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Disclaimer

This document provides guidance to States, Territories, authorized Tribes, and the public
regarding management measures that may be used to reduce nonpoint source pollution from
urban areas. This document refers to statutory and regulatory provisions which contain legally
binding requirements. This document does not substitute for those provisions or regulations, nor
is it a regulation itself. Thus, it does not impose legally-binding requirements on EPA, States,
Territories, authorized Tribes, or the public and may not apply to a particular situation based
upon the circumstances. EPA, State, Territory, and authorized Tribe decision makers retain the
discretion to adopt approaches on a case-by-case basis that differ from this guidance where
appropriate. Interested parties are free to raise questions and objections about the appropriateness
of the application of the guidance to a particular situation, and EPA will consider whether or not
the recommendations in this guidance are appropriate in that situation. EPA may change this
guidance in the future.
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Introduction

INTRODUCTION

The nation's aquatic resources are among its most valuable assets. Although environmental
protection programs in the United States have improved water quality during the past several
decades, many challenges remain. Of special concern are the problems in our urban streams,
lakes, estuaries, aquifers, and other water bodies caused by runoff that is inadequately controlled
or treated. These problems include changes in flow, increased sedimentation, higher water
temperature, lower dissolved oxygen, degradation of aquatic habitat structure, loss of fish and
other aquatic populations, and decreased water quality due to increased levels of nutrients,
metals, hydrocarbons, bacteria, and other constituents.

The National Water Quality Inventory: 2000 Report to Congress identified urban runoff as one
of the leading sources of water quality impairment in surface waters (USEPA, 2002b). Of the 11
pollution source categories listed in the report, “urban runoff/storm sewers” was ranked as the
fourth leading source of impairment in rivers, third in lakes, and second in estuaries (Table 0.1).

Table 0.1: Leading sources” of water quality impairment related to human activities for
rivers, lakes, and estuaries (USEPA, 2002b).

Rivers and Streams Lakes, Ponds, and Reservoirs Estuaries
Agriculture (48%)° Agriculture (41%)° Municipal point sources (37%)*
Hydrologic modifications (20%) | Hydrologic modifications (18%) Urban runoft/storm sewers (32%)
Habitat modifications (14%) Urban runoft/storm sewers (18%) Industrial discharges (26%)
Urban runoft/storm sewers (13%) | Misc. nonpoint source pollution (14%) | Atmospheric deposition (24%)

*Values in parentheses represent the percentage of assessed river miles, lake acres, or estuary square miles that are classified as
impaired. States assessed 19% of stream miles, 43% of lakes, ponds, and reservoirs, and 36% of square mileage of estuaries.
bExcluding unknown, natural, and “other” sources.

0.1 Purpose and Scope of the Guidance

National summaries, such as those shown in Table 0.1, are useful in providing an overview of
the magnitude of the problems associated with urban runoff. Solutions, however, are usually
applied at the local level. State and local elected officials and agencies, landowners, developers,
environmental and conservation groups, and others play a crucial role in protecting, maintaining,
and restoring water resources. Their efforts, in aggregate, form the basis for changing the status
of urban runoff from a local problem to a national problem.

This document provides guidance to states, territories, authorized tribes, and the public regarding
management measures that can be used to reduce nonpoint source pollution from urban
activities. This document refers to statutory and regulatory provisions that contain legally
binding requirements. This document does not substitute for those provisions or regulations, nor
is it a regulation itself. Thus, it does not impose legally binding requirements on the U.S.
Environmental Protection Agency (EPA), states, territories, authorized tribes, or the public and
may not apply to a particular situation based upon the circumstances. EPA, state, territory, and
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authorized tribe decision-makers retain the discretion to adopt approaches that differ from this
guidance on a case-by-case basis. Interested parties are free to raise questions and objections
about the appropriateness of the application of the guidance to a situation, and EPA will consider
whether or not the recommendations in this guidance are appropriate in that situation. EPA may
change this guidance in the future.

This guidance document is intended to provide technical assistance to state and local program
managers and other practitioners on the best available, most economically achievable means of
managing urban runoff and reducing nonpoint source pollution of surface and ground waters
from urban sources. It describes how to develop a comprehensive runoff management program
that deals with all phases of development—from predevelopment watershed planning and site
design, through the construction phase of development, to the operation and maintenance of
structural controls. It also provides information for other situations such as retrofitting existing
development, implementing nonstructural controls, and reevaluating the runoff management
program. Figure 0.1 presents the components of a comprehensive runoff management program.

Establish program

framework

A N

Evaluate program Assess existing
effectiveness conditions
Conduct operation and Runoff Plan and design new
, Management
maintenance development
Program

Retrofit existing

Perform construction
development

Implement pollution

prevention

Figure 0.1: Components of a comprehensive runoff management program.

This document is intended to provide guidance for all urban areas, not just those covered by
National Pollutant Discharge Elimination System (NPDES) phase II requirements. While the
document can serve as a resource for meeting NPDES phase Il requirements, there are still a
number of smaller jurisdictions that are not regulated by the NPDES program and that can
benefit from guidance in developing an urban runoff program.
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0.1.1 Management Measures

Management measures can be used to guide the development of a runoff management program.
They establish performance expectations and, in many cases, specify actions that can be taken to
prevent or minimize nonpoint source pollution or other negative impacts associated with
uncontrolled and untreated urban runoff. Twelve management measures have been included in
this guidance. Figure 0.2 groups these measures within the context of the runoff management
program cycle.

Each management measure listed in Figure 0.2 deals with an important aspect of the runoff
management cycle. For example, Management Measure 8 focuses on construction site erosion,
sediment, and chemical control. Local officials and developers should address these issues
because if exposed soils are allowed to erode and move off construction sites as sediment, they
can clog storm drains, streams, and other water bodies, harm habitat, and impair water quality.

This management measure has four elements:

— Prior to land disturbance, prepare and implement an approved erosion and sediment
control plan or similar administrative document that contains erosion and sediment
control provisions.

— Reduce erosion and, to the extent practicable, retain sediment on-site during and after
construction.

— Use good housekeeping practices to prevent off-site transport of waste material and
chemicals.

— Minimize application and generation of potential pollutants, including chemicals.

Note that specific actions or practices for achieving the performance expectations are not
included in the management measure statement. This is by design. Local officials and other
practitioners need the flexibility to choose management practices that best achieve the
management measure's performance expectations given their own unique circumstances. To aid
in their decision, however, this guidance presents several management practices that can
potentially be used to achieve each management measure.

The components of the runoff management program shown in Figure 0.2 are organized in a cycle
that can be followed stepwise if desired. The elements are meant to work together, but each can
stand alone. The elements of the cycle do not have to be implemented consecutively.

The cycle begins with establishing a program framework that provides legal authority, funding,
and staffing for watershed initiatives (Management Measure 1). Once this framework is
established, watershed managers can commence an assessment of existing conditions
(Management Measure 2) to identify areas in need of protection or restoration. This assessment
also provides stream channel and water quality baselines (i.e., environmental indicators) against
which the success of watershed initiatives can be compared (Management Measure 12: Evaluate
Program Effectiveness).

Management Measures 3 through 7 address issues associated with new development. The
watershed protection management measure (3) focuses on siting development and establishing
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Establish program
framework (Chapter 2)

1

A

Program framework and
objectives

&

Evaluate program
effectiveness (Chapter 9)

Assess existing conditions
(Chapter 3)

12 Evaluation of
management program
effectiveness

T

Conduct operation and
maintenance (Chapter 8)

11 Operation and
maintenance

7

2 Watershed assessment

I

Plan and design new
development (Chapter 4)

Watershed protection

Site development

New development runoff

treatment

6 New and existing onsite
wastewater treatment
systems

Bridges and highways

a b w

Retrofit existing
development (Chapter 7)

U

10 Retrofitting existing
development

S

Perform construction
(Chapter 5)

8 Construction site
erosion, sediment, and

Implement pollution
prevention (Chapter 6)

chemical control

9 Pollution prevention

Figure 0.2: Twelve management measures associated with the runoff management

program cycle.

actions to protect areas identified as sensitive or ecologically valuable. The Site Development
Management Measure (4) provides guidance for planning development on the site scale with
alternative, low-impact site layouts and infrastructure options that protect sensitive areas and
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reduce the quantity of runoff leaving the site. The New Development Runoff Treatment
Management Measure (5) details practices that can be identified to prevent pollutants in runoff
generated from newly developed areas. The onsite wastewater treatment systems management
measure (6) provides guidance on how to reduce pollutant loadings from both new and existing
on-site systems. Finally, the Highways and Bridges Management Measure (7) addresses
pollutants generated from activities related to new and existing transportation infrastructure.

Once development plans have been made, watershed managers can refer to Management
Measure 8: Construction Site Erosion, Sediment, and Chemical Control. This measure presents
practices that reduce pollutant loadings from land-disturbing activities.

Throughout the runoff management program cycle, watershed managers can use the Pollution
Prevention Management Measure (9) to target municipalities, businesses, and individual citizens
with education and awareness programs to reduce pollutants generated from day-to-day
activities. Managers also can use the practices presented in the Existing Development
Management Measure (10) to address areas in need of restoration or retrofitting of existing
management practices. Additionally, the Operation and Maintenance Management Measure (11)
describes activities needed to maintain and extend the life of new and existing management
practices.

Once programs have been established and management practices implemented, managers can
evaluate their effectiveness using program and administrative indicators (Management Measure
12). This evaluation involves reassessing conditions in the watershed to determine whether the
implemented practices effectively reduced nonpoint source pollution. This evaluation also
identifies areas where additional restoration or preservation activities are needed, guiding future
watershed initiatives and thereby restarting the management cycle.

North Branch of the Chicago River Demonstration Project

Through the North Branch of the Chicago River Demonstration Project, the Friends of the Chicago
River, and the Lake County Storm Water Management Commission joined to develop a plan to address
NPS pollution and flooding while educating and involving citizens and community leaders in the
process (USEPA, 2000a). The result was an urban watershed planning model, similar to the one
presented in this guidance, that any city can use to protect its water resources.

This 96-square-mile watershed was affected by storm water runoff from two counties and 24 towns.
The partners in the North Branch of the Chicago River Demonstration Project divided the project into
four tasks—developing a watershed plan, conducting an information and education campaign,
developing a handbook to guide them through the process, and conducting a series of demonstration
projects. For more information, contact Friends of the Chicago River (http://www.chicagoriver.org).

0.1.2 Document Organization

Chapters 2 through 9 of this document consecutively focus on the eight components of the runoff
management program cycle (Figure 0.2). Each chapter describes a component, introduces one or
more management measures that define the performance expectation(s) for that component, and
presents a range of management practices that potentially can be implemented to achieve the
management measure(s). When available, information concerning effectiveness and costs of
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practices is included in the discussion, as are case studies that illustrate how select management
practices have been implemented within communities.

0.2 Origin and Regulatory Context

0.2.1 Origin of This Guidance

This document is an update of the urban management measures and practices provided in
Chapter 4 of an EPA manual entitled Guidance Specifying Management Measures for Sources of
Nonpoint Pollution in Coastal Waters (USEPA, 1993). That document, referred to hereafter as
the Coastal Management Measures Guidance, was published in January 1993 for the specific
purpose of providing state and territorial officials with management measures to incorporate into
their coastal nonpoint source (NPS) pollution control programs.

Through the Coastal Zone Act Reauthorization Amendments of 1990 (CZARA), Congress
mandated that EPA develop the Coastal Management Measures Guidance, and that every state
and territory with an approved coastal zone management program develop an NPS pollution
control program, including enforceable policies and mechanisms to implement all of the
specified management measures. The programs were submitted to EPA and the National Oceanic
and Atmospheric Administration (NOAA) for approval. All were subsequently approved, some
with conditions. The Coastal Management Measures Guidance functions as a blueprint for the
coastal states and territories in their efforts to put together their NPS control programs.

The Coastal Management Measures Guidance included management measures for urban areas
(Chapter 4), agriculture (Chapter 2), silviculture (Chapter 3), marinas (Chapter 5), and
hydromodification (Chapter 6). It also addressed protection of wetlands and riparian areas from
NPS pollution impacts and the use of vegetative treatment systems, such as constructed
wetlands, as management practices to control runoff (Chapter 7).

Of all the NPS pollution sources identified in the Coastal Management Measures Guidance, none
has experienced the rapid technical advancement that has occurred in the areas of urban NPS
pollution control. Many communities have set their sights beyond simple NPS pollutant
reduction targets and are now seeking ways to achieve balance and integration of many quality-
of-life factors, including economic growth, community livability, and environmental protection.

Based on these changes, EPA perceived a need to update and expand the information in Chapter
4 of the Coastal Management Measures Guidance to help local urban officials in both coastal and
inland areas remain current with state-of-the-art management measures and practices. Readers
should note, however, that this guidance does not supplement or replace the 1993 Guidance
Specifying Management Measures for Sources of Nonpoint Pollution in Coastal Waters for the
purpose of implementing programs under CZARA. It simply serves as an additional resource
guide for local officials seeking to develop or improve their urban runoff management programs.

Fundamental differences between this guidance and the Coastal Management Measures
Guidance are presented in Table 0.2.
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Table 0.2: Key differences between the Guidance Specifying Management Measures for
Sources of Nonpoint Pollution in Coastal Waters (USEPA, 1993) and National Management
Measures to Control Nonpoint Source Pollution from Urban Areas.

Guidance Specifying Management National Management Measures to
Measures for Sources of Nonpoint Control Nonpoint Source Pollution from
Pollution in Coastal Waters Urban Areas
Date 1993 2005
Target audience Primary: state and territory officials All persons interested in urban NPS pollution
Secondary: all others interested in NPS and control practices
pollution
Focus NPS management measures and control NPS management measures and control
practices in coastal areas practices in coastal and inland areas
Use Required under CZARA Voluntary
Organization Management measures and practices Management measures and practices
presented by source category presented in the context of a comprehensive
watershed program

0.2.2 Regulatory Context

During the first 15 years (1972—1987) of the national program to abate and control water
pollution, EPA and the states focused most of their activities on traditional point sources. These
point sources have been regulated by EPA and the states through the NPDES permit program
established by Section 402 of the Clean Water Act. The NPDES program functions as the
primary regulatory tool for ensuring compliance with water quality standards. NPDES permits,
issued by either EPA or an authorized state, contain discharge limits designed to meet water
quality standards and national technology-based effluent regulations.

In 1987, in view of the progress achieved in controlling point sources and growing national
awareness of the increasingly dominant influence of NPS pollution on water quality, Congress
amended the Clean Water Act to focus greater national efforts on nonpoint sources. Under this
amended version, referred to as the 1987 Water Quality Act, Congress revised Section 101,
“Declaration of Goals and Policy,” to add the following fundamental principle:

It is the national policy that programs for the control of nonpoint sources of
pollution be developed and implemented in an expeditious manner so as to enable
the goals of this Act to be met through the control of both point and nonpoint
sources of pollution.

The Water Quality Act of 1987 also included language that required comprehensive storm water
regulation using a two-phased approach. (Detailed information on both phases of the NPDES
Storm Water Program is available at http://www.epa.gov/npdes/stormwater.) Phase I, in place
since 1990, required operators of medium and large municipal separate storm sewer systems
(MS4s) located in incorporated areas and counties with populations of more than 100,000,
certain industrial activities, and construction activities disturbing 5 acres or more to obtain an
NPDES permit to discharge storm water runoff. In October 1999 EPA expanded the federal
storm water program with the promulgation of the Phase II rule.

Phase II requires operators of small MS4s (non-Phase I regulated MS4s) in “urbanized areas” (as
defined by the Bureau of the Census) and small construction activities disturbing between 1 and
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5 acres of land to obtain an NPDES permit. Further, the NPDES permitting authority may
require operators of small MS4s not in urbanized areas and small construction activities
disturbing less than 1 acre to obtain an NPDES permit based on the potential for contribution to a
violation of a water quality standard. NPDES permitting authorities are required under the rule to
assess for potential designation all small MS4s located outside an urbanized area that are in areas
with a population of at least 10,000 and a population density of 1,000 per square mile. The Phase
II rule also includes a revised conditional no-exposure provision for industrial facilities, which
provides for a waiver from the permit program if the storm water pollutant sources at a facility
can be demonstrated to be isolated from precipitation and runoff.

For small MS4 permits, Phase II prescribes a set of six minimum control measures, as well as
requirements for evaluation and assessment efforts. The minimum measures are: (1) public
education and outreach on storm water impacts; (2) public involvement/participation; (3) illicit
discharge detection and elimination; (4) construction site runoff control; (5) postconstruction
storm water management in new development and redevelopment; and (6) pollution
prevention/good housekeeping for municipal operations. The regulated operators must choose
and implement appropriate best management practices (BMPs) and define measurable goals for
each measure. The operators must also periodically evaluate and assess program compliance, the
appropriateness and effectiveness of their chosen BMPs, and progress toward achieving their
identified measurable goals. This guidance is expected to be consistent with any guidance issued
for regulated small MS4 operators to meet the requirements of Phase II NPDES storm water
discharge permits. Therefore, the management measures and practices herein can serve as a
resource in developing a community’s storm water management program. It is important to note,
however, that additional requirements not addressed in this guidance may be imposed under an
NPDES storm water permit. Table 0.3 specifies how the management measures relate to each of
the six minimum control measures.

0-8



Introduction

Table 0.3: Comparison of management measures to the six minimum control measures of

NPDES Phase II.

Public Education

Public Involvement

Ilicit Discharge

Program Framework and Objectives

{| |Construction Site ESC

{| [Post Construction

{!| [Pollution Prevention

Establish Legal Authority

AN

Develop an Institutional Structure

Provide Adequate Funding and Staffing

Foster Input From Technical Experts, Citizens, and
Stakeholders

Establish Intergovernmental Coordination

Develop Training and Education Programs and Materials

Watershed Assessment

Characterize Watershed Conditions

Assess Cumulative Effects

Estimate the Effectiveness of Treatment Programs

Establish a Set of Watershed Indicators

Establish Water Quality Indicators

Establish Physical and Hydrological Indicators

Establish Biological Indicators

Establish Programmatic Indicators

Develop a Suite of Social Indicators

Measurable Goals

Watershed Protection

Resource Inventory and Information Analysis

Development of Watershed Management Plan

Implement the Plan

ASRYRRN

Land or Development Rights Acquisition Practices

Site Development

Site Planning Practices

On-Lot Impervious Surfaces

Residential Street and Right-of-Way Impervious Surfaces

Parking Lot Impervious Surfaces

Xeriscaping Techniques

ANERNANENEN

New Development Runoff Treatment

Infiltration Practices

Vegetated Open Channel Practices

Filtering Practices

Detention and Retention Practices

Other Practices

ANERNANENEN

New and Existing Onsite Wastewater Treatment Systems

Permitting and Installation Programs

Operation and Maintenance Programs
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Table 0.3 (continued).

