an extensive analysis of storm water
and dry weather monitoring data for urban
subwatersheds across the country. Other data
sources include Mallin et al. (2000, 2001) and
Pitt et al. (2003).

Utility in restoration planning and design
The bacteria indicator can help target discharge
prevention and source control restoration
practices, and can be used to set realistic and
achievable goals for water contact recreation
during dry and wet weather.

Comments  Extensive runoff monitoring has
established reliable estimates of storm water
bacteria concentrations over a wide range of IC
in many regions of the country (Pitt et al.,
2003). Although bacteria levels are highly
variable, we are reasonably confident in the
broad pattern.
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reported in patterns of sediment contamination
in a national survey of sediment quality (US
EPA, 1997). The same basic sediment
contamination fingerprint has also been widely
observed in the bottom sediments of many
storm water ponds (Schueler, 1996).

Much less evidence is available to make the
link between subwatershed IC and pollutant
accumulation in fish tissues that prompt fish
consumption advisories. There does appear to
be a strong clustering of fish consumption
advisories around highly urban subwatersheds
for non-mercury pollutants (EPA, 2003). In
addition, the USGS (2001) reports extensive
evidence of metal and PAH accumulation in
fish tissues in urban streams, but they did not
systematically monitor them over the wide
range of subwatershed IC encompassed by the
ICM.

Utility in restoration planning and design
This indicator is important to define priorities
and specific pollutant reduction targets for
hotspot source control, discharge prevention,
municipal practices, neighborhood stewardship,
and storm water retrofits in a subwatershed
plan.

Comments  While there is strong evidence for
the relation of urbanization and sediment
contamination/fish advisories, we lack
systematic monitoring over the full range of
subwatershed IC to make quantitative
predictions at this time. We have therefore
elected to use a narrative rather than
quantitative prediction for this indicator.

16. T16. T16. T16. T16. Trash and Debrisrash and Debrisrash and Debrisrash and Debrisrash and Debris

Definition and measurement of indicator
This indicator is ideally defined as the unit area
loading rate of trash and debris, expressed in
dry weight measured for an urban
subwatershed. At this time, however, there is
no universally accepted method to report trash
and debris loadings. Researchers have
variously measured trash/debris using units of
gallons, tons, cubic feet, and number of trash
bags filled. There also is no consistency in
whether reported loads represent dry mass, wet
mass or only floatables. In addition, the actual
techniques to measure trash/debris loads are

quite different, with researchers using booms to
capture trash during runoff events, sampling
catch basins, measuring the total volume
collected by volunteers along a given length of
stream or shoreline, or weighing trash collected
by skimmer boats in a harbor.

Baseline condition compared to  A rural
stream, with minor trash loading.

References used to derive  Several debris
characterization studies were consulted
including CRWQCB (2001), OCW (2000), and
Steinberg et al. (2002). None of these studies
sampled small urban subwatersheds, nor did
they evaluate trash/debris loads over the range
of subwatershed IC included in the ICM. It
should be noted, however, that most trash and
debris problems and management efforts do
occur in highly urban and ultra-urban
subwatersheds (i.e., NS and UD streams).

Utility in restoration planning and design
This indicator is useful to target stream
cleanups, and define residential and business
source control practices in contributing
subwatersheds. Severe trash and debris
problems may call for enhanced municipal
practices such as street sweeping, storm drain
cleanouts, storm drain stenciling, or illegal
dumping controls.

Comments  This is perhaps the most poorly
understood ICM indicator, due to uneven and
inconsistent data quality to measure trash/
debris, and the fact that trash loading rates
have not been systematically monitored in
subwatersheds over the full range of the IC
covered by the ICM model. Virtually no trash
loading monitoring has been performed within
impacted subwatersheds, so this indicator
prediction is merely an educated guess.

17. Other Storm W17. Other Storm W17. Other Storm W17. Other Storm W17. Other Storm Water Pater Pater Pater Pater Pollutantsollutantsollutantsollutantsollutants

Definition and measurement of indicator
This indicator is defined as the annual unit area
mass load of a storm water pollutant produced
by an urban subwatershed compared to a rural
subwatershed. It can be computed for any
subwatershed using the Simple Method
(Schueler, 1987), given a reliable estimate of
subwatershed IC and median event mean
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concentrations for the range of land uses
present (see Table A-1). Reliable data are
available for various measures of organic
carbon (COD, BOD5), metals (Cu, Zn, Pb),
and oil and grease.

Baseline condition compared to  The annual
unit area pollutant load produced by a rural
subwatershed, which has been defined
regionally in the National Water Quality
Assessment by the USGS (2001). The term
“rural” refers to a mix of forest, pastures and
crops; subwatersheds with extensive
agricultural or livestock operations can
produce higher loads of organic carbon and
other pollutants.

References used to derive  Schueler (1987)
proposed the general relationship between
storm water pollutant loading rates and
subwatershed IC, which requires a good
estimate of the storm water event mean
concentration (EMC). Pitt et al. (2003) present
EMC data for a range of common land uses,
which is shown in Table A-1.