Public Education

Public Involvement

Construction Site ESC

Ilicit Discharge

Pollution Prevention

Bridges and Highways

Site Planning and Design Practices

Soil Bioengineering and Other Runoff Controls for
Highways

Structural Runoff Controls for Bridges

| X || [Post Construction

Bridge Operation and Maintenance Controls

Nonstructural Runoff Control Practices

Construction Site Erosion, Sediment, and Chemical Cont

rol

Erosion and Sediment Control Programs

Erosion Control Practices

Sediment Control Practices

Develop and Implement Programs to Control Chemicals
and Other Construction Materials

ANEANENEN

Pollution Prevention

Household Chemicals

Lawn, Garden, and Landscape Activities

Commercial Activities

ASRYAAN

Trash

Nonpoint Source Pollution Education for Citizens

ANANEANENEN

ANBRNANENEN

Existing Development

Identify, Prioritize, and Schedule Retrofit Opportunities

Implement Retrofit Projects as Scheduled

Restore and Limit the Destruction of Natural Runoff
Conveyance Systems

Restore Natural Streams

Preserve, Enhance, or Establish Buffers

Redevelop Urban Areas to Decrease Runoff-Related
Impacts

AN AR NERNEN

Operation and Maintenance

Establishing an Operation and Maintenance Program

Source Control Operation and Maintenance

Treatment Control Operation and Maintenance

AR

ANRAN

Evaluate Program Effectiveness

Assess the Runoff Management Program Framework

Track Management Practice Implementation

Gauge Improvements in Water Quality Resulting from
Management Practice Implementation

Develop and Implement a Schedule to Improve the
Management Program Framework

Measurable Goals
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The Clean Water Act establishes several reporting, funding, and regulatory programs that
address pollutants carried in runoff that is not subject to confinement or treatment. These
programs relate to watershed management and urban NPS control. Readers are encouraged to use
the information contained in this guidance to develop nonpoint source management
programs/plans that comprehensively address the following EPA reports and programs:

Section 303(d) Lists and TMDLs. Under section 303(d) of the Clean Water Act, states are
required to compile a list of impaired waters that fail to meet any of their applicable water
quality standards or cannot support their designated or existing uses. This list, called a
“303(d) list,” is submitted to Congress every two years, and states are required to develop
a Total Maximum Daily Load (TMDL) for each pollutant causing impairment for water
bodies on the list. More information on the TMDL program and 303(d) lists is provided
at http://www.epa.gov/owow/tmdl.

Section 305(b) and the National Water Quality Inventory: Report to Congress. Every two
years, states are required to submit a report to Congress detailing the health of their
waters. These periodic reports allow Congress to gauge progress toward meeting the
goals of the Clean Water Act and to help identify priorities for future pollution control
funding and activities. More information on the 305(b) program and the National Water
Quality Inventory is provided at http://www.epa.gov/owow/305b.

Section 319 Grant Program. Under Section 319 of the Clean Water Act, EPA awards
funds to states and eligible tribes to implement NPS management programs. These funds
can be used for projects that address urban sources of pollution. More information about
the Section 319 program is provided at http://www.epa.gov/owow/nps/cwact.html.

Section 404 Discharge of Dredged and Fill Material. Under Section 404 of the Clean
Water Act, persons planning to discharge dredged or fill material to wetlands or other
waters of the United States generally must obtain authorization for the discharge from the
U.S. Army Corps of Engineers (Corps), or a state approved to administer the Section 404
program. Such authorization can be through issuance of an individual permit, or may be
subject to a general permit, which applies to certain categories of activities having
minimal adverse environmental effects. Implementation of Section 404 is shared between
the Corps and EPA. The Corps is responsible for reviewing permit applications and
deciding whether to issue or deny permits. EPA, in consultation with the Corps, develops
the Section 404(b)(1) Guidelines, which are the environmental criteria that the Corps
applies when deciding whether to issue permits. EPA also has authority under Section
404(c) to "veto" Corps issuance of a permit in certain cases. More information about the
404 program is provided at http://www.epa.gov/owow/wetlands.

Clean Water State Revolving Fund. EPA established the Clean Water State Revolving
Fund (CWSRF) to provide states with low- or no-interest loans for projects that improve
water resources. These funds can be used to support urban NPS pollution programs and
projects. To receive CWSRF loans from EPA for water quality projects, states must
develop annual Intended Use Plans that outline the expected use of these funds. More
information on the CWSRF program is provided at http://www.epa.gov/OWM/finan.htm.

National Estuary Program. Under the National Estuary Program, states work together to
evaluate water quality problems and their sources, collect and compile water quality data,
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and integrate management efforts to improve conditions in estuaries. So far 28 estuaries
have been accepted into the program. Estuary programs can be an excellent source of
water quality data and can provide information on management practices. More
information on the National Estuary Program is provided at
http://www.epa.gov/owow/estuaries/nep.html.

Two excellent resources for learning more about the Clean Water Act and the many programs
established under it are The Clean Water Act: An Owner’s Manual (Elder et al., 1999) and The
Clean Water Act Desk Reference (WEF, 1997).

Safe Drinking Water Act. Many urban areas, especially urban fringe areas, need to maintain or
improve the quality of surface and ground waters that are used as drinking water sources. This
act requires states, among other things, to develop Source Water Assessment Reports and
implement Source Water Protection Programs. Low- or no-interest loans are available under the
Drinking Water State Revolving Fund Program. More information about the Safe Drinking
Water Act and Source Water Protection Programs can be found at
http://www.epa.gov/safewater/protect.html.

0.3 Key Concepts

0.3.1 Watershed Approach

Since 1991, EPA has promoted the watershed approach as the key framework for dealing with
problems caused by urban runoff and other sources that impair surface and ground waters
(USEPA, 1998). Five principles guide the watershed approach:

— Place-based focus. Activities are directed within specific geographic areas known as
management units. When surface runoff is the primary issue, these management units are
defined by watershed boundaries. Other types of boundaries can also be used to define
management units in special circumstances. If ground water is an issue, for example,
ground water recharge areas might be a logical designation.

— Stakeholder involvement and partnerships. The people most affected by management
decisions are involved throughout the process. Stakeholder participation helps to ensure
that local quality of life, economic stability, and other important community issues are
incorporated into planning and implementation activities. Partnerships among public
agencies and private groups at all levels are also crucial for long-term success.

— Environmental goals and objectives. The success of watershed initiatives is measured by
improvements of the water resource rather than by programmatic objectives. For
example, reestablishing the pool and riffle structure in a stream channel to increase
aquatic insect and fish populations might be an objective. Local goals and objectives need
to be consistent with all applicable state, tribal, and federal statutes and regulations,
including water quality standards.

— Problem identification and prioritization. Sound scientific data and methods are used to
identify and prioritize threats to human and ecosystem health. This process usually begins
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with the assessment and characterization of current natural resource and community
conditions within the management unit(s). Problems, including their causes and sources,
are also documented. Stakeholders and partners then work jointly to set priorities among
the various water resource concerns, taking into account priorities already established at
scales above and below the management unit.

— Integration of actions. Stakeholders and partners take actions in a comprehensive and
integrated manner. Results are then evaluated and actions are adjusted as needed.

A key attribute of the watershed approach is that it can be applied with equal success to large-
and small-scale watersheds. Federal agencies, states, interstate commissions, and tribes usually
apply the approach on watersheds of approximately 100 square miles. Local agencies and urban
communities, however, can apply the approach to watersheds as small as 1 square mile.
Although specific objectives, priorities, actions, timing, and resources might vary from large
scale to small scale, the basic goals of the watershed approach remain the same—protecting,
maintaining, and restoring water resources.

Local runoff management program officials must be especially conscious of watershed scale
when planning and implementing specific management practices. Nonstructural practices, such
as stream protection ordinances and public education campaigns, are usually applied community-
wide. Consequently, the results benefit many small watersheds. In contrast, structural practices,
such as infiltration basins and sand filters, usually provide direct benefits to a single stream.
Regional structural management practices such as retention ponds for larger watersheds can be
used, but they do not protect smaller contributing streams. Given limited resources, runoff
program officials must often analyze costs and benefits and choose between large- and small-
scale practices. Often, a combination of nonstructural and structural practices is the most cost-
effective approach.

British Columbia’s Watershed Approach

The Province of British Columbia has taken a watershed approach in planning for water quality
protection through runoff volume management. Program officials have recognized the link between
surface water volume and watershed health, and are incorporating land use planning into urban runoff
management efforts. The Water Balance Model is a decision support tool developed to assist in the
integration of land use planning and urban runoff management by simulating the effects of source
controls within the watershed. This tool allows the province to establish priorities and efficiently
evaluate the potential effectiveness of management efforts (Stephens et al., 2003).

0.3.2 Stream Network

The size of a watershed is closely related to the network of streams contained within its borders.
Streams with no upstream tributaries are designated as first-order streams down to their first
confluence. A second-order stream is formed when two first-order streams meet. A third-order
stream is created by the confluence of two second-order streams, and so on.

Headwater streams are defined as first- and second-order streams. What they lack in individual
size and length, they make up through sheer numbers. Headwater streams dominate the
landscape, accounting for roughly 75 percent of the total stream and river mileage in the United
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States (Table 0.4). Because they are the dominant drainage feature, headwater streams also
directly receive the bulk of runoff from construction sites, developments, parking lots, highways,
and other features of the urban landscape. In most communities, runoff is collected by a storm
sewer system and discharged with no treatment. Increases in the volume and rate of storm water
runoff have historically resulted in construction of concrete channels and drainage pipes,

eliminating many headwater streams.

Table 0.4: National stream order statistics (Leopold et al., 1964).

Stream Total Length Mean Drainage Area
Order Number of Streams of Stream Miles (square miles)

1 1,570,000 1,570,000 1

2 350,000 810,000 4.7

3 80,000 420,000 23

4 18,000 220,000 109

5 4,200 116,000 518

6 950 61,000 2,460

7 200 30,000 11,700

8 41 14,000 55,600

9 8 6,200 264,000

10 1 1,800 1,250,000

0.3.2.1 Watershed scales

Any number of watersheds can be defined by the streams within the network. Larger watersheds
encompass progressively smaller watersheds in a hierarchical manner. Larger watershed scales,
or national scales, are classified using the Hydrologic Unit Code (HUC), a system of hierarchical
codes used by federal agencies, states, interstate commissions, tribes, and others to identify
watersheds at the national level. Smaller local watersheds, existing at scales below the smallest
HUC scale, are identified more informally.

The U.S. Geological Survey (USGS) has developed the National Hydrography Dataset (NHD),
which is a comprehensive set of digital spatial data derived from USGS digital line graphs and
EPA's reach file 3 that contains information about surface water features such as lakes, ponds,
streams, rivers, springs, and wells. Within the NHD, surface water features are combined to form
“reaches,” which provide the framework for linking water-related data to the NHD surface water
drainage network. These linkages enable the analysis and display of these water-related data in
upstream and downstream order. More information about the NHD is provided at

http://nhd.usgs.gov.

0.3.2.2 National-level scales

USGS developed the HUC system for the purpose of inventorying all “national scale”
watersheds in the United States. To accomplish this objective the agency first divided the
country into 21 regions that account for the watersheds of 21 major river basins. Within those
major river basins the agency identified a total of 222 watershed subregions. The subregions, in
turn, were classified as 352 accounting units. The accounting units were further broken down
into 2,262 smaller watersheds called cataloging units.
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Each level, or scale, in the watershed hierarchy is identified by a numerical code. The cataloging
unit, the smallest scale in the hierarchy, has an eight-digit code that uniquely identifies its
location. The region where the cataloging unit resides is designated by the first two digits of the
code, the subregion by the second two digits, and so on until the four scales are identified. For
example, the watershed of the Upper Mississippi River at Hasting, Minnesota, has a HUC code
0f 07010206. This code breaks down as follows:

Major River Basin ID 07
Subbasin ID 0701
Accounting Unit ID 070102
Catalog Unit ID 07010206

0.3.2.3 Local-level scales

The hierarchy established by the HUC system identifies scales useful for watershed planning and
management by national, regional, state, and multi-state jurisdictions. In many instances, a
municipality or urban community is part of a larger team and undertakes activities in a large-
scale context. However, because even the smallest scale, the cataloging unit, usually describes
watersheds of 100 to 1,000 square miles, local practitioners of runoff management typically find
the HUC-designated scales simply too large to be of practical use. This is especially true when
designing and implementing runoff control practices for individual developments and sites.
Consequently, the watershed hierarchy must be extended to include smaller-scale management
units. A national effort is under way to designate 14-digit HUCs.

The Center for Watershed Protection (Caraco et al., 1998) proposed three progressively smaller
scales in the watershed hierarchy below the subbasin cataloging unit (Figure 0.3):

— Watershed. The scale encompassed by the cataloging unit. Generally, this is the largest
management unit that falls within the local land use planning authority. A community
might have one or more watersheds within its borders, depending on its size.

— Subwatershed. The scale encompassed by the watershed. Its boundaries include all the
land area draining to the point where two second-order streams come together to form a
third-order stream. In most regions, subwatersheds are a few square miles in area and are
drained by a stream several feet in width.

— Catchment. The smallest scale in the hierarchy. The Center for Watershed Protection
defines it as the area that drains an individual development site to its first intersection
with a stream. In some cases this intersection is in the form of a pipe outfall. Depending
on the size of the development site, the catchment might also include some off-site
drainage.
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Figure 0.3: Scales of watershed management units (Schueler, 1995).

0.3.3 Impervious and Pervious Surfaces in the Urban Landscape

The term impervious surface refers to land cover, both natural and human-made, that cannot be
penetrated by water. Consequently, precipitation that falls on impervious surfaces does not
infiltrate into the soil. Instead, it runs off to a pervious area where all or a portion infiltrates into
the soil, or it continues to travel down-slope on impervious surfaces including saturated soils
until it is eventually conveyed to a ditch, a storm drain network, a stream, a lake, a wetland, an
estuary, or some other type of surface receiving water. For additional discussion on the water
quality impacts of imperviousness, see Section 1.3.5, Changes in the Watershed Due to Increased
Imperviousness.

Most of the impervious cover in an urban watershed or subwatershed can be organized into three
main categories:

— Rooftops. Impervious cover created by buildings, homes, garages, stores, warehouses,
and other structures with roofs.

— Transport systems. Impervious cover created by structures such as roads, sidewalks,
driveways, and parking lots. Most of these structures are associated with transportation of
people or materials, hence the name transport systems.
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— Recreational facilities. Impervious cover created by tennis and basketball courts,
playgrounds, decks, and swimming pools.

In most areas the transport systems component covers a larger percentage of land than the
rooftops component. A study in the city of Olympia, Washington, for example, revealed that
transport system imperviousness constituted 63 to 70 percent of the total impervious cover at 11
sites of varying land use, including residential, multifamily, and commercial areas (City of
Olympia, 1995).

0.3.3.1 Total and effective impervious surface
The amount of impervious cover in a watershed or subwatershed is reported in two basic ways:

— Total (or mapped) impervious area. Includes all impervious cover in a watershed or
subwatershed—rooftops, transport systems, and recreational facilities. It is usually
expressed as a percentage of the total watershed or subwatershed area. It can be
calculated by direct measurement or by percentage estimation based on land use, road
density, population density, or another indicator.

— Effective impervious area (EIA). The portion of total impervious cover that is directly
connected to the storm drain network (Sutherland, 1995). These surfaces usually include
street surfaces and paved driveways and sidewalks connected to or immediately adjacent
to them, parking lots, and rooftops that are hydraulically connected to the drainage
network (e.g., downspouts running directly to gutters or driveways). EIA also is usually
expressed as a percentage of the total watershed or subwatershed area. It is the preferred
statistic for use when estimating runoff volumes because it is the portion of the
impervious cover that generates direct runoff.

Subtracting EIA from the total impervious area yields the amount of impervious area that is not
directly connected to the storm drain network, or the ineffective impervious area. Residential
rooftops are an example of possible ineffective impervious areas because downspouts can direct
runoff to yards and other pervious landscaping areas, where a portion of the water can infiltrate
the ground. Rooftops in some residential and most commercial areas, however, will likely be
classified as effective impervious areas because their downspouts typically will be tied directly
to the storm drain network. Filtration, infiltration, evaporation, and biological uptake of
pollutants can substantially reduce runoff volume and improve water quality when runoff is
directed over vegetated areas. For further discussion on downspout disconnection, see
Management Measure 4: Site Development and Management Measure 10: Existing
Development.

Both the amount of impervious area and the relationship between total and effective impervious
areas varies according to land use (Caraco et al., 1998). For example, work in the Puget Sound
area revealed that total impervious area in low-density residential sites averaged approximately
10 percent, with an effective impervious area of only 4 percent. In commercial and industrial
areas, however, total impervious area averaged about 90 percent. Almost all of the total
impervious area is also effective impervious area because of the lack of pervious areas to break
up direct connections.
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0.3.3.2 Pervious surfaces
The urban and suburban landscape has a variety of pervious surfaces, including

— Forests and wetlands

— Lawns and other private turf
— Public turf

— Intensively landscaped areas
— Vacant lands

— Runoff treatment areas

Although most of these areas are green, it would be a mistake to think of them as hydrologically
equivalent to an undisturbed meadow, forest, or other natural pervious area, especially in terms
of their ability to allow runoff to infiltrate. Soils in urban landscapes are usually highly disturbed
and compacted, poor in structure, and low in permeability. In addition, they often receive runoff
from adjacent impervious areas, resulting in water inputs many times greater than normal. These
factors and others tend to decrease the ability of pervious urban areas to infiltrate runoff, which
means an increased fraction of water moves off these areas to impervious areas and storm
drainage networks. In extreme cases, the amount of runoff generated is close in volume to that
generated from impervious surfaces. Consequently, some “pervious” areas function as
impervious areas and cause analysts to underestimate peak flow, runoff volumes, and time of
concentration. Refer to Management Measure 9: Pollution Prevention, for more information on
runoff from lawns.

0.3.4 Impervious Cover Model

A simple tool, the Impervious Cover Model, can be used to project the current and future quality
of streams and other water resources at the subwatershed scale based on impervious cover
(Caraco et al., 1998). The objective of this model is to assist local officials and other watershed
practitioners in devising realistic goals and objectives given present and future levels of
development. The impervious cover model is a simple urban stream classification system that
contains three stream categories based on the percentage of impervious cover present in the
subwatershed. It is intended to help managers decide how to adapt and refine management
measures given the intensity of urban development in their watersheds. The impervious cover
model has some limitations. These are (Caraco et al., 1998):

— Reference condition. The model predicts potential, not actual, stream quality, so in some
cases stream reaches might depart from the model’s predictions.

— Scale effect. The model should be applied only to small, first- to third-order streams
because the influence of impervious cover is strongest at these spatial scales.

— Statistical variability. There is a moderate degree of scatter exhibited in individual
impervious cover/stream quality indicator relationships, although the indicators show a
general downward trend as imperviousness increases. The model predicts the average
behavior of multiple indicators over a range of imperviousness, and the impervious cover
thresholds are not sharp breakpoints but transitions.
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— Measuring and projecting impervious cover. Accurately quantifying actual and projected
impervious cover is important for the model. However, there is no standardized method
for measuring total or effective imperviousness.

— Regional adaptability. The model has been tested mostly in the mid-Atlantic and Puget
Sound ecoregions but little research has been conducted to determine the applicability of
the model in western, midwestern, and mountain streams.

— Defining thresholds for nonsupporting streams. More sampling and study are needed to
more firmly establish the threshold for the transition between impacted streams and
nonsupporting streams, projected to occur at 25 percent impervious cover for small urban
streams.

— Influence of management practices in extending thresholds. The changes in hydraulic and
pollutant loadings, and their effects on receiving streams, should be carefully considered
when practices are used to extend the threshold of imperviousness.

— Influence of riparian cover in extending thresholds. Conservation or restoration of a
riparian zone has been shown to extend the impervious cover threshold.

— Pervious area. Urban landscapes contain pervious areas, but many of them are highly
disturbed and do not resemble pervious areas in non-urban landscapes. However,
planners can integrate pervious and impervious areas to greatly reduce effective
impervious area and reduce the impact of imperviousness on stream quality.

0.3.4.1 Subwatersheds as the primary management unit

The impervious cover model relies on the subwatershed as the primary management unit. Table
0.5 displays the influence of impervious cover in the context of a hierarchy of watershed-based
management units. The subwatershed scale is ideal for planning purposes at the local level for
many reasons, including:

— The influence of impervious cover on hydrology, channel stability, water quality, and
biodiversity is most evident at the subwatershed scale because the receiving water body is
typically a headwater stream.

— The smaller scale helps local officials more easily identify impacts of individual
development projects and sources of pollutants.

— Subwatersheds are typically small enough to be within the borders of one or two
jurisdictions. This eases the burden of establishing regulatory authority as well as keeping
the number of stakeholders to a manageable number.

— Assessments and evaluations can be conducted more easily because most subwatersheds
can be mapped on a standard 24-inch by 36-inch sheet with sufficient detail to provide
useful management information. The smaller scale also allows assessments and
evaluations to be completed more rapidly than similar efforts at larger scales. This creates
the opportunity for phasing the development of subwatershed plans (or focusing on areas
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needing priority attention), making the best use of limited resources. Officials and local
citizens can more easily recognize progress as plans are completed and implemented over

a coordinated cycle.

Table 0.5: Idealized characteristics of five watershed management units with respect to size
and the influence of impervious cover (adapted from Caraco et al., 1998).

Watershed Management Unit

Typical Area (square miles)

Influence of Impervious Cover

Catchment 0.05-0.50 Very strong
Subwatershed 1-10 Strong
Watershed 10-100 Moderate
Subbasin 100-1,000 Weak
Basin 1,000-10,000 Very weak

0.3.4.2 Classification levels

The impervious cover model designates three levels of classification based on impervious cover:

— Sensitive subwatersheds, which have less than 10 percent impervious cover. Streams
found in sensitive subwatersheds are at, or close to, predevelopment conditions. Urban
runoff management strategies, therefore, should focus on maintaining these conditions.
New development and redevelopment should be discouraged or designed to have no
impact to prevent any increase of impervious cover in subwatersheds of this type.

— Degrading subwatersheds, which have 11 to 25 percent impervious cover. Degrading
subwatersheds have crossed the 10 percent imperviousness threshold, and have
experienced degradation of key stream attributes or can be expected to experience such
degradation over time. Some of the more sensitive organisms probably have disappeared
or will disappear. Resource objectives consequently should focus more on maintaining or
restoring key conditions than on resource protection as a whole. Structural and
nonstructural practices that deal with, or counteract, increased urban runoff are

recommended.

— Nonsupporting subwatersheds, which have more than 25 percent impervious cover.
Streams in nonsupporting subwatersheds are well beyond the impervious cover
thresholds and may never recover predevelopment conditions no matter how many
management practices are implemented. Resource objectives are primarily aimed at
reducing peak flows and preventing and removing urban pollutants so they will not be
carried downstream. Limited restoration of some attributes such as increased biodiversity
can sometimes be achieved given the right circumstances. Pollution prevention and
retrofitting in existing urban areas are the most frequently used practices.

Table 0.6 describes channel stability, water quality, and biodiversity attributes, as well as general

resource and water quality objectives associated with each category.
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Table 0.6: Characteristics of aquatic integrity in urban watersheds.

Integrity Rating Low Moderate High
Riparian Habitat — Riparian zone greatly Riparian zone partly — Mature riparian zone
Characteristics reduced cleared — Decreased sediment

— Increased sediment Moderate sediment deposition, mostly
deposition deposition, sand bar rocky substrates
— Completely bare/exposed formation — Bank well-vegetated
banks Banks slightly exposed and forested
— Deeply incised and Steep banks and widened | — Floodplain terrace
widened channel cross- channel cross-section channel cross-section
SeCti—()U‘ \/ —
Macroinvertebrate | — Pollution-tolerant species Moderately pollution- — Pollution-intolerant
Community — Tolerant of low dissolved tolerant species species
Characteristics oxygen (DO) levels Tolerant of moderate DO | — Intolerant of low DO
— Reduced feeding and life levels levels
history requirements Some general reduction — Unaltered life history
— Decreased diversity and in life history and and feeding
number of species feeding requirements requirements
— Increased number and
diversity of species
Fish Assemblage — Pollution-tolerant species Moderately pollution- — Pollution-intolerant
Characteristics — Exotic/introduced species tolerant species species
— Reduced feeding and life Intermediate number of | — Unaltered life history
history requirements individuals and species and feeding
— Decreased diversity and Some general reduction requirements
number of species in life history and — Increased number and
feeding requirements diversity of species
Rehabilitation Degraded Improved
Process

0.3.5 Changes in the Watershed Due to Increased Imperviousness

Watershed imperviousness plays an important role in determining the conditions in streams and
other bodies of water. Impervious cover, however, is an inescapable attribute of development and
a permanent part of the urban/suburban landscape. Figure 0.4 illustrates how four important
components in the water cycle are affected by increasing levels of imperviousness (FISRWG,
1998). In natural landscapes, there is usually very little or no surface runoff. Water either
percolates into the ground or is returned to the atmosphere by evaporation and transpiration. As
imperviousness increases:

— Runoff increases because the surface area of rooftops and transportation systems is

increased.

— Soil percolation decreases because pervious areas are reduced.
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Figure 0.4: Impacts of urbanization on the water cycle (Adapted from FIRSWG, 1998).

— Evaporation decreases because there is less time for it to occur when runoff moves
quickly off impervious surfaces.

— Transpiration decreases because vegetation has been removed.

As might be expected, there is a linear relationship between the amount of impervious surfaces in
a given area and the amount of runoff generated. What is unexpected is what this means in terms
of both the volume of water generated and the rate at which it exits the surface. Depending on
the degree of impervious cover, the annual volume of storm water runoff can increase to
anywhere from 2 to 16 times the predevelopment amount (Schueler, 1994). Impervious surface
coverage as low as 10 percent can destabilize a stream channel, raise water temperature, and
reduce water quality and biodiversity (Schueler, 1995). One recent study found that connected
imperviousness levels between 8 and 12 percent represented a threshold region where minor
changes in urbanization could result in major changes in stream condition (Wang et al., 2001).

Figure 0.5 shows a hydrograph comparing stream flow rates before, during, and after a storm
under pre- and postdevelopment conditions (Schueler, 1987). As indicated, streams with
developed watersheds have substantially higher peak flows, and these peak flows occur more
quickly than under predevelopment conditions. This is reflective of typical urban conditions,
where runoff moves quickly over impervious surfaces and drains into a channel.
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Figure 0.5: Changes in stream flow hydrograph as a result of urbanization (Schueler,
1987).

Development and increased impervious cover also lead to erosion and undercutting of
streambanks, widening of channels, and depositing of in-channel sediment. In addition,
decreased base flow occurs in dry weather because a greater portion of runoff flows off the

Floodplain Limit

Summer Low Flow Level

Pre-Development Condition

Floodplain Limit

Summer Low Flow Level

Post-Development Condition

Figure 0.6: Response of stream geometry to urbanization (Schueler, 1987).
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surface, resulting in less infiltration to ground water reserves that normally provide base flow to
streams. Figure 0.6 shows changes to stream geometry in response to urbanization (Schueler,

1987).

EPA (1997) reviewed the literature for case studies that quantitatively examined the relationship
between increased impervious surfaces and stream impacts. Table 0.7 lists these relationships,
and Table 0.8 summarizes the case studies used to derive the relationships.

Table 0.7: Impacts from increases in impervious surfaces (USEPA, 1997).

Resulting Impacts
Increased Habitat Channel Streambed
Imperviousness Leads to: Flooding Loss Erosion Widening Alteration
Increased Volume v v v v v
Increased Peak Flow v v v v v
Increased Peak Duration v v v v v
Increased Stream Temperature v
Decreased Base Flow v
Sediment Loading Changes v v v v v

Table 0.8: Summary of case studies linking urbanization to hydrological impacts on
streams (USEPA, 1997).

Decreased base flow

Case Study Location Documented Impacts Inferred Impacts
East Meadow Brook Nassau County, Increased peak flows Flooding, habitat loss,
NY erosion, channel widening,
streambed alteration
Holmes Run Watershed Fairfax, VA Frequent flooding Flooding, habitat loss,
Severe streambank erosion erosion, channel widening,
Sedimentation streambed alteration
Kelsey Creek Bellvue, WA Degradation of designated Habitat loss, channel
uses widening
Decreased base flow
Loss of fish populations
Patuxent River System Maryland Increased instream sediment | Habitat loss, erosion,
load channel widening
Changes in morphology of
urban channels
Peachtree Creek Atlanta, GA Increased bankfull events Flooding, habitat loss,

erosion, channel widening,
streambed alteration

Pheasant Branch Basin

Middleton, WI

Stream incision
Increase in bankfull events
Sedimentation

Flooding, habitat loss,
erosion, channel widening,
streambed alteration

Pipers Creek

Seattle, WA

Increased peak flows
Loss of fish populations
Aesthetic degradation

Flooding, habitat loss,
erosion, channel widening,
streambed alteration

Several creeks

Dekalb County,
GA

Stream enlargement
Stream incision
Increased sediment transport

Habitat loss, erosion,
channel widening,
streambed alteration

Valley Stream, Pines
Brook, Bellmore Creek,
and Massapequa Creek

Nassau County,
NY

Decreased base flow

Habitat loss
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Recent research has shown that streams in urban watersheds have a fundamentally different
character from that of streams in forested, rural, or even agricultural watersheds. The amount of
impervious cover in the watershed can be used as an indicator to predict how severe these
differences might be. In many regions of the country, as little as 10 percent watershed
impervious cover has been linked to stream degradation, with the degradation becoming more
severe as impervious cover increases (Schueler, 1995).

Some key changes in urban streams that merit special attention are detailed below:

— Bankfull and subbankfull floods increase in magnitude and frequency. The peak
discharge associated with the bankfull flow (the 1.5- to 2-year return storm) increases
sharply in magnitude in urban streams. In addition, channels experience more bankfull
and subbankfull flood events each year and are exposed to critical erosive velocities for
longer intervals (Booth et al., 1996; Hollis, 1975; and MaCrae, 1996).

— Dimensions of the stream channel are no longer in equilibrium with its hydrologic
regime. The hydrologic regime that defined the geometry of the predevelopment stream
channel irreversibly changes, and the stream experiences higher flow rates on a more
frequent basis. The higher-flow events of the urban stream are capable of moving more
sediment than before.

— Channels enlarge. The customary response of an urban stream is to increase its cross-
sectional area to accommodate the higher flows. This is done by streambed downcutting,
channel widening, or a combination of both. Urban stream channels often enlarge their
cross-sectional area by a factor of 2 to 5 depending on the degree of impervious cover in
the upland watershed and the age of development (Arnold et al., 1982; Gregory et al.,
1992; and Macrae, 1996).

— Stream channels are highly modified by human activity. Urban stream channels are
extensively modified in an effort to protect adjacent property from streambank erosion or
flooding. Headwater streams are frequently enclosed within storm drains, while other
streams are channelized, lined, and/or “armored” by heavy stone. Another modification
unique to many urban streams is the installation of sanitary sewers underneath or parallel
to the stream channel.

— Upstream channel erosion contributes greater sediment load to the stream. The
prodigious rate of channel erosion coupled with sediment erosion from active
construction sites increases sediment discharge to urban streams. Researchers have
documented that channel erosion constitutes as much as 75 percent of the total sediment
budget of urban streams (Crawford and Lenat, 1989; Trimble, 1997). Urban streams also
tend to have a higher sediment discharge than non-urban streams, at least during the
initial period of active channel enlargement.

— Dry weather flow in the stream declines. Because impervious cover prevents rainfall
from infiltrating the soil, less flow is available to recharge ground water. Consequently,
during extended periods without rainfall, baseflow levels are often reduced (Simmons
and Reynolds, 1982).
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Wetted perimeter of the stream declines. The wetted perimeter of a stream is the
proportion of the total cross-sectional area of the channel that is covered by flowing water
during dry weather, and it is an important indicator of habitat degradation in urban
streams. Given that urban streams develop a larger channel cross-section at the same time
that their base flow rates decline, it follows that the wetted perimeter will become
smaller. Thus, for many urban streams, this results in a very shallow, low-flow channel
that “wanders” across a very wide streambed, often changing its lateral position in
response to storms.

Instream habitat structure degrades. Urban streams are routinely scored as having poor
instream habitat quality, regardless of the specific metric or method employed. Habitat
degradation is often exemplified by loss of pool and riffle structure, embedding of
streambed sediments, shallow depths of flow, eroding and unstable banks, and frequent
streambed turnover.

Large woody debris (LWD) is reduced. LWD is an important structural component of
many low-order stream systems because it creates complex habitat structure and
generally makes the stream carry more water. In urban streams, the quantity of LWD
found in stream channels declines sharply because of the loss of riparian forest cover,
storm washout, and channel maintenance practices (Booth et al. 1996; May et al., 1997).

Stream crossings and potential fish barriers increase. Many forms of urban development
are linear in nature (e.g., roads, sewers, and pipelines) and cross stream channels. The
number of stream crossings increases in direct proportion to impervious cover (May et
al., 1997), and many crossings can become partial or total barriers to upstream fish
migration, particularly if the streambed erodes below the fixed elevation of a culvert or
pipeline.

Riparian forests become fragmented, narrower, and less diverse. The important role that
riparian forests play in stream ecology is often diminished in urban watersheds as tree
cover is often partially or totally removed along the stream as a consequence of
development (May et al., 1997). Even when stream buffers are preserved, encroachment
often reduces their effective width and native species are supplanted by exotic trees,
vines, and ground covers.

Water quality declines. The water quality of urban streams during storms is consistently
poor. Urban storm water runoff contains moderate to high concentrations of sediment,
carbon, nutrients, trace metals, hydrocarbons, chlorides, and bacteria (Schueler, 1987).
Although considerable debate exists as to whether storm water pollutant concentrations
are actually toxic to aquatic organisms, researchers agree that pollutants deposited in the
streambed exert an undesirable impact on the stream community.

Summer stream temperatures increase. The impervious surfaces, ponds, and poor
riparian cover in urban watersheds can increase mean summer stream temperatures by

2 °F to 10 °F (Galli, 1991). Because temperature plays a central role in the rate and timing
of instream biotic and abiotic reactions, such increases have an adverse impact on
streams. In some regions, summer stream warming can irreversibly shift a cold-water
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stream to a cool-water or even warm-water stream, resulting in deleterious effects on
salmonids and other temperature-sensitive organisms.

— Reduced aquatic diversity. Urban streams are typified by fair to poor fish and

macroinvertebrate diversity, even at relatively low levels of watershed impervious cover
or population density (Couch, 1997; Crawford and Lenat, 1989; May et al., 1997;
Miltner, 2003; Schueler, 1995; Shaver et al., 1994). Declines in sensitive species have
been observed at levels of impervious cover as low as 4 percent. Impervious cover in
highly urbanized areas comprising greater than 25 percent of a watershed may even
preclude the Clean Water Act goal of “fishable” waters (Miltner, 2003). The ability to
restore predevelopment fish assemblages or aquatic diversity is constrained by a host of
factors, including irreversible changes in carbon supply, temperature, hydrology, lack of
instream habitat structure, and barriers that limit natural recolonization.

Figure 0.7 shows the relationship between impervious cover and aquatic insect diversity; Figure
0.8 shows the relationship between imperviousness and fish diversity. Both studies were
conducted in Maryland streams (Schueler and Galli, 1992, as cited in Schueler, 1995).

Metric Values

40
30 . a Good
20 | - .
N |

10

0

| | | |
0 10 20 30 40 50
% Imperviousness

Figure 0.7: Relationship between impervious cover and aquatic insect diversity in
Anacostia River subwatersheds (Schueler and Galli, 1992, as cited in Schueler, 1995).
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Figure 0.8: Fish diversity in four subwatersheds of different impervious cover in the
Maryland Piedmont (Schueler and Galli, 1992, as cited in Schueler, 1995).

0.3.6 Nonpoint Source Pollutants and Their Impacts

Urban areas are a source for many different types of pollutants. Table 0.9 shows typical pollutant
concentrations found in storm water. The following discussion identifies the principal types of
pollutants found in urban runoff and describes their potential adverse effects:

0.3.6.1 Sediment

Excessive erosion, transport, and deposition of sediment in surface waters are significant sources
of pollution in the United States, resulting in major water quality problems. Sediment imbalances
impair waters’ designated uses. Excessive sediment can impair aquatic life by filling interstitial
spaces of spawning gravels, impairing sources of fish food, filling rearing pools, and reducing
beneficial habitat structure in stream channels. In addition, excessive sediment can cause taste
and odor problems in drinking water supplies and block water intake structures.

According to the National Water Quality Inventory: 2000 Report to Congress (required under
section 305(b) of the Clean Water Act), states, tribes, and other jurisdictions surveyed water
quality conditions in 19 percent of the nation's 3.6 million miles of rivers and streams (USEPA,
2002b). Some 39 percent of these surveyed waters were impaired by various pollution sources.
Sediment was the second-leading cause of impairment, accounting for 31 percent of the impaired
waters. Furthermore, sediment, especially its fine fractions, is the primary carrier of other
pollutants such as organic components, metals, ammonium ions, phosphates, and toxic organic
compounds.
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Table 0.9: Typical pollutant concentrations found in urban storm water (adapted from
MDE, 1999, and Terrene Institute, 1994).