Utility in restoration planning and design
This is a useful indicator to measure pollutant
load reduction needed to meet subwatershed or
watershed water quality, such as the Watershed
Treatment Model (see Manual 2).

Comments  As noted earlier, Pitt et al. (2003)
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Utility in restoration planning and design
This measure of the pollution tolerance of the
aquatic insect community indicates the degree
to which pollution, degraded habitat, or other
stressors are influencing local stream ecology.

Comments  Again, very little research is
available to characterize EPT scores for
streams with more than 40% subwatershed IC,
which makes it somewhat hard to make
predictions for NS and UD stream categories.
Based on extensions of the trend lines,
however, it is doubtful that any highly urban
streams contain any pollution or temperature
sensitive species.

20. F20. F20. F20. F
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22. Riparian Plant Diversity22. Riparian Plant Diversity22. Riparian Plant Diversity22. Riparian Plant Diversity22. Riparian Plant Diversity
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Appendix B: Organization of RAppendix B: Organization of RAppendix B: Organization of RAppendix B: Organization of RAppendix B: Organization of Restorationestorationestorationestorationestoration
TTTTTechnique Pechnique Pechnique Pechnique Pechnique Profile Sheets for the Manual Seriesrofile Sheets for the Manual Seriesrofile Sheets for the Manual Seriesrofile Sheets for the Manual Seriesrofile Sheets for the Manual Series

Manual 3: Storm WManual 3: Storm WManual 3: Storm WManual 3: Storm WManual 3: Storm Water Rater Rater Rater Rater Retrofitetrofitetrofitetrofitetrofit
PPPPPracticesracticesracticesracticesractices

Storage RStorage RStorage RStorage RStorage Retrofit Tetrofit Tetrofit Tetrofit Tetrofit Techniquesechniquesechniquesechniquesechniques
Modify Existing Ponds (SR-1)
Storage Above Roadway Culverts (SR-2)
New Storage Below Outfalls (SR-3)
Storage in the Conveyance System (SR-4)
Storage in Road Right of Ways (SR-5)
Storage Near Parking Lots (SR-6)

On-site Non-On-site Non-On-site Non-On-site Non-On-site Non-RRRRResidential Residential Residential Residential Residential Retrofitetrofitetrofitetrofitetrofit
TTTTTechniquesechniquesechniquesechniquesechniques
Bioretention (OS-7)
Swales (OS-8)
Infiltration Trench (OS-9)
Storm water Filters (OS-10)
Permeable Pavement (OS-11)
Storm Water Planters (OS-12)
Cisterns (OS-13)
Green Rooftops (OS-14)

On-site ROn-site ROn-site ROn-site ROn-site Residential Residential Residential Residential Residential Retrofitetrofitetrofitetrofitetrofit
TTTTTechniquesechniquesechniquesechniquesechniques
Rain Barrels (OS-15)
Rain Gardens (OS-16)
French Drains and Dry Wells (OS-17)

Manual 4: Manual 4: Manual 4: Manual 4: Manual 4: Stream RepairStream RepairStream RepairStream RepairStream Repair
PPPPPracticesracticesracticesracticesractices

Stream Cleanup TStream Cleanup TStream Cleanup TStream Cleanup TStream Cleanup Techniquesechniquesechniquesechniquesechniques
Stream Cleanups (C-1)
Stream Adoption (C-2)

Stream RStream RStream RStream RStream Repair Tepair Tepair Tepair Tepair Techniquesechniquesechniquesechniquesechniques
Boulder Revetment (R-3)
Rootwad Revetment (R-4)
Imbricated Rip Rap (R-5)
A-Jacks (R-6)
Live Cribwalls (R-7)
Streambank Shaping (R-8)
Coir Fiber Logs (R-9)
Erosion Control Fabrics (R-10)
Soil Lifts (R-11)
Live Stakes (R-12)
Live Fascines (R-13)
Brush Mattress (R-14)
Vegetation Establishment (R-15)
Live Fascines (tream Adoptio03 Tc
0.0
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Manual 9: Manual 9: Manual 9: Manual 9: Manual 9: MunicipalMunicipalMunicipalMunicipalMunicipal
Practices and ProgramsPractices and ProgramsPractices and ProgramsPractices and ProgramsPractices and Programs

TTTTTechniques for Streets and Stormechniques for Streets and Stormechniques for Streets and Stormechniques for Streets and Stormechniques for Streets and Storm
DrainsDrainsDrainsDrainsDrains
Street and Parking Lot Sweeping
Catch Basin Cleaning
Road Maintenance
Employee Training

Best PBest PBest PBest PBest Practices for New Constructionractices for New Constructionractices for New Constructionractices for New Constructionractices for New Construction
Conduct Site ESA
Protect and Restore Natural Area
Natural Area Maintenance
Efficient Use of IC
Employ BSD
Maximize Transportation Choices
Manage Rooftop Runoff
Courtyard Plaza Design
Minimize Parking Lot Runoff
Design Streetscapes
Municipal Pollution Prevention

Inspection and EnforcementInspection and EnforcementInspection and EnforcementInspection and EnforcementInspection and Enforcement
Enforcement
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