Typical Pollutants Found General
in Storm Water Runoff Units Residential® Mixed® Commercial® Urban®
Total suspended solids mg/L 101 67 69 80°
Total phosphorus mg/L 383 263 201 0.30°
Total nitrogen mg/L - - - 2.0°
Total Kjeldahl nitrogen mg/L 1.9 1.3 1.2 —
Nitrate + Nitrite pg/L 736 558 572 -
Total organic carbon mg/L - - — 12.7°
Biological oxygen demand mg/L 10 7.8 9.3 —
Chemical oxygen demand mg/L 73 65 57 -
Fecal coliform bacteria MPN/100 mL — — — 3,600°
E. coli bacteria MPN/100 mL - - - 1,450°
Petroleum hydrocarbons mg/L - - - 3.5°
Oil and grease mg/L - - - 2to 10°
Cadmium pg/L — — - 2°
Copper pg/L 33 27 29 10°
Lead pg/L 144 114 104 18°
Zinc pg/L 135 154 226 140°
Chlorides (winter only) mg/L - - — 230°
Insecticides pg/L - - - 0.1 to 2.0°
Herbicides pg/L - - - 1to5.0°

# Source: USEPA, 1983.

® These concentrations represent mean or median storm concentrations measured at typical sites and may be greater during
individual storms. Also note that mean or median runoff concentrations from storm water “hotspots” are 2 to 10 times higher
than those shown here. Units: mg/L = milligrams/liter, pg/L = micrograms/l, MPN = most probable number.

¢ Source: MDE, 1999.

4 Source: Terrene Institute, 1994.

A recent study of the economic impact of excessive erosion and transport of sediment in surface
water systems estimates the annual cost of damage due to sediment pollution in North America
at approximately $16 billion (Osterkamp et al., 1998). Sediment pollution costs can be measured
in physical damages, chemical damages, and biological damages. Physical damages include
harm to water conveyance, treatment, and storage facilities, and interference with recreational
and navigational use. Chemical damages include deposition and storage of nutrients, metals, and
pesticides associated with eroded sediments. Biological damages include harm to aquatic habitat
from the movement and storage of sediment.

Potential sources of sediment pollution include agricultural erosion, deforestation, overgrazing,
silvicultural erosion, urban runoff, construction activities, and mining activities. Sediments can
also be dislodged and transported directly from the water body's shoreline, bank, or bottom.
Atmospheric sources might also be a factor. In an informal study of atmospheric deposition of
dust, Urbonas and Doerfer (2004) found that each 100 ft* of impervious surface can yield up to

1 to 1.2 pounds of solids in runoff on an average annual basis. Assuming that all of this dust
enters storm water and that 30 percent of impervious surfaces are directly connected to the storm
drain system, the authors estimate that 1 square mile of mixed-use urban development could
yield 40 to 50 tons of total suspended solids in storm water each year.
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The following is a summary of impacts of suspended and deposited sediments on the aquatic
environment (adapted from Schueler, 1997):

Suspended sediments
— Abrasion of and damage to fish gills, increasing risk of infection and disease
— Scouring of periphyton from stream

— Loss of sensitive or threatened fish species when turbidity exceeds 25 nephelometric
turbidity units (NTU)

— Shifts in fish community toward less-diverse, more sediment-tolerant species

— Decline in sunfish, bass, chum, and catfish when average monthly turbidity exceeds 100
NTU

— Reduction in sight distance for trout, with reduction in feeding efficiency

— Reduction in light penetration, resulting in a reduction in plankton and aquatic plant
growth

— Reduction in filtering efficiency of zooplankton in lakes and estuaries
— Adverse impacts on aquatic insects, which are the base of the food chain
— Slight increases in stream temperature in summer
— Particles are a major vector for transport of nutrients and metals
— Turbidity, which increases probability of boating, swimming, and diving accidents
— Increased water treatment costs to meet drinking water standards of 5 NTU
— Increased wear and tear on hydroelectric and water intake equipment
— Reduction of anglers' chances of catching fish
— Diminishing quality of direct and indirect recreational experience of receiving waters
— Decreased submerged aquatic vegetation (SAV) populations
Deposited sediments
— Physical smothering of benthic aquatic insect community
— Reduced survival rates for fish eggs

— Destruction of fish spawning areas and redds
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— Imbedding of stream bottom, which reduces fish and macroinvertebrate habitat value
— Loss of trout habitat when fine sediments are deposited in spawning habitat or riffle-runs
— Potential for elimination of sensitive or threatened darters and dace from fish community

— Increase in sediment oxygen demand, which can deplete dissolved oxygen in lakes or
streams

— Significant contributing factor in the rapid decline of freshwater mussels

— Reduced channel capacity, exacerbating downstream bank erosion and flooding
— Reduced flood transport capacity under bridges and through culverts

— Loss of storage and lower design life for reservoirs, impoundments, and ponds
— Dredging costs to maintain navigable channels and reservoir capacity

— Spoiling of sand beaches

— Changes in the composition of bottom substrate

— Coral reef degradation in tropical and subtropical coastal areas

— Deposits that diminish the scenic and recreational value of waterways

Additional chronic effects may occur where sediments rich in organic matter or clay are present.
These enriched depositional sediments may present a continued risk to aquatic and benthic life,
especially where the sediments are disturbed and resuspended.

Although most concerns are due to excessive sedimentation, some ecological problems can result
from insufficient sediment in a water body caused by hydrological modifications. Too little
sediment can lead to channel scour and destruction of habitat dependent on an optimum level of
sediment. In lakes, reservoirs, and estuaries, insufficient total suspended sediments can lead to
increased light levels, resulting in the growth of nuisance algae.

The term sediment is broadly used to describe a problem associated with suspended solids,
siltation, erosion, weathering, sedimentation, and other factors. Erosion, sediment transport, and
deposition are natural processes caused by stresses placed on the earth's surface. Sediment
movement is the result of water and air moving against the sediment (gravitation stresses) and
natural weathering (molecular and chemical stresses). Because erosion is a natural process and
significant quantities of sediments are being moved as a result of natural denudation, it would be
unrealistic to expect complete control or elimination of sediment loads to receiving waters.
However, it is feasible to control or manage excessive sediment loadings that have resulted from
various land use activities and would be detrimental to the quality of the receiving bodies of
water and to the aquatic and terrestrial habitat.
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0.3.6.2 Nutrients

Nutrient overenrichment is especially prevalent in agricultural areas where manure and fertilizer
inputs to crops significantly contribute to nitrogen and phosphorus levels in streams and other
receiving waters. Urban streams have been shown to have the second-highest nitrate and total
phosphorus levels, second only to agricultural streams (Barth, 1995). There are several nonpoint
sources of nutrients in urban areas, mainly fertilizers in runoff from lawns, pet wastes, failing
septic systems, and atmospheric deposition from industry and automobile emissions. Deposition
of airborne pollutants is beyond the scope of this guidance. More information can be found at
North Carolina State University's Web site,
http://h20sparc.wq.ncsu.edu/wetland/aglife/atmosdep.html.

Excessive nutrient levels in receiving waters can lead to exceedance of drinking water criteria
(10 mg/L for nitrate-nitrogen), although monitoring data suggest that urban sources of nitrate are
not high enough to pose a human health risk. However, moderately high concentrations of
nutrients can result in eutrophication of sensitive receiving waters. These sensitive waters
include oligotrophic or mesotrophic lakes where phosphorus is a limiting nutrient, or coastal or
estuarine areas where nitrogen is limiting. Eutrophication can lead to changes in periphyton,
benthic, and fish communities; extreme eutrophication can cause hypoxia or anoxia, resulting in
fish kills. Surface algal scum, water discoloration, and the release of toxins from sediment can
also occur.

0.3.6.3 Oxygen-demanding substances

Proper levels of dissolved oxygen (DO) are critical to maintaining water quality and aquatic life.
Decomposition of organic matter by microorganisms may deplete DO and result in the
impairment of the water body. Data have shown that urban runoff with high concentrations of
decaying organic matter can severely depress DO levels after storms. The Nationwide Urban
Runoff Program (NURP) study (USEPA, 1983) found that oxygen-demanding substances can be
present in urban runoff at concentrations similar to those in secondary wastewater treatment
discharges.

0.3.6.4 Pathogens

Urban runoff typically contains elevated levels of pathogenic organisms, including bacteria,
viruses, and protozoa. The bacteria standard is one of the most commonly violated water quality
standards in terms of both the number of water bodies and stream miles impaired. Approximately
50 percent of stream miles in Virginia are impaired due to bacteria contamination (Waye, 2002).

The presence of pathogens in runoff may result in water body impairments such as closed
beaches and shellfish beds, and contaminated drinking water sources. Pathogen contamination
related to onsite wastewater treatment systems (OWTSs) has been implicated in a number of
shellfish bed closings. This problem may be especially prevalent in areas with porous or sandy
soils and/or shoreline areas with a high concentration of OWTSs. Epidemiological studies have
shown that pathogens can have significant effects on human health in contaminated marine
swimming areas (Haile et al., 1999). While the most common effects of bathing in contaminated
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water are gastrointestinal illnesses, other conditions affecting the upper respiratory tract, ear, eye,
and skin may also be contracted (USEPA, 2002a).

Indicator organisms have long been used to determine the level of risk for contracting illnesses
from recreational activities in surface waters contaminated by fecal pollution. These organisms
often do not cause illness directly, but have demonstrated characteristics that make them good
indicators of harmful pathogens in water bodies. Until 1986, EPA recommended the use of fecal
coliforms as an indicator for bacteria. However, after conducting epidemiological studies, EPA
published Ambient Water Quality Criteria for Bacteria, which recommends that states use
Escherichia coli (E. coli) for fresh recreational waters and enterococci for fresh and marine
recreational waters because they are better predictors of acute gastrointestinal illness than fecal
coliforms (USEPA, 1986). Some states and tribes have replaced their fecal coliform criteria with
water quality criteria for E. coli or enterococci, but many other states and tribes have not yet
made this transition (USEPA, 2002a).

Two protozoa of major concern as waterborne pathogens are Giardia lamblia and
Cryptosporidium parvum. Cryptosporidium has become an increasingly serious pathogen
problem in urban areas since the 1993 outbreak in Milwaukee, Wisconsin, when pathogens
passed through a water treatment plant and left 400,000 people ill and almost 100 dead.

Three major sources of pathogens in urban areas are human waste, pet waste, and anthropogenic
wildlife. Anthropogenic wildlife includes raccoons, geese, pigeons, seagulls, and rats (Waye,
2002). Human waste can contaminate urban runoff through illicit connections of sanitary sewers
with storm water systems, resulting in high bacterial counts and human health risks. These non-
storm water sources are often a major contributor of pathogens to discharges from storm drain
systems (Pitt et al., 2001).

While some types of waste can be treated before entering water bodies, others, such as feces
from pets, should be disposed of properly. When pet waste is not properly disposed of, it can
wash into nearby water bodies or be carried by runoff into storm drains. Since most urban storm
drains do not connect to treatment facilities, but rather drain directly into lakes and streams,
untreated animal feces can become a significant source of pathogens in surface waters.

As pet waste decays in a water body, it uses up oxygen, sometimes releasing ammonia. Low
oxygen levels and ammonia combined with warm temperatures can be detrimental to fish and
aquatic life. Pet waste also contains nutrients that promote weed and algae growth, which can
cause eutrophication. Perhaps most importantly, pet waste carries bacteria, viruses, and other
parasites that can pose health risks to humans and wildlife. For more information, refer to the
discussion of microbial contamination in Management Measure 2: Watershed Assessment, and
the discussion of pet waste in Management Measure 9: Pollution Prevention.

0.3.6.5 Road salts

According to a study by the Department of the Interior and USGS (1996), road salt has become a
problem for both surface water and ground water quality, especially in the Northeast and
Midwest. Nationally, an estimated $10 million are spent annually by state and local governments
to remedy road salt contamination. The Northeastern Illinois Planning Commission (undated)
estimates that 18 million tons of deicing salt, primarily sodium and calcium chlorides, are used
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each year in the United States. When the dissolved salts in runoff from highways and bridges
enter soils, ground water, and surface waters, salinity levels increase and can become toxic to
plants, fish, and other aquatic organisms. These impacts are especially pronounced in smaller
water bodies adjacent to salted areas. Additionally, salt is corrosive and may cause damage to
roadways, bridges, and vehicles. Deicing is very important for pedestrian and driver safety, and
there are a number of new technologies available for reducing the threat to water quality from
this activity. For a discussion of management practices to minimize the environmental impact of
road salt application, see Management Measure 7: Bridges and Highways.

0.3.6.6 Hydrocarbons

The sources of oil, grease, and other petroleum hydrocarbons in urban areas include spillage and
seepage of fossil fuels, discharge of domestic and industrial wastes, atmospheric deposition, and
runoff. Atmospheric deposition is beyond the scope of this guidance (see North Carolina State
University's Web site, http://h2osparc.wq.ncsu.edu/wetland/aglife/atmosdep.html).

Runoff can be contaminated by leachate from asphalt roads, wearing of tires, deposition from
automobile exhaust, and oiling of roadsides and unpaved roadways with crankcase oil (USEPA,
2000b). Also, many do-it-yourself auto mechanics dump used oil and other automobile-related
fluids directly into storm drains (Klein, 1985). Petroleum hydrocarbons, such as polycyclic
aromatic hydrocarbons (PAHs), can accumulate in aquatic organisms from contaminated water,
sediments, and food, and are known to be toxic to aquatic life at low concentrations (USEPA,
2000b). Hydrocarbons can persist in sediments for long periods and result in adverse impacts on
the diversity and abundance of benthic communities.

Hydrocarbons can be measured as total petroleum hydrocarbons (TPH), as oil and grease, or as
individual groups of hydrocarbons, such as PAHs (see Management Measure 7).

0.3.6.7 Heavy metals

Heavy metals are typically found in urban runoff, with automobiles suspected to be the leading
source (CWP, 1994). For example, Klein (1985) reported in a study of the Chesapeake Bay that
designated urban runoff was the source for 6 percent of the cadmium, 1 percent of the chromium,
Ipercent of the copper, 19 percent of the lead, and 2 percent of the zinc.

Heavy metals are of concern because of toxic effects on aquatic life and the potential for ground
water contamination. Copper, lead, and zinc are the most prevalent NPS pollutants found in
urban runoff. High metal concentrations can bioaccumulate in fish and shellfish, and affect
beneficial uses of a water body.

0.3.6.8 Toxic pollutants

Many different toxic compounds (priority pollutants) have been associated with urban runoff.
The NURP studies (USEPA, 1983) indicated that at least 10 percent of urban runoff samples
contained toxic pollutants. Methylene chloride and bis (2-ethylhexyl) phthalate were the most
commonly reported and detected organic constituents in an ongoing evaluation of stormwater
data from NPDES Phase 1 Municipal Separate Storm Sewer System permit holders. PAHs were
also found in several hundred storm events (Pitt, 2004).
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0.3.6.9 Temperature

Temperature changes result from increased flows, removal of vegetative cover, and increases in
impervious surfaces. Impervious surfaces act as heat collectors, which heat urban runoff as it
passes over them. Data indicate that intensive urbanization can increase stream temperature by as
much as 5 to 10°C during storms (Galli and Dubose, 1990). Elevated temperatures can be caused
when streambeds become wider and shallower due to higher flows, removal of riparian
vegetation along streambanks, and detaining water in runoff management facilities during warm
weather. Elevated temperatures disrupt aquatic organisms that have finely tuned temperature
limits, such as trout, salmon, and the aquatic insects on which they feed, by decreasing the
amount of dissolved oxygen in the water column. Increased water temperatures can also lead to a
shift in the algal community, disrupting the aquatic food chain (Galli, 1991).

0.3.7 Nonpoint Source Pollutant Loading

Nonpoint source pollution has been associated with water quality standard violations and the
impairment of designated uses of surface waters. The National Water Quality Inventory: 2000
Report to Congress (USEPA, 2002b) reported the following:

Siltation, pathogens, oxygen-depleting substances, and nutrients are leading causes of water
quality impairments in the nation's rivers and streams; and agriculture, hydromodification,
habitat alteration, and urban runoff/storm sewers, all of which are nonpoint sources, were the
leading sources of impairment.

The pollutants described previously can have a variety of impacts on coastal resources. Examples
of water bodies that have been adversely affected by nonpoint source pollution are varied. The
Miami River and Biscayne Bay in Florida have experienced loss of habitat, loss of recreational
and commercial fisheries, and decrease in productivity partly as the result of urban runoff
(SFWMD, 1988). Additionally, shellfish beds in Port Susan, Puget Sound, Washington, have
been declared unsafe for the commercial harvest of shellfish in part because of bacterial
contamination from OWTSs (USEPA, 1991). Also, impairment due to toxic pollution from
urban runoff continues to be a problem in the southern part of San Francisco Bay (USEPA,
1992). Finally, nonpoint sources of pollution have been implicated in degradation of water
quality in Westport River, Massachusetts, which discharges to Buzzards Bay. High
concentrations of coliform bacteria have been observed after rainfall, and shellfish bed closures
in the river have been attributed to loadings from surface runoff and OWTSs (USEPA, 1992).

0.3.8 Other Impacts of Urban Runoff

Other impacts not related to a specific pollutant can also occur as a result of urbanization.
Salinity can be affected by urbanization. Freshwater inflows due to increased runoff can affect
estuaries, especially if they occur in pulses, disrupting the natural salinity of an area. Increased
impervious surface area and the presence of storm water conveyance systems commonly result in
elevated peak flows in streams during and after storms. These rapid pulses or influxes of fresh
water into saline receiving waters (i.e., bays, estuaries, and oceans) may be 2 to 10 times greater
than normal (ABAG, 1991) This may lead to a decrease in the number of aquatic organisms
living in the receiving waters (McLusky, 1989).
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The alteration of natural hydrology due to urbanization and accompanying runoff diversion,
channelization, and destruction of natural drainage systems have resulted in riparian and tidal
wetland degradation or destruction. Deltaic wetlands have also been adversely affected by
changes in historic sediment deposition rates and patterns. Hydromodification projects designed
to prevent flooding can reduce sedimentation rates and decrease the marsh aggradation that
would normally offset erosion and apparent changes in sea level within the delta (Cahoon et al.,
1983).

0.3.9 Management Practices

Management practices are specific actions taken to achieve, or aid in the achievement of, a
management measure. A more familiar term might be best management practice (BMP). The
word "best" has been dropped for the purposes of this guidance (as it was in the Coastal
Management Measures Guidance) because the adjective is too subjective. The “best” practice in
one area or situation might be entirely inappropriate in another area or situation.

Four major runoff management themes dominate the management practices presented in this
guidance document:

— Minimize the amount of impervious land coverage and disconnect impervious areas.

— Promote infiltration.

— Prevent polluted runoff by not allowing pollutants and runoff to mix.

— Remove pollutants from runoff before allowing it to flow into natural receiving waters.

The management practices can be grouped into two basic categories:

— Nonstructural practices. Nonstructural practices prevent or reduce urban runoff problems
in receiving waters by reducing potential pollutants or managing runoff at the source.
These practices can take the form of regulatory controls (e.g., codes, ordinances,
regulations, standards, or rules) or voluntary pollution prevention practices. Nonstructural
controls can be further subdivided:

— Land use practices. Land use practices are aimed at reducing impacts on receiving
waters resulting from runoff from new development by controlling or preventing
land use in sensitive areas of the watershed. They can also be used to minimize
total land used for development while accommodating growth.

— Source control practices. Source control practices are aimed at preventing or
reducing potential pollutants at their source before they come into contact with
runoff or aquifers. Some source controls are associated with new development.
Others are implemented after development occurs and include pollution
prevention activities that attempt to modify aspects of human behavior, such as
educating citizens about the proper disposal of used motor oil and application of
lawn fertilizers and pesticides.

— Structural practices. Structural practices are engineered to manage or alter the flow,
velocity, duration, and other characteristics of runoff by physical means (USEPA, 1993).
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In doing so they can control storm water volume and peak discharge rates and, in some
cases, improve water quality. They can also have ancillary benefits such as reducing
downstream erosion, providing flood control, and promoting ground water recharge.
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0.4 Information Resources

The Center for Watershed Protection is a non-profit organization that provides information
concerning watershed restoration, planning, research, and training, storm water management,
better site design, education, and outreach. Among other achievements, the Center has completed
20 plans to protect or restore local watersheds and 30 watershed research projects, responded to
5,000 requests for watershed advice, and trained more than 15,000 individuals through
workshops. The Center for Watershed Protection’s Web site (http://www.cwp.org) provides links
to upcoming workshops, current and ongoing projects, surveys, and publications. Example
publications available electronically include Stormwater BMP Design for Cold Climates, Codes
and Ordinances Worksheet, and Site Planning for Urban Stream Protection. The Center for
Watershed Protection also manages the Stormwater Manager’s Resource Center Web site, which
is designed to provide technical information to storm water managers.

Coordinated through the European Rivers Network, Rivernet is a multilingual service providing
information concerning river ecological projects, river basins, and organizations currently
working on problems associated with rivers. Access to newsletters, water policy and river
management information, educational materials, international news related to rivers, and regional
river basin news are available at the Rivernet homepage (http://www.rivernet.org/welcome.htm).

The Natural Resources Defense Council (NRDC), an organization with more than 500,000
members nationwide, seeks to protect and restore the natural environment. Information relevant
to storm water management and pollution can be accessed at their Web site
(http://www.nrdc.org/water/pollution). An example is Stormwater Strategies, which is a
publication intended for municipal officials, local decision-makers, citizens, and environmental
activists that provides examples of effective storm water management programs employed across
the U.S. Stormwater Strategies can be downloaded at
http://www.nrdc.org/water/pollution/storm/stoinx.asp.

The U.S. Geological Survey’s Web site offers water quality and use data; publications, products,
and technical resources; and links to water resource-related programs. Individual USGS case
studies and reports of grants related to urban runoff programs are available through this site,
which is located at http://water.usgs.gov.

Part of EPA’s Office of Wetlands, Oceans, and Watersheds, the Nonpoint Source Control Branch
provides information on many aspects of nonpoint source pollution. Resources include
introductory information about nonpoint source pollution, nonpoint source publications and
information resources, funding, information on the Clean Water Act and Coastal Zone Act
Reauthorization Amendments, and educational information. More information and access to a
full list of available resources can be found at http://www.epa.gov/OWOW/NPS/index.html.

EPA’s Office of Wastewater Management (OWM), in cooperation with state and local agencies,
administers the NPDES permit program, which includes regulating storm water discharges from
municipal separate storm sewer systems. The OWM Web site provides technical and regulatory
information on the NPDES Storm Water program as well as publications dealing with urban
runoff. The OWM Web site can be accessed at http://www.epa.gov/npdes and information
specific to the Storm Water program can be accessed at http://www.epa.gov/npdes/stormwater.
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The Water Environment Federation (WEF) is a nonprofit technical and educational organization
dedicated to the preservation and enhancement of the global water environment. The Water
Environment Federation Web site contains a search engine for periodicals, newsletters, technical
magazines, and other publications related to wastewater treatment and water quality protection.
Members of the organization provide technical expertise and training on issues, including
nonpoint source pollution, hazardous waste, residuals management, and groundwater; sponsor
conferences and other special events around the world; and review, testify, and comment on
environmental regulations and legislation. More information on WEF is available at
http://www.wef.org.

The Sierra Club and American Rivers sponsored the publication of Where Rivers Are Born: The
Scientific Imperative for Defending Small Streams and Wetlands, which provides an argument
for protecting small, intermittent or “headwater” streams and wetlands based on the numerous
environmental functions of these systems and their close connectivity with activities on land. The
authors detail such functions as flood control, maintenance of water supplies, sediment trapping,
and maintenance of biological diversity. The document can be downloaded in PDF format at
http://iowa.sierraclub.org/Steve-Sierra%20web%20docs0526/WhereRiversAreBorn.pdf.
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Management Measure 1: Program Framework and Objectives

MANAGEMENT MEASURE 1
PROGRAM FRAMEWORK AND OBJECTIVES

1.1 Management Measure

Develop, implement, and enhance a runoff management program framework that

— Has adequate legal authority to implement the program effectively;
— Has an effective institutional structure;
— Has adequate funding and staffing;

— Incorporates comprehensive watershed planning, including watershed/subwatershed
goals and objectives; and

— Fosters input from citizens, stakeholders, and technical experts, and coordinates with
other agencies.

1.2 Management Measure Description and Selection

1.2.1 Description

The goal of this management measure is to ensure that urban runoff management programs are
developed and implemented with a solid institutional foundation. Federal, state, regional, and
local governments all play important roles in establishing and maintaining programs.
Consequently, a team approach must be taken to avoid overlap of key responsibilities and
authorities, and to ensure that the appropriate levels of government function cooperatively.

1.2.1.1 Role of federal government

Because nonpoint source runoff management programs are within the purview of state and local
governments, the federal government’s primary role in nonpoint source runoff management
programs is to develop broad urban runoff control guidance with participation of state, regional,
and local governments, and to provide technical and financial assistance to support the
implementation of effective programs and practices.

1.2.1.2 Role of state government

State programs play an especially important role in establishing the team approach to runoff
management. State officials interpret and coordinate federal mandates for implementation at the
local level, establish state performance standards, and design criteria for runoff control. States
also typically take the lead in conducting research, providing technical assistance, developing
public education programs, running training and certification programs for practitioners of runoff
management, and implementing monitoring programs to help evaluate the effectiveness of
management practices (WMI, 1997a).

Many states allow runoff management programs to be delegated to local jurisdictions while the
states retain important oversight and enforcement responsibilities to ensure statewide
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consistency. States should maintain the authority to intervene if necessary. The following is a list
of regulatory elements that might be included in a state’s runoff legislation, or in rules and
regulations to help guide local program implementation (WMI, 1997b):

— Criteria for local program implementation or delegation

— Types of activities that require runoff control

— Waivers, exemptions, and variances

— Plan approval and inspection fees, including construction or maintenance performance
bonds

— Authority for a local storm water utility

— Specific design criteria

— Permit application and approval process

— Operation permit requirements and time frames

— Development and implementation of mandated educational programs related to site
inspection of active and completed storm water management systems

— Requirements for any other educational programs
— Inspection requirements, including certification of inspectors
— Maintenance requirements for postconstruction runoff control facilities

— Penalty provisions in the event of noncompliance with requirements for the design,
construction, or operation of storm water management systems

1.2.1.3 Role of regional authorities

Regional authorities often share some of the duties of state agencies but customize their services
to fit the needs and attributes of the region. They provide a link between local communities and
the state, and often work with state officials to establish region-based performance standards and
design criteria for runoff controls. They also serve as a focal point for coordinating issues and
interests among communities in the region, especially in terms of implementing the watershed
approach, developing watershed plans, ensuring consistency of storm water runoff master
planning, and resolving situations that affect downstream communities.

1.2.1.4 Role of local government

Counties and municipalities integrate local runoff management planning with land use and
regional watershed management plans, floodplain management, wastewater planning, and other
programs that affect the management of urban runoff. They are involved with the day-to-day
administrative, operational, and technical aspects of runoff management and are responsible for
performing inspections, enforcing compliance, performing operation and maintenance,
identifying and removing illicit connections, and coordinating program funding.
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Wisconsin DNR Revisits their Approach to Watershed Programs

The Wisconsin Department of Natural Resources (WDNR) recognized a need for a more holistic
approach to watershed programs (Nemke, 1997). They recognized the following problems associated
with planning, coordination, cooperation, funding, and implementation of watershed initiatives:

— Although money is available for implementing watershed initiatives, no formal mechanisms
exist to raise and allocate money needed to carry plans forward.

— There is no single agency or organization that has regulatory authority over all of the
resources that are involved in watershed initiatives, which sometimes results in conflicting
priorities.

— Groups that plan and implement watershed initiatives typically are made up of a diverse group
of stakeholders with different leadership abilities, motivations and priorities, and technical
backgrounds. This diversity makes it difficult to keep the group moving in a consistent
direction and becomes problematic when a consensus is needed to allocate funding for
implementation.

— Rules and guidance documents often dictate inflexible solutions for dischargers and
discourage more creative, innovative, or cost-effective solutions that could be equally or more
beneficial to the watershed initiative.

WDNR presented the following recommendations for watershed districts to help overcome logistical
problems associated with watershed programs:

— Staff should stay current on watershed issues and initiatives by attending conferences and
keeping abreast of relevant journal articles and reports to get a better idea of what practices
and policies work best.

— Staff should take a leadership role on technical issues relating to evaluation of watershed
problems and solutions.

— The district should avoid taking an expanded role in solving watershed problems unless this
role is clearly defined in their statutory authority and other government bodies agree that this
role is appropriate and prudent.

— The district should only commit funds to initiatives that are clearly tied to potential benefits for
the district’s users.

— The district should encourage and participate in evaluations of legislative initiatives that will
provide adequate authority to implement watershed-based solutions.

— The district should critically evaluate proposed solutions to watershed problems to ensure
they will adequately and sensibly address these problems.

All runoff management programs share common needs, including the legal authority to create,
adopt, and enforce ordinances; an institutional structure designed to carry out the goals and
objectives of the program; and adequate funding for staff and program activities. Planning serves
as the foundation for runoff programs; it establishes management measures and determines how
and where management practices will be applied. The program framework should also include
the input of citizens and other stakeholders, technical experts, and other agencies in the program
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planning and implementation. Communities will need to balance stakeholder concerns for the
environment and the economy. Community groups must work together as they develop their own
sustainable development concepts to contribute to the betterment of the environment and the
residents of the watershed. Finally, ongoing program evaluation and feedback are critical (see
Management Measure 12: Evaluate Program Effectiveness).

1.2.2 Management Measure Selection

This management measure was selected because successful runoff management programs require
an established program framework and objectives. The measure is intended to provide general
guidance on the common aspects of a program framework that should be considered and
addressed when developing a runoff management program. Examples are provided to illustrate
how the practices can be used to implement the management measure.

1.3 Management Practices

1.3.1 Establish Legal Authority

A successful urban runoff program must have the legal authority to accomplish its goals and
objectives. State-level programs derive their legal authority from various laws, codes, and
regulations enacted by the state legislature. Only a few states have passed comprehensive
statewide runoff management legislation. States whose laws often serve as models include
Delaware, Florida, Maryland, New Jersey, and Washington.

The language in state runoff legislation is usually general and might include the runoff program’s
goals, procedures, and general requirements for maintenance. Details concerning design,
construction, operation, and maintenance of runoff management practices are established by the
program’s implementing regulations and guidance materials (runoff management manual).

If authorized by state law, the state can delegate program implementation authority to local
entities. Delegation is usually beneficial to local governments because they have a direct interest
in seeing that practices are installed, operated, and maintained correctly. Delegation also
provides them the flexibility to implement the program based on the needs of the community. To
aid local communities in this endeavor and to ensure statewide consistency in runoff
management, state program officials typically develop a state manual that presents design criteria
and guidance for implementing specific management practices. State and local regulation writers
typically adopt the state manual by reference into their regulations wherever appropriate to
ensure that the information contained in the document is used and applied correctly.

EPA’s Office of Wetlands, Oceans, and Watersheds has developed a Web site that has examples
of model ordinances that address issues such as aquatic buffers, erosion and sediment control,
open space development, storm water control operation and maintenance, illicit discharges, and
postconstruction controls (USEPA, 1999b). The Web site,
http://www.epa.gov/owow/nps/ordinance, also has materials that support particular ordinances,
such as maintenance agreements and inspection checklists. Additionally, the Center for
Watershed Protection’s Stormwater Manager’s Resource Center Web site has a collection of
model ordinances, which can be accessed at http://www.stormwatercenter.net/.
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The primary focus of the management practices discussed below is on how local governments
can increase their ability to manage runoff by developing new ordinances or regulations, or
modifying existing ones. It should be noted that many of these practices could also be adopted at
the state level to ensure statewide consistency of runoff management practices.

1.3.1.1 Examine existing laws and regulations

The first step in crafting ordinances to improve runoff management controls at the local level is
to examine all the existing mandates, authorities, laws, regulations, codes, ordinances, review
processes, and so forth that pertain to environmental review in the community. By comparing
current rules and practices with the rules needed to achieve the goals and objectives of the runoff
management program, a community can identify gaps and weaknesses that need to be addressed.

Frederick County, Maryland, Site Planning Roundtable

The Frederick County Department of Planning and Zoning and the Center for Watershed Protection
facilitated a local site planning roundtable in Frederick County, Maryland. The roundtable worked to
review the county’s current subdivision and zoning codes, define the local hurdles that impede the
implementation of more innovative site planning techniques, and hammer out changes to local codes
and ordinances that would foster more environmentally friendly development. By January 2000 the
diverse group of planners, developers, watershed planners, and other community professionals arrived
at a consensus on the modifications necessary to achieve widespread implementation for more
environmentally sensitive site designs. The changes the group recommended are designed to guide
future site development in the county toward the goals of reducing impervious cover, conserving natural
areas, and minimizing storm water pollution.

The resulting document, Frederick County Roundtable Recommendations: A Consensus Agreement,
was presented to the Frederick County Commissioners in February 2000. While certainly fostering
better site design in Frederick County, the successful Frederick County roundtable also is an important
example for other communities interested in implementing similar projects. In addition, this project
complements other ongoing regional, state, and local growth management efforts occurring throughout
Maryland.

For more information on the Frederick County Site Planning Roundtable’s recommendations, contact
the Center for Watershed Protection, 8391 Main Street, Ellicott City, Maryland 21043; phone 410-461-
8323; fax 410-461-8324; e-mail: mailto:center@cwp.org.
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Revision of Development Rules for the City of High Point, North Carolina

The state of North Carolina plans to build a reservoir, called Randleman Lake, to meet the growing
need for water in North Carolina’s Piedmont Triad region (Brewer et al., 2000). Recognizing that the
watershed has one of the highest rates of urbanization in the region, the state has developed a set of
rules, called the Randleman Lake Water Supply Watershed Protection Rules, to establish
requirements for wastewater dischargers, protect and maintain riparian areas, and provide for urban
runoff management in areas draining to Randleman Lake. The City of High Point was charged with
developing a watershed protection ordinance to comply with the Randleman Lake Rules, which
require strict development limitations for areas within the watershed (Table 1.1).

Table 1.1: Summary of the Randleman Lake water supply watershed protection rules.

Development Option 1.1.1.1.1 Description

Critical area — 6% impervious surface limit or 1 dwelling unit per 2 acres.

low density — 50-foot stream buffers around perennial and intermittent streams.
Critical area — 30 percent impervious surface limit.

high density — 100-ft and 50-ft buffers for perennial and intermittent streams,

respectively.
— Structural controls required for developments with 6 to 30%

imperviousness.
General watershed — 12% impervious surface limit or 1 dwelling unit per acre.
area—low density — 50-foot stream buffers around perennial and intermittent streams.
General watershed — 50% impervious surface limit.
area—high density — 100-ft and 50-ft buffers for perennial and intermittent streams,

respectively.
— Structural controls required for developments with 12 to 50%
imperviousness.

The city undertook a two-part study to facilitate development of an ordinance that protects water
quality while providing flexibility to accommodate projected growth. The first part of the study involved
a committee of stakeholders charged with identifying and evaluating different strategies for watershed
protection. The city used an iterative approach to involve the stakeholder groups with an important
“feedback loop” and key checkpoints throughout the process to gauge and document each
stakeholder group’s buy-in and formal approval. The second part of the study involved a comparative
analysis of impacts of different protection strategies for the watershed. The comparative analysis
focused on phosphorus as an indicator of water quality impacts on Randleman Lake. The analysis
involved establishing a baseline of phosphorus loading that is not to be exceeded by alternative
strategies for new development. It also involved identifying and estimating additional loadings from
areas that are expected to be developed more intensely and are expected to exceed the baseline
phosphorus loading. Strategies for offsetting these loadings elsewhere in the watershed or mitigating
them with more protective on-site management practices were then developed and evaluated.

The plan (see Figure 1.1) and ordinance adopted as a result of this study were based on a
phosphorus banking principle and included the following elements:

— Maintenance of a 6.4-square-mile critical area, which is larger and more restrictive than that
required in the Randleman Lake Rules and yields a phosphorus loading reduction/offset of
approximately 800 Ib/yr.

— Use of 440 Ib/yr, or approximately 55 percent of the phosphorus offset, to allow increased
imperviousness for planned higher-density nonresidential development.

— Use of the remaining offset as a phosphorus reduction reserve.

— Reuvision of ordinance(s) and engineering specifications to encourage low-impact design and
alternatives to traditional storm water ponds.
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Figure 1.1: Adopted watershed protection plan for the City of High Point, North
Carolina.

The city has adopted a watershed protection ordinance for the Deep River 1 watershed that
incorporates the strategies listed above and has modified its engineering specifications to allow
bioretention facilities and to provide guidance for their design. In the coming year, the city will work to:

— Review local monitoring data and recommend additional monitoring protocols that can track
the effectiveness of best management practices used, including new low-impact development
design techniques. Possible funding sources for monitoring will be identified.

— Review and revise the city’s development ordinance and engineering specifications to further
allow and encourage low-impact design techniques.

— Plan and host a spring 2000 low-impact development design workshop for city staff, local
contractors, and engineers.
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1.3.1.2 Develop or improve ordinances for water quality enhancement

(1) Aquatic buffer ordinance. Aquatic buffers serve as natural boundaries between local
waterways and existing development. They help protect water quality by filtering pollutants,
sediment, and nutrients from runoff. Some other benefits of buffers are flood control,
streambank stabilization, controlling stream temperature, and providing room for lateral
movement of the stream channel. Good aquatic buffer ordinances specity the size and
management of the stream buffer and are a specific planning tool to protect stream quality
and aquatic habitat.

Effective buffer ordinances provide guidelines for buffer creation and maintenance and
should require:

— Buffer boundaries that are clearly marked on local planning maps;

— Maintenance language that restricts vegetation and soil disturbance;

— Tables that illustrate buffer width adjustment by percent slope and type of stream; and
— Direction on allowable uses and public education.

(2) Erosion and sediment control ordinance. A basic goal of erosion and sediment control
programs should be to minimize off-site impacts by first preventing erosion and then
maximizing control of sedimentation on-site (WMI, 1997a). A key tool for accomplishing
this goal is an effective erosion and sediment control (ESC) ordinance.

An ESC ordinance typically requires developers to submit an ESC plan to a state or local
regulatory agency for approval prior to initiating construction activities. This plan contains
specific practices to prevent erosion and control sediment, as well as information concerning
phasing of clearing and grading activities. Once the plan is approved by the regulatory
agency, the developer and contractor are responsible for following the plan and
implementing the management practices. If follow-up inspection reveals a lack of

Residents’ Willingness to Pay for Riparian Buffers

In St. Charles County, Missouri, rapid growth has resulted in serious threats to the environment such
as flooding, water pollution, and habitat loss for aquatic organisms and wildlife. To combat these
problems, the St. Charles “Natural Watercourse Protection Ordinance” was passed, and requires 50-
foot riparian buffer along major streams and a 25-foot buffer along tributaries when adjacent land is
being developed for residential or other non-agricultural uses. In anticipation of potential increases in
development costs and home prices resulting from the ordinance, a study was conducted in the
Dardenne Creek watershed to evaluate the residents’ willingness to pay for adopting buffers in newly
developed residential communities. Survey respondents identified wildlife, environmental benefits, and
natural appearance and sounds as the primary values of Dardenne Creek. Respondents were
concerned about the damaging impacts of flooding, erosion, and safety of children on property values.
43.7 percent of the respondents were willing to pay a median value of $1000 for community-owned
and open accessible buffers. The study indicates that residents generally recognize the potential
environmental benefits of the buffer ordinance, but outreach efforts should focus on informing
homeowners that the ordinance may result in increased construction costs and higher home prices.
The study’s author concludes that the residents’ willingness to pay indicates that the real estate
market can absorb the possible increases in the construction costs due to implementing the ordinance
(Qiu, 2003).
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compliance, the inspector may issue a permit violation, stop-work order, or fine, or take other
steps to compel action.

Whether program authority is implemented at the state level or delegated to a local

government, the ordinance should include goals, performance standards, and design criteria
for both erosion prevention and sedimentation control. At a minimum, the ordinance should
define the following erosion prevention design criteria:

— The threshold for disturbed areas at which regulatory action/compliance is required;

and

— The maximum time frame for permanent site stabilization after final grading or

temporary stabilization if construction ceases and the site is left dormant.

(3) Open space ordinance. Open space development, also known as “cluster development,” is a
planning technique that concentrates dwelling units in a compact area and leaves the balance
of the site as natural, open space. Lot sizes, setbacks, and frontage distances are minimized,
thereby reducing the amount of impervious cover on-site. Open space development reduces
the need for clearing and grading by 35 to 60 percent, and increases opportunities for using
the reserved land for a variety of purposes such as conservation, recreation, habitat preserves,
and storm water management. Table 1.2 shows a summary of studies that contrasted
conventional and open space designs in terms of impervious cover and storm water runoff
(CWP, 1998a). Specific recommendations on how to limit imperviousness and maximize
pervious areas can be found in Management Measure 4: Site Development.

Table 1.2: Redesign analyses comparing impervious cover and storm water runoff from

conventional and o

pen space subdivisions (CWP, adapted 1998a).

Conventional Impervious Cover at the Site Percent
Residential Zoning for Conventional Open Space Net Reduction in
Subdivisions Subdivision Design Design Change Runoff
Remlik Hall 5-acre lots 5.4% 3.7% -31% 20%
Duck Crossing 3- to 5-acre lots 8.3% 5.4% -35% 23%
Tharpe Knoll 1-acre lots 13% 7% -46% 44%
Chapel Run Y2-acre lots 29% 17% -41% 31%
Pleasant Hill Ys-acre lots 26% 11% -58% 54%
Prairie Crossing 15- to Vs-acre lots 20% 18% -10% 66%
Rapahannock Ys-acre lots 27% 20% -24% 25%
Buckingham Greene /s-acre lots 23% 21% -1% 8%
Belle-Hall High density 35% 20% -43% 31%

For open space development to be successful, the ordinance needs to be crafted to foster
development that is both marketable and environmentally sensitive. The ordinance also needs
to effectively address issues such as maintenance, liability, and access by emergency
vehicles. In addition, the community needs to be prepared to manage the space or to dedicate
open space to a responsible organization.
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Aquatic Buffers

Language from Baltimore County, MD
Coastal Zone Program, RI (an example of a
buffer ordinance in a coastal region)
Ordinance on Riparian Habitat Areas, Napa,
CA

Portland Metro Floodplain Preservation
Ordinance

Model Land Trust Agreement from the Natural
Lands Trust

Erosion and Sediment Control

Erosion and Sediment Control Ordinance
from Minneapolis, MN

Clearing and Grading Ordinance from
Olympia, WA

Erosion and Sediment Control Inspection
Checklist from the Lower Platte South Natural
Resources District, NE

Small Site Design Guideline from the Indiana
Department of Natural Resources
Preconstruction Meeting Notice from
Montgomery County, MD

Open Space Development

Open Space Development Ordinance from
Calvert County, MD

Land Preservation District Model Zoning from
Montgomery County, PA

Open Space Ordinance from Hamburg
Township, Ml

Storm Water Operation and Maintenance

Ordinance Language from Grand Traverse
County, MI

Example Maintenance Agreement from
Albemarle County, VA

Easement and Right-of-Way Agreement from
Montgomery County, MD

Inspection Checklist from Anne Arundel
County, MD

Performance Bond from Colorado

lllicit Discharges

Fort Worth, TX, Environmental Code: Storm
Water Protection

Washentaw County, MI, Regulation for
Inspection of Residential Onsite Disposal
Systems at Property Transfer

Metro. St. Louis Sewer District Sewer Use
City of Monterey, CA, Storm Water Ordinance
Montgomery County, MD, lllicit Discharge
Ordinance

The Center for Watershed Protection and EPA Present Model Ordinances on the Web

Communities can strengthen the language of their regulations and ordinances to better protect
environmental resources by referring to examples of exemplary ordinances from across the country.
The following is a list of ordinances available for download from
http://www.epa.gov/owow/nps/ordinance.

Postconstruction Controls

Maryland Department of the Environment
Proposed Storm Water Management
Regulations

Grand Traverse County, MI, Soil Erosion and
Storm Water Runoff Control Ordinance

City of Seattle Storm Water, Grading, and
Drainage Control Code

St. Johns River Water Management District,
FL: Environmental Resource Permits

City of Santa Monica, CA, Municipal Code of
Ordinances: Urban Runoff Pollution

Source Water Protection: Ground Water
Ordinances

Aquifer Protection District Ordinance from
Stratham, NH

Ground Water Protection and Siting
Ordinance from Hernando County, FL
Ground Water Source Protection Overlay
District Ordinance from Salt Lake City, UT
Sinkhole Ordinance from Lexington, KY
Wellhead Protection District Ordinance from
Weston, WI

Source Water Protection: Surface Water
Ordinances

Tahoe Regional Planning Agency Source
Water Protection Ordinance

Shoreland Management Overlay District
Ordinance from Buffalo, MN

Water Supply Watershed District Overlay
Ordinance from Greensboro, NC

Watershed Management and Protection Area
Overlay District Ordinance from County of
York, VA

Town of Skaneateles Lake Watershed District
Ordinance, NY

Miscellaneous Ordinances

Lake Travis Nonpoint Source Ordinance
Storm Water Utility Ordinance from Takoma
Park, MD

Transfer of Development Rights Ordinance
from Sarasota, FL

Golf Course Management Guidelines from
Baltimore County, MD

Wetlands and Watercourses Ordinance from
Croton-on-Hudson, NY

Forest Conservation Ordinance from
Frederick County, MD
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(4) Storm water operation and maintenance ordinance. The expense of maintaining most storm
water management practices is relatively small compared to the original construction cost.
Too frequently, however, maintenance is not completed, particularly when the practice is
privately owned. Improper maintenance decreases the efficiency of management practices
and can also detract from the aesthetics of the practices. The operation and maintenance
language within a storm water ordinance can ensure that designs facilitate easy maintenance
and that regular maintenance activities are completed.

(5) Illicit discharge ordinance. An illicit discharge is defined as any discharge to the municipal
separate storm sewer system that is not composed entirely of storm water, except for
discharges allowed under an National Pollutant Discharge Elimination System permit or
waters used for firefighting operations. These non-storm water discharges occur because of
illegal connections to the storm drain system from residential, business, or commercial
establishments. As a result of these illicit connections, contaminated wastewater enters storm
drains or directly enters local waters before it receives treatment at a wastewater treatment
plant. Illicit connections might be intentional or can be unknown to the business owner; often
they are the result of connection of floor drains to the storm sewer system. Additional sources
of illicit discharges include improperly connected sanitary sewer lines, failing septic systems,
illegal dumping practices, and the improper disposal of sewage from recreational activities
like boating and camping.

[llicit discharge detection and elimination programs are designed to prevent contamination of
ground and surface waters by monitoring, inspection, and removal of these illegal non-storm
water discharges. An essential element of these programs is an ordinance granting the
authority to inspect properties suspected of releasing contaminated discharges into storm
drain systems. Another important factor is the establishment of enforcement actions for those
properties that are found to be in noncompliance or refuse to allow access to their facilities.

(6) Postconstruction runoff control. The management of runoff from sites after the construction
phase is vital to controlling the adverse effects of development on urban water quality. The
increase in impervious surfaces such as rooftops, roads, parking lots, and sidewalks due to
land development can have a detrimental effect on aquatic systems. High amounts of
impervious cover have been associated with stream warming, habitat alteration, and
decreased aquatic integrity in urban areas (Karr, 1991; May et al., 1997; Schueler, 1995;
Shaver et al., 1994). Runoff from impervious areas can also contain a variety of pollutants
that are detrimental to water quality, such as sediment, nutrients, road deicers, heavy metals,
pathogenic bacteria, and petroleum hydrocarbons.

The main goal of a runoff management ordinance for existing development is to limit surface
runoff volumes and reduce runoff pollutant loadings. For example, the ordinance could
specify which nonstructural and structural storm water practices are allowed in the
community. Communities might also wish to add language pertaining to on-site runoff
requirements, and should identify whether off-site treatment is an option. Example
ordinances can be found on EPA’s Model Ordinances to Protect Local Resources Web site at
http://www.epa.gov/owow/nps/ordinance/index.htm.
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(7

(8)

(a)

(b)

Source water protection ordinances. Source water protection involves preventing the
pollution of the ground water, lakes, rivers, and streams that serve as sources of drinking
water for local communities. Source water protection ordinances help safeguard community
health and reduce the risk of water supply contamination. When drafting an ordinance aimed
at protecting these sources, drinking water supplies can be divided into two general sources:
ground water (aquifers and wells) and surface water (lakes and reservoirs). Wellhead
Protection Zones and Aquifer Protection Areas are two examples of source water protection
ordinances that seek to protect ground water sources. Water Supply Watershed Districts and
Lake Watershed Overlay Districts are examples of local management tools that provide
protection of surface water supplies by restricting land uses around a reservoir used for
drinking water.

Runoff management ordinances/regulations. The primary purpose of runoff regulations is to
ensure that runoff management systems (within the area of jurisdiction) are properly
designed, constructed, inspected, operated, and maintained. A comprehensive ordinance
should incorporate the issues addressed below (WMI, 1997b).

Design and review requirements. Runoff management systems must be properly designed
and constructed to function efficiently. A design manual tailored to local topographic,
geologic, and climatic conditions and local regulations should be developed to accompany a
runoff management ordinance. National and regional guidance is available to assist local
governments in developing technical guidance. For example, the National Association of
Homebuilders (NAHB, 1995) has produced a guidance manual entitled Storm Water Runoff
and Nonpoint Source Pollution Control Guide for Builders and Developers that can be used
to develop a technical design manual. The design manual is typically referenced in the
ordinance to direct users to technical support for their runoff management projects.

Construction requirements. Runoff management facilities can fail prematurely if they are
poorly constructed or if sediments and other pollutants are not carefully managed during the
construction phase. Techniques for protecting structural practices from construction-related
pollution are usually addressed in the state runoff management manual and incorporated by
reference into the ordinance. Specific practices to mitigate construction site erosion and
control sediment are discussed in Chapter 5 under the construction site erosion and sediment
control management measure (8).

To ensure that a facility is constructed properly, a runoff management ordinance should
include the following:

— Financial assurances. A guarantee, usually in the form of a surety or cash bond,
should be made that the completed runoff management facility functions properly.
The amount typically should not be less than 50 percent of the estimated construction
cost of the system (WMI, 1997b).

— Inspections. Inspectors should maintain a presence throughout the construction phase
and conduct inspections at specified stages of construction, not at assigned time
intervals (WMI, 1997b).
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— As-built certifications and record drawings. Completed facilities should have official
documentation prepared and sealed by a professional engineer or other qualified
design professional (WMI, 1997b).

— Allowances for damage to temporary practices. Funds should be set aside specifically
to repair damage to erosion and sediment controls (e.g., silt fences) at temporary
construction sites caused by severe storm flows, high winds, or fallen trees. Funds
may be used only if documented inspections show erosion and sediment controls are
installed and maintained as required. This allowance helps to ensure 100 percent
compliance by contractors (Deering, 1999).

(c) Operation and maintenance requirements. Ensuring that runoff management facilities are
properly operated and maintained, both in the short term and the long term, is another critical
element that should be addressed in the design phase. For the short term, the ordinance
should stipulate a warranty period (perhaps one or two years) during which the original
developer must retain all operation and maintenance responsibilities. The developer should
be required to post a bond or other security to ensure that costs will be covered if any design
defects or construction failures are discovered during the warranty period.

Several techniques can be used to ensure longevity of management practices, including
warranties, operating permits, and maintenance bonds. Specific requirements for operation
and maintenance to be set forth in an ordinance might include the following:

— An easement that provides an access road for maintenance equipment

— Ownership of the system and maintenance access road by those who use the system
— Inspection by a certified site inspector at defined intervals

— Land set aside for disposal of sediments removed during maintenance

— Clear documentation of maintenance responsibilities and maintenance schedule

— A written maintenance agreement

When the initial warranty period is over, long-term operation and maintenance
responsibilities typically revert to a property owners’ association. Unfortunately, in many
instances these types of groups do not perform important operation and maintenance tasks
because they lack the financial, legal, and/or administrative capability. Very often, this
neglect results in failed systems and problems for downstream property owners. The
ordinance needs to incorporate specific elements to ensure that a system is in place for
collecting fees, contracting for services, and establishing rules and regulations before a
property owners’ association is granted authority for long-term maintenance. In some cases,
it is more prudent for an alternative entity such as local government, special taxing district, or
public utility to be responsible for long-term operation and maintenance functions.

(d) Maintenance inspection requirements. Periodic inspections and certifications are necessary to
ensure that the legal operation and maintenance entity is keeping the storm water system in
good working order and making all necessary repairs. An ordinance needs to include
language that identifies the inspectors and specifies how often the inspections are to be
conducted. Depending on the framework, inspections could be done by the permitting
authority or some other public agency. Alternatively, private inspectors might be used. In
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either case, inspectors should be required to complete a state-sponsored course and receive
certification.

The frequency of inspection depends on the type of management practices employed at the
site. Some types of facilities (e.g., a wet pond) might need to be inspected only annually. A
sand filter, in contrast, might need to be inspected once a month or even more frequently
during the wet season. The entity responsible for maintenance inspections should maintain
inspection and maintenance records on file. In addition, procedures need to be established to
ensure that problems identified during the inspection process are fixed in a timely manner
and that reinspection occurs as soon as practicable.

(9) Wetlands protection ordinance. Local governments can protect wetlands by adopting a
wetland protection ordinance that supplements the permitting program established under
Section 404 of the Clean Water Act (for more information on Section 404, see the
Introduction (section 1.2.2 Regulatory Context) or
http://www.epa.gov/owow/wetlands/facts/fact10.html). Section 404 does not cover all
wetlands, nor does it cover all activities that may infringe on a wetland. A local regulatory
program can be used to provide additional protection. A local ordinance should, however, be
compatible with, supplement, and/or streamline the Section 404 program while tailoring
wetland protection plans to meet local conditions and circumstances (Patton et al., 2000).

Following are some of the important components of a wetlands ordinance (Cowles et al.,
1991).

- The applicant should be required to submit a detailed wetland analysis, performed by
a trained wetland ecologist, of the subject property, including a professional survey of
the wetland edge.

- A wetland should be protected by an adequate undisturbed buffer and placed within a
permanent open space or protective easement tract to preclude future subdivision of
the wetland.

- Wetlands should not be used as surrogate runoff detention structures. Any runoff
directed into a wetland should be pretreated.

- Construction near wetland areas should utilize management practices, including
proper placement and installation of sedimentation control and clearly marked limits
of construction to avoid inadvertent wetland impacts.

- Non-wetland field staff such as building inspectors, grading inspectors, or any other
appropriate staff should be trained to recognize wetlands and to ensure management
practices are used and enforced during the construction process.

(9) Miscellaneous ordinances. Other ordinances capture issues that are important for protection
of water resources but do not fall into a single category. The following are examples of
miscellaneous ordinances:
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— The Nonpoint Source Ordinance for Lake Travis, which is located along the lower
Colorado River near Austin, Texas, addresses techniques required to control nonpoint
source pollution from permitted and unpermitted activities.

— The Transfer of Development Rights Ordinance of Sarasota, Florida, allows for the
transfer of development rights to protect environmentally sensitive areas from
impacts caused by new development by directing new development to less-sensitive
areas.

1.3.1.3 Explore market-based regulatory approaches

Water quality trading is a market-based approach to improving and preserving water quality.
Trading allows one pollution source to meet its regulatory obligation by purchasing pollutant
reductions created by another source that reduces pollution below levels required by federal and
state regulations. Trading is a cost-effective solution because pollution control is achieved where
the cost is lowest.

EPA is currently targeting water quality trading and providing guidance and procedures. Trading
is a possibility in all watersheds, even where water quality is not impaired, but the focus is on
watersheds with approved TMDLs. Water quality trading is encouraged for nutrients and
sediments. For pollutants other than nutrients or sediment, a higher level of scrutiny would be
applied. EPA does not support the trading of persistent bioaccumlative toxic pollutants, or
trading where water quality standards would be exceeded.

Water quality programs should include the following provisions for trading:

— Permits under Sections 402 and 404.

- For NPDES permits, information on how trading baselines and conditions have been
established and how they are consistent with water quality standards.

- Standard methods for measuring compliance.
- Designated uses to be protected (e.g. the antidegradation policy will be upheld).

Credible trading programs generally include:

- Legal authority and mechanisms

- Clearly defined units of trade

- Creation and duration of credits

- Protocols for quantifying credits and addressing uncertainty
- Provisions for compliance and enforcement

- Public participation and access to information

- Periodic program evaluations
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This box is intentionally left empty.

EPA’s trading Web site (http://www.epa.gov/owow/watershed/trading.htm) provides a number
of resources related to the current policy, new developments, case studies, and links to other
trading programs.

1.3.2 Develop an Institutional Structure

The following practices follow the approach presented by the Center for Watershed Protection in
the Rapid Watershed Planning Handbook (CWP, 1998c). This approach applies mainly to local
efforts in small watersheds. State and regional agencies might need to conduct their efforts on a
larger scale. Other resources that address establishing a watershed planning framework on a
larger scales include Framework for a Watershed Management Program (Clements et al., 1996)
and Know Your Watershed (CTIC, 2000).

1.3.2.1 Establish a watershed baseline

The first step in a watershed assessment process is to gather basic background information about
the watershed and subwatersheds. This process can be used as a foundation for developing the
rest of the watershed plan.

(1) Define watershed and subwatershed boundaries. Watershed and subwatershed boundaries
need to be mapped on a good topographic map such as those produced by the U.S.
Geological Survey. These maps, an example of which is shown in Figure 1.2, can help in
identifying the political jurisdictions and citizens that should participate in the watershed
planning effort, and the land use patterns in the watershed and each subwatershed (CWP,
1998c).

(2) Identify “embedded” agricultural areas. Livestock waste management is typically not
considered an issue in urban areas. However, the urban/suburban landscape can build up
around an existing agricultural area, or property owners can board animals on residential
property, making animal waste management an important component of maintaining water
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Figure 1.2: Example of part of a subwatershed base map (Oakland Museum of
California, No date).

quality in urban areas. Animal wastes from stables or backyard pens contribute nutrients and
pathogens to runoff and ground water. Manure can also be a nuisance because of odors and
flies, and animals can contribute to the destruction of vegetation through trampling and
overgrazing.

Water quality problems can be associated with stables and backyard livestock pens.
Management techniques to address these agricultural nonpoint sources include (Terrene
Institute, 1994):

— Siting animal areas to drain away from water bodies

— Planting or maintaining as much vegetation as possible between animal areas and
water bodies

— Establishing diversions upslope from a high-use area to divert clean water away from
bare soils and manure

— Establishing berms or diversions downslope of high-use areas to collect contaminated
runoff for treatment

— Establishing fenced areas for animal use to protect vegetation

— Collecting manure and bedding regularly and protecting stored manure from rainfall
and runoff
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Good Horse Keeping

Horse owners in Massachusetts and the Patriot Resource Conservation and Development (RC & D)
Council have launched the Horse Manure Management Initiative (HMMI). The Initiative involves
collaboration between horse owners, the Massachusetts Farm Bureau, the Massachusetts Stable
Owners, and the Operators and Instructors Association to improve and protect water quality in Essex,
Middlesex, Norfolk, and Suffolk counties. The HMMI is focused on education, outreach, and policy
initiatives to promote good horse keeping practices and manure management. The Patriot RC&D
Council plans to release a Good Horse Keeping video and a Horse Owner Directory and Resource

Guidebook in 2003. For more information, visit http://patriotrcd.org/horse _manure _management.html.

— Applying animal wastes as fertilizer for pastures, croplands, lawns, gardens,
nurseries, and greenhouses at rates dictated by soil analyses

— Composting raw manure to reduce bulk, odors, and bacteria

Sources of information for managing pollution from livestock areas include local cooperative

extension service offices, soil and water conservation district offices, and U.S. Department of

Agriculture (USDA) Natural Resources Conservation Service (NRCS) offices. NRCS
published the Agricultural Waste Management Field Handbook, which is a comprehensive
guide for livestock operators that provides detailed technical information about practices to
properly manage animal wastes (USDA NRCS, 1992). This document can be accessed online
at http://www.wcc.nrcs.usda.gov/awm/awmfh.html. Additionally, EPA published National
Management Measures to Control Nonpoint Source Pollution from Agriculture. This
document is available for download from the Office of Wetlands, Oceans, and Watersheds’
Web site at http://www.epa.gov/owow.

(3) Identify possible stakeholders. Stakeholder participation in planning for watershed
management is crucial. Stakeholders have power and a variety of insights that will play a
large role in whether the plan succeeds or fails. Stakeholders are affected by the outcome of
the watershed plan, have a responsibility for implementing the plan, or have the ability to
impede or assist the plan’s implementation. See below for a list of organizations and people
that might be stakeholders. This group is not limited to people living or working in the
watershed or subwatershed delineated on the watershed map. Because several local
management units can be encompassed by a single watershed, state, tribal, interstate, and
federal officials often are considered stakeholders in a local watershed initiative. In addition
to identifying the stakeholders, the planning process should include developing a technical
advisory team or committee to assist with the scientific aspects of the watershed program.

Federal Agencies Nonprofit Organizations
— Environmental Protection Agency — Greenways coalitions
— Army Corps of Engineers — “Friends of ...” groups
— Fish and Wildlife Service — Watershed coalitions or foundations
(Department of the Interior) — Anglers’ groups
— Federal Emergency Management — Volunteer organizations
Agency — Recreation/hiking groups
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State/Local Agencies Private Sector

— Environmental or wildlife agency — Consulting engineers

— Flood control district — Local businesses

— Water rights agency (primarily in — Real estate companies
the southwestern United States) — Builders/developers

— Public works department — Trade associations

— Planning/zoning department or
board Other Citizens

— State department of transportation — Local residents

— Local conservation commissions — Schools/teachers

— Extension services from land grant — “Downstream” users (i.e., drinking
universities water consumers)

(4) Measure existing impervious cover. The amount of impervious cover is a key attribute of
watersheds. The impervious cover model (CWP, 1998a) directly links imperviousness levels
to the quality of water resources at the subwatershed scale. Crucial to the use of the model is
an estimation of the percentage of the subwatershed covered by impervious surfaces. A
number of practices can be used to make this estimate, ranging from measuring cover
directly using aerial photographs to predicting cover based on the relationship between
imperviousness and population or road density statistics.

(5) Assemble historical monitoring data. Most water resources in urban and suburban areas have
been monitored at one time or another. The challenge is to identify who has collected data
and whether the data are in an accessible and usable form. Often the people that collect data
in a particular watershed are also stakeholders or members of the technical committee.
Whatever the source, watershed data need to be assessed in terms of quality and usefulness.
The technical advisory team plays an important role in this endeavor. Once organized,
historical data provide the background knowledge necessary for guiding the other steps of the
local watershed planning process.

(6) Assess existing mapping resources. Resource maps are used to present many aspects of the
watershed management plan in a clear, reader-friendly format. Natural and cultural features
that can be included on a resource map are:

— Floodplain boundaries

— Stream corridors

— Soils and geologic features
— Current and future land use
— Transportation routes

— Buffers

— Wetlands

— Detention/retention ponds
— Direction of drainage
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(7) Conduct an audit of local watershed protection capabilities. A sometimes overlooked but
very important task associated with baseline assessment is a critical evaluation of local
capabilities to implement watershed practices. The audit should be as complete as possible
and should include examination of local programs, regulations, ordinances, master plans,
staff resources, and funding. If deficiencies or potential problems are found, the audit can be
used as a basis for making changes.

Watershed Assessment, Tracking, and Environmental Results

EPA has developed an integrated information system for the nation's surface waters that combines
data from various EPA Office of Water programs into one large framework. Data from the information
system, Watershed Assessment, Tracking and Environmental Results (WATERS), is available online
through interactive Web-based applications and mapping tools. The following is a list of programs that
are incorporated or scheduled to be incorporated into the database:

Water Quality Standards: The Water Quality Standards Database contains information on
designated uses for waterbodies

Water Quality Inventory 305(b) Report: The National Assessment Database includes
information on the attainment of water quality standards. Waterbodies are classified as Fully
Supported, Threatened or Not Supporting these designated uses.

Total Maximum Daily Load 303(d) List: The TMDL Tracking System provides information on
waterbodies that are designated as Not Supporting. These waterbodies are required by law to
have TMDLs developed, and the database tracks the status of those TMDLs.

Water Quality Monitoring: The STORET database contains water quality, biological and
physical data.

NPDES Permits: The Permit Compliance System stores data on NPDES facilities, permits,
compliance status, and enforcement activities for up to six years.

Safe Drinking Water: The Safe Drinking Water Information System contains information on
public water systems and drinking water standard violations.

Fish Consumption Advisories: The National Listing of Fish and Wildlife Advisories database
includes information on fish consumption advisories issued by states, tribes, and the federal
government.

Nonpoint Source Pollution: The Section 319 Grants Reporting and Tracking System is a
compilation of information on projects and activities funded by CWA Section 319(h) funds.

Nutrient Criteria: The Nutrient Criteria Database stores and analyzes nutrient water quality
data.

The BEACH Program: The Beaches Environmental Assessment, Closure & Health (BEACH)
Watch database provides information on whether a specific beach is being monitored for
water quality, the party responsible for the monitoring, the pollutants that are being monitored,
and advisories or closures that have been issued.

Vessel Sewage Discharge: Vessel sewage discharge is regulated under Clean Water Act
Section 312, which mandates the use of marine sanitation devices (on-board equipment for
treating and discharging or storing sewage) on all commercial and recreational vessels that
are equipped with installed toilets. Under Section 312 States may request a No-Discharge
Zone designation that prohibits the discharge of sewage from all vessels into defined waters.

The WATERS database can be accessed online at http://www.epa.gov/waters.
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1.3.2.2 Set up an institutional structure

A successful runoff management program requires a strong institutional structure (CWP, 1998c).
A typical institution carries out many functions, including:

— Setting goals for the watershed and subwatersheds
— Identifying gaps in monitoring data and taking steps to acquire needed information
— Operating as a forum for stakeholder input

— Reviewing and prioritizing management strategies to achieve maximum watershed
protection

— Establishing links with other groups and agencies
— Encouraging cooperative exchanges of information

— Providing funding for planning actions and exploring funding options for management
practice implementation

— Ensuring long-term implementation of the runoff management plan
Key attributes needed to perform these functions are:

— Adequate permanent staff to perform facilitation and administrative duties

— A consistent, long-term funding source to ensure a sustainable organization

— Inclusion of all stakeholders in planning efforts

— A core group of dedicated people that have the support of local governmental agencies
— Local ownership of the runoff management plan throughout the process

— A process for monitoring and evaluating implementation strategies

— Open communication channels to increase cooperation among organization members

There are three types of runoff management institution models:

— QGovernment-directed model
— Citizen-directed model
— Hybrid model

The primary difference among the three management options is the authority that is ultimately
responsible for directing the watershed plan. In the government-directed model, local or regional
agencies assume responsibility for making decisions about how the watershed is managed. The
citizen-directed model is driven by citizen activists or grassroots organizations, and the hybrid
model combines the best of both models and is recommended for most watersheds. Each
paradigm has particular strengths and weaknesses, but whatever form the model takes, the
framers of the institution must define its goals and carefully lay out the responsibilities and
contributions that will be made by each element. Table 1.3 compares the typical components of
the three models, lists advantages and disadvantages associated with each model, and specifies
conditions where each model might best be applied.
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Table 1.3: Elements of three watershed management structures (CWP, 1998c¢).

Government-Directed
Element Model Citizen-Directed Model Hybrid Model

Formation Created by legislative Created at grassroots level by Created with some governmental
authority. citizens or other interested authority and support from

parties. citizens.

Membership | Organization membership | Stakeholder participation is Some members are required to
appointed by voluntary. participate, but many are
governmental authority. volunteers.

Authority Structure has regulatory Advisory capacity with no Some members of the structure
authority over land use regulatory authority over land have regulatory authority; others
and other permits. use or permits. act in a volunteer or advisory

capacity.

Funding Funding is through taxes Funding is by grant, donations, Much of the funding is through a
or levied fees. or sometimes local government | steady source, such as an

contributions. agreement with a local
government, but grants might also
compose a significant portion of
the budget.

Implementa- | Government agencies at Local governments implement Local governments implement the

tion the state, local, and the plan. plan with some assistance from
federal levels implement state and federal agencies.
the plan.

Advantages | Has legal authority to Local community has ownership | Has some authority to implement
influence development. in the plan. No stakeholders are | the plan. Incorporates
Has a secure funding forced to participate. Residents stakeholders from the public and
source. Consistent staff are less intimidated by other the government. Usually has some
are available. citizens than by the government. | stable funding source and

permanent staff. Technical
expertise from many sectors can
be used to formulate the plan.

Disadvan- Might not incorporate all | Might be difficult to secure a Demands significant input from

tages interests. Citizens and stable funding source. citizens and government.
local governments might | Implementation might be
not have a sense of difficult without legal authority.
ownership in the process. | Because most members are

volunteers, it might be difficult
to complete the plan quickly.
The most vocal groups might be
over-represented.

Where best Where the plan will Where the local community has | Most watersheds.

applied require extensive a very strong interest in the
regulations and land use water resource. Where the local
rules to implement. government has an excellent
Where the local relationship with local citizens’
community cannot raise groups and developers. Where
the funds to develop and some external funding source, or
implement a plan. Where | a steady supply from local
the community is not governments, can support the
strongly mobilized to take | citizen groups. Where
the initiative. disagreements between different

interests are not expected to slow
the group’s progress.
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(1) Government-directed model. In this model, an agency of government takes on the
responsibility for determining the goals of the runoff management program and directing the
means by which those goals are met. Such a structure can consist of one agency vested with
regulatory responsibility or a coalition of agencies from the local, state, and federal levels.

The program framework under the government model is strong because of its legal authority
and consistent funding, whether required by legislation or instituted as a reflection of an
administrative priority. Government involvement ensures that the management process draws
on broad public goals and balances the utility of various courses of action. However,
government-directed programs often do little to raise public awareness of the need for
resource protection, and if a government-led watershed management plan makes inadequate
provisions for public input, feelings of disenfranchisement can result. In addition,
interagency rivalry can hamper the effectiveness of a government-led management structure.

The government-directed model is frequently employed when a government agency is best
positioned to address a particular problem, or when public interest and awareness are not
sufficient to motivate citizen participation in the runoff management process.

(2) Citizen-directed model. This type of framework is highly legitimate in the public eye because
it concentrates heavily on co-opting public involvement throughout the management process
and gives the public a strong sense of ownership of the plan. Management recommendations
coming solely from the community have no legal authority, however, and community leaders
must rely on their ability to engage and motivate governmental entities to accomplish their
goals. For that reason, the citizen model usually is effective only where there is a healthy
relationship between community leaders and local government.

(3) Hybrid model. A quasi-governmental structure, a hybrid runoff management institution is
designed to combine legislative authority with technical advice, allowing additionally for
stakeholder and citizen input. By representing both government and citizen interests, the
model usually provides the most effective means of incorporating public opinion and activity
into the needs of the locality and watershed. The specific form that a hybrid management
structure takes depends on a variety of factors, but it will usually concentrate heavily on
incorporating as many stakeholders as possible into the watershed planning process. Hybrid
structures are not vested with regulatory authority but use one of several structures to
recommend courses of action to the governing body and plan and implement runoff
management practices.

1.3.2.3 Determine budgetary resources available for watershed planning

One of the most important challenges confronting a watershed manager is how to develop
watershed and subwatershed plans within existing budget constraints. The manager needs to
identify what sources of funding are available and develop budgets for the subwatershed and
watershed plans. The cost of a watershed plan varies depending on choices the watershed
manager makes regarding mapping, monitoring, modeling, and ongoing management. The
budget also depends on the area and complexity of the watershed and its subwatersheds.

1-23



National Management Measures Guidance to Control Nonpoint Source Pollution from Urban Areas

1.3.2.4 Project future land use change in the watershed/subwatershed

Land use in a watershed and individual subwatersheds has a strong influence on aquatic
ecosystems. Current impervious cover should have been measured as a part of the watershed
baseline analysis. The watershed manager needs to forecast the future impervious cover based on
available land use planning information, such as existing zoning or master plans.

Impervious cover projection helps watershed managers determine if aquatic resources will
degrade from current conditions (see Section 6 of the Introduction for more information about
impervious cover). If the analysis indicates that impervious cover will increase to such an extent
that it will cause subwatershed quality to decline, a watershed manager should consider shifting
impervious cover to another watershed or limiting development.

Southeastern Delaware Whole Basin Management

The Delaware Department of Natural Resources and Environmental Control (DNREC) and Sussex
County officials developed a phased process to manage the Inland Bays Basin that combines an
assessment program with an implementation plan to solve water quality problems affecting Rehoboth,
Indian River, and Little Assawoman Bays (Delaware DNREC, 2000). They identified excessive
nitrogen and phosphorus as the most pressing water quality problems in the basin. They attributed the
elevated nutrient levels to both urban and agricultural sources, including

— Failing or inadequate septic systems.

— Sewage treatment plant effluent.

— Fertilizer application for residential and commercial landscaping.
— Construction site sediment export.

— Exhaust emissions.

— Open burning.

— Field application of manure to crops.

They also assessed biological populations and identified priority communities and species that warrant
special protection.

To begin implementing a whole basin management program, the Delaware legislature established the
Center for the Inland Bays in 1994. In 1998 the Center initiated a Tributary Strategy Program that
organized stakeholders into three Tributary Action Teams, which assist the Center in reducing nutrient
inputs to the bays and restoring habitat. They are also assisting DNREC in developing pollution
control strategies to meet TMDLs for nutrients. In 1999 the Delaware House of Representatives
passed Resolution 32, which established a multijurisdictional committee to

— Assess progress toward implementation of the Land-Use Action Plan of the Inland Bays
Comprehensive Conservation and Management Plan.

— To identify areas where implementation has not been achieved.

— To recommend changes to Sussex County’s Comprehensive Plan and implement zoning and
subdivision ordinances.

Finally, in 1999 the Delaware Legislature passed the Delaware Nutrient Management Law, which
established the Delaware Nutrient Management Commission. The purpose of the Commission is to
develop a program to address nutrient inputs from both agricultural sources and urban sources such
as golf course landscape operations, residential inputs, and residential and commercial fertilizers.
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Regardless of the forecasting option chosen to estimate future impervious cover, it is important
to verify and adjust the estimate periodically. This adjustment helps ensure that land use
planning tools for the watershed result in the desired level of impervious cover needed to
maintain the management strategy of each subwatershed.

1.3.2.5 Develop subwatershed plan

Based on the information obtained in the preceding steps, the watershed manager should
determine what goals and objectives are appropriate in the watershed and its individual
subwatersheds. Goal-setting is among the most important steps in watershed planning, and the
management structure should ensure full involvement from stakeholders at this stage.

A subwatershed plan is a detailed blueprint to achieve the established subwatershed objectives. A
typical plan may include revised zoning, management practice regulations, proposed
management practice locations, description of proposed new programs, estimates of budget and
staff needed to implement the plan, stream buffer widths, or monitoring protocols.

The plan should target the subwatershed objectives with the combination of management
practices that is most economical, effective, and feasible. Implementing management practices
by planning on the subwatershed scale can increase cost-effectiveness and water quality benefits.
A combination of nonstructural, on-site, regional, and channel stabilization practices specifically
tailored to the subwatershed will help to maximize these benefits. Pollution prevention and
nonstructural practices are key, as they can reduce the generation of pollution and its exposure to
rainfall and runoff. In addition, implementing site-dispersed, low-impact development practices
can help to control both runoff quality and quantity at the site level. Ensuring that drainage
channels and floodplains are stable will provide protection against flooding and serve to buffer
receiving waters. Finally, regional runoff control and treatment practices are a last line of defense
to control flooding and reduce pollution. The following are descriptions of each type of practice
and how they can meet water quality objectives in a subwatershed:

— Nonstructural practices. Pollution prevention and nonstructural practices are effective in
reducing the generation of pollution and its exposure to rainfall and runoff. These
practices help to increase public awareness, and can reduce the need for pollutant
removal capacity in runoff treatment controls and the burden of maintaining those
controls. Used alone, however, nonstructural practices do not provide a comprehensive
solution for runoff management. While various techniques have been developed to
qualitatively measure the effectiveness of nonstructural practices, it is difficult to gauge
their direct water quality benefits.

— Site-dispersed (on-site) practices. Site-dispersed, low-impact development practices
control runoff quality and quantity at the site level and reduce the flow volume and
pollutant load that reaches drainage channels. In addition to these benefits, infiltration
practices can be a source of ground water recharge and reduce the frequency of combined
sewer overflows (CSOs). They require less land area and can provide aesthetic benefits.
These practices can also provide cost savings from both reduced construction costs and
lower maintenance requirements. On the other hand, responsibility might fall on the
property owner to inspect and maintain the practices. In addition, on-site treatment
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practices only treat the first }2 inch to 1 inch of runoff, and the rest is bypassed. They are,
however, good first practices in a system of storm water management practices.

— Regional (off-site) practices. Regional runoff control and treatment practices act as a last
line of defense to control flooding and reduce pollution. The advantages of regional
controls are that they are easier to maintain and do not require the actions of the property
owner; they can provide aesthetic and recreational benefits; and they can be cost-effective
due to the economy of scale. However, a regional pond offers no protection to upstream
tributaries, and placement in low-lying areas may hurt natural wetlands. Communities
may also have to address safety and liability considerations.

— Stable drainage channels. Stable drainage channels and floodplains are important for
protection against flooding and as buffers for receiving waters by filtering pollutants and
preventing erosion. Riparian areas can provide aesthetic and recreational benefits as well
as wildlife habitat. Restoring stream channels and riparian areas can, however, be
expensive, and is not feasible when development exists along drainage channels or
restoration conflicts with landowner use of streamside property.

Regional vs. On-Site Development Regulations

In anticipation of dramatic growth in the next decade or two, the city of Seattle, Washington is
considering the development of an integrated drainage plan to address storm water at the
subwatershed level rather than on a project-by-project basis. One of the options being considered is
the establishment of off-site mitigation programs in urban jurisdictions. These programs allow
developers to meet on-site development requirements relating to storm water by compensating the
municipality to provide equivalent mitigation in an off-site public facility. In a case study, Maupin and
Wagner (2003) explore the costs and benefits of regional and onsite management practices. The
authors determine that an offsite mitigation program might be beneficial if the municipality has storm
water management obligations, has the authority to regulate development, requires on-site storm
water management on new development or redevelopment projects, and cost, water quality, or
community benefits may result from off-site treatment. Because it shifts the maintenance burden to the
municipality, it may not be appropriate in all cases (Maupin and Wagner, 2003).

Targeting Runoff Treatment Practices for Temperature Control

In the Token Creek Watershed in Dane County Wisconsin, a proposed 492-acre development for
single-family homes posed concern for regulators regarding Token Creek, a cold water stream that is
a major tributary to Lake Mendota. Managers identified three major goals for the watershed: reduce
overall sediment and nutrient flows to Lake Mendota; protect the water quality in Token Creek,
primarily regarding sediment and water temperature; and implement practices that will be aesthetically
pleasing and increase property values. Managers recognized that traditional treatment practices such
as storm water ponds and wetlands (for more information, see Management Measure 5) would not
protect the stream from the potential thermal impacts of runoff from a highly developed area. Instead,
the channel was lined with rock to provide infiltration, heat dissipation, and erosion control, and rock-
filled gabion dams were installed. The Temperature Urban Runoff Model (TURM) was used to
estimate water quality benefits. Modeling results predicted a 10.7 degree Fahrenheit increase in water
temperature with the practices installed, as opposed to a predicted 21.6 degree increase without the
practices (Dorava et al., 2003).
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1.3.2.6 Adopt and implement the watershed plan

The best way to ensure that a plan is implemented is to incorporate the right stakeholders,
realistically assess budgetary resources, develop a scientifically and economically sound plan,
and mandate the plan’s use and implementation. During and after plan development, watershed
managers need to ensure that local governments have both the regulatory authority and the
resources to implement the plan.

Watershed managers need to identify funding sources to support plan implementation. One of the
greatest costs of watershed implementation is the staff resources needed to continue monitoring
in the watershed, design and build retrofits and new management practices, and enforce the
ordinance and laws called for in the plan.

1.3.2.7 Revisit and update the watershed and subwatershed plan

A one-time watershed study only identifies the problems that exist in a watershed. Many local
governments, for one reason or another, take on watershed planning without realizing that it is a
process rather than a report. Watershed and subwatershed plans should continue to be updated
and revised as the watershed management process evolves and problems are identified.

1.3.3 Provide Adequate Funding and Staffing

Implementing an urban runoff control program requires funding to support programs and provide
staff. Local and state governments can provide revenue from the tax base, but environmental
programs often come up short when they compete with other municipally funded projects.
Alternative borrowing and fundraising techniques can be used to provide additional money for
water quality projects.

A variety of resources for financing information are available. The Environmental Finance
Center, sponsored by EPA and the University of Maryland Sea Grant College, was created to
assist local communities in finding creative ways to pay for environmental projects. The Center
promotes alternative and innovative ways to manage the cost of environmental activities,
provides training and development opportunities in environmental management, and works to
increase awareness of the benefits associated with sound environmental management policies. In
addition, the Center serves as a national repository and clearinghouse for environmental finance-
related information, including information from EPA, the Environmental Financial Advisory
Board (EFAB), and the Environmental Financing Information Network (EFIN), as well as other
Environmental Finance Centers (EFCs) across the nation. More information about the technical
assistance and support the Center provides, such as workshop and conference sessions, problem-
solving roundtables for communities, watershed management training sessions, and utility rate
design assistance, is provided at http://www.mdsg.umd.eduw/EFC (EFC, 2000).

Another source of financing information is the Florida Stormwater Association (FSA), which
was formed to assist professionals in both the public and private sectors who work in the storm
water management and finance areas. FSA provides online services to its members, including a
newsletter, storm water utility survey, access to local ordinances, and the FSA membership
directory. For more information about FSA, refer to http://www.florida-stormwater.org/ (FSA,
2000).
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City of Lenexa, Kansas, Sales Tax Increase

The City of Lenexa, Kansas, passed a 1/8-cent sales tax to help fund a new storm water program. The
initiative includes the construction of multipurpose lakes and other storm water facilities to reduce
flooding, improve water quality, and provide recreation for the citizens of Lenexa. The program differs
from conventional storm water programs in that it also focuses on water quality and recreational
opportunities. Most storm water programs focus only on preventing flooding. Revenue from the sales
tax will be used to

— Construct lakes, detention basins, and sport fields.
— Acquire land in key locations before development occurs.
— Address existing problems in developed areas.

Other sources of revenue for the program include an annual $30 per home utility charge, a new
development charge, and existing revenue sources such as a mill levy and Johnson County storm
water funds.

The city’s watershed management program will be implemented by constructing new facilities,
improving the management of existing facilities, establishing development policies and processes, and
implementing activities to ensure compliance with new regulations associated with the Clean Water
Act. Lenexa has recently inventoried critical natural areas in the city to provide guidance for
conserving, protecting, and restoring natural resources. Stream restoration opportunities in developed
areas of the city will be identified, along with measures to address flooding. Lenexa encourages
citizens to participate in the Watershed Management Program and offers tips for improving the quality
of urban storm water runoff.

For more information about the Lenexa Storm Water Management Plan, contact Lenexa Public Works
at 913-477-7680 or refer to http://www.ci.lenexa.ks.us/Stormwater/intro.html (Lenexa, No date).

Finally, the Center for Urban Policy and the Environment at Indiana University—Purdue
University Indianapolis (2001) developed An Internet Guide to Financing Stormwater
Management. This guide, located at http://stormwaterfinance.urbancenter.iupui.edu, is designed
to help communities find ways to pay for storm water management projects. The site includes an
annotated bibliography of existing storm water finance materials, an archive that contains
selected previously published materials concerning storm water finance, a manual that discusses
the financing options available to communities for storm water management programs, a set of
case studies that describe successful finance mechanisms that have been used in seven
communities around the country, and a group of links to other useful Web sites about storm
water management.

Several mechanisms that watershed managers can use to secure funding for their storm water
programs are described below.

1.3.3.1 Taxes and fees

Municipalities often use taxes to fund environmental programs, but the taxes are not dedicated
for a specific purpose and may be allocated to other, non-environmental programs. Fees are
another method that can generate money for environmental programs. Table 1.4 outlines several
kinds of taxes and fees that are appropriate for financing storm water management programs.

1-28


http://stormwaterfinance.urbancenter.iupui.edu/
http://www.ci.lenexa.ks.us/Stormwater/intro.html

Management Measure 1: Program Framework and Objectives

Table 1.4: Types of taxes and fees that can be used to raise money for storm water
management programs (adapted from USEPA, 1994).

Tax or Fee Description

Property and sales taxes | Charged as a percentage of property value or gross sales.

Real estate transfer taxes | Assessed as a percentage of property values when property is sold.

Commodity taxes Charged on specific items such as gasoline and hunting and fishing equipment.

Tax surcharges Added to established tax rates.

Tax incentives Offer tax reductions as state tax credits, deductions, or rebates.

Tax disincentives Fees, taxes, or price increases to discourage the use of an inefficient product.

Tax differentiation Tax charged on an inefficient product to encourage the use of an efficient substitute.
Selective sales tax In the form of a retail tax or an inspection fee.

Tax increment Financing incremental increases in real estate taxes to repay the original investment in

improved public facilities that resulted in increased real estate values.

Plan review fees Collected to conduct development plan reviews to ensure they meet requirements.

Storm water utility fees Imposed on property owners based on amount of runoff generated, impervious area
on the property, or the assessed value of the property.

Impact fees The cost of infrastructure services is paid up-front by fees collected from developers
or property owners.

Inspection fees Collected to ensure that development plans are properly implemented.

User fees Directly tied to the use of a resource or facility and especially useful at the local level

where user groups are easily identified.

Capacity credits Private interests guarantee future capacity in a public facility and provide additional
funding to local governments for project completion.

Effluent discharge fees Levied on an industrial facility based on the volume of pollutants discharged. Can be
used to meet water quality objectives, to cover costs of pollution abatement, or to
meet effluent standards. Provides economic incentive to reduce pollution output and
is an equitable method for funding pollution control projects.

1.3.3.2 Bonds

Several kinds of bonds can be used to fund projects over the long or short term. Long-term bonds
provide funding for the duration or life expectancy of the project and can be paid back all at once
at the end of the project or little by little until the end of the project. Short-term bonds provide
interim funding for long-term projects that have not yet been financed. There are also general
obligation bonds, which are issued by state or local governments and are repaid using taxes and
other revenues. Revenue bonds are also issued by state or local governments, but they are repaid
using income or funds generated by the project itself. Finally, state revolving funds, which are
long-term, low-interest loans to local governments or individuals for capital investments, can be
used to fund storm water projects. Repayment allows the fund to revolve its lending ability
continuously. The fund is intended to provide a permanent source of financing for state and local
water quality projects and can be used for many different projects, including:

— Construction of wastewater treatment plants

— Implementation of approved state nonpoint source management programs and ground
water protection strategies under section 319 of the Clean Water Act
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— Development and implementation of estuary comprehensive conservation and
management plans under section 320 of the Clean Water Act

1.3.3.3 Leases

A municipal lease grants the lessee the option of applying lease payments to the purchase of the
facility. The lessee is responsible for paying taxes on the property. Leases can be used to finance
the purchase of environmentally sensitive areas, land for wetland restoration, or other projects. A
sale/lease-back arrangement allows the owner of a facility to sell it to another entity and
subsequently lease it back from the new owner. This arrangement can provide alternative
financing for a facility and may limit a government’s liability.

1.3.3.4 Intergovernmental transfers and assistance

Grants are awarded to state or local governments for assistance in meeting national
environmental quality goals. EPA establishes the criteria that must be met before receiving
funds, while section 319 of the Clean Water Act allocates federal funds to states for
implementing approved nonpoint source management programs. The grant money can also be
used for postimplementation monitoring and groundwater assessment as part of an approved
NPS pollution control program.

The conservation districts in Delaware have a conservation cost-share program that is funded by
the state. Each of the three districts currently receives approximately $300,000, plus an
additional $175,000 for nutrient management program practices. Most of the urban management
practices involve backyard drainage projects, streambank erosion control, rehabilitation of storm
water management ponds, urban flood control projects, tree plantings in community open space,
conservation windbreaks, and debris pit remediation, and they can include assisting a community
with an engineering study to determine solutions for a problem. Each conservation district
determines the priority areas for the conservation funding, with the most urban BMPs
implemented in New Castle County. Depending on the practice, the landowner pays 25 to

50 percent of the costs (Mickowski, 2004).

Using Clean Water Act Funds for Water Quality Improvements

The Delaware Department of Natural Resources and Environmental Control (DNREC) is using the
Clean Water State Revolving Fund to effect water quality improvements. Practices implemented with
the funds include wastewater collection to eliminate 300 failing onsite wastewater treatment systems
and prevent 594 new systems; replacement of failing onsite wastewater treatment systems; sediment
and storm water management practices; water body restoration practices such as stream bank
stabilization, wetland restoration, and riparian buffer installations; land purchases and conservation
easements for water quality protection; and implementation of Comprehensive Conservation and
Management Plans for the Delaware Estuary and Delaware Inland Bays. For more information on the
Clean Water State Revolving Fund, see http://www.epa.gov/owmitnet/cwfinance/cwsrf.
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1.3.3.5 Public-private partnerships

The private sector can invest in public-sector facilities. This approach reduces the financial
burden for the public sector through cost sharing and is especially appropriate when neither the
public nor private entities can fund the projects themselves. However, there might be political
opposition from government workers or negative public opinion due to private ownership and
operation of a public facility, even though private operations are often more cost-efficient,
provide a higher level of service, and require less implementation time than public operations.

1.3.4 Foster Input from Technical Experts, Citizens, and Stakeholders

Most runoff management institutions require input from three groups of people—technical
experts, citizens, and stakeholders—to plan and implement successful runoff management
practices. Technical committees are often set up to provide expertise on scientific issues, while
citizen advisory and stakeholder committees afford the public a chance to include their opinions
in the management process.

1.3.4.1 Technical committees

The central principle of technical committees is that proactive involvement of all stakeholders
will result in greater watershed improvements because actions will have the approval of all
interests. Ideally, members of the technical committee are also agency representatives in the
larger management institution. Members may include representatives from the state and county
natural resources, environment, planning, health, and water resources management entities. In
addition, federal agency representatives and individual citizens with expertise in scientific fields
or engineering may participate. The technical committee evaluates monitoring data and identifies
data gaps, coordinates monitoring efforts within the watershed to obtain missing data, evaluates
proposed regulatory or land use changes with respect to their potential impact on the watershed
resource, interprets scientific data for the watershed management institution, and assesses and
coordinates currently approved implementation projects.

1.3.4.2 Citizen committees

A citizen committee is open to all citizens and provides direct feedback to the management
institution on public sentiments regarding the planning process. The review of citizen concerns in
a comprehensive process is critical in gaining community support. Some of the possible
functions of a citizen committee include organizing public outreach and community awareness
projects, such as tree planting days, stream cleanups, storm drain system stenciling, watershed
awareness days, and volunteer activities, and exploring funding sources and grant-writing. In
addition, such a committee might organize media relations and publicity programs such as press
releases, informational flyers, and watershed awareness campaigns; act as a liaison between
citizen groups and government agencies; and establish early stakeholder and public involvement.
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Creating Quality Places Program, Kansas City, Missouri

The “Creating Quality Places: Successful Communities by Design” is a program of the Mid-America
Regional Council (MARC), which represents city and county governments in the bistate Kansas City
metropolitan area. The program, which is partially supported with resources from EPA’s Sustainable
Communities Challenge Grant Program, is aimed at developing a better quality of life in
neighborhoods throughout the Kansas City region. Creating Quality Places is divided into two phases.
In the first phase, 20 quality principles were identified to guide future development. These principles
offer the best means for the region to grow, while also preserving and enhancing the quality of life
enjoyed by residents. The second phase of the program focuses on the means for implementing these
principles.

Creating Quality Places was a coordinated effort between multiple stakeholders. In the first phase, a
steering committee and three advisory committees were convened by MARC to ensure broad
stakeholder representation. The steering committee, which included elected officials, developers, civic
leaders, citizens, planners, and representatives of other stakeholder groups, provided input and
direction throughout the proceedings. The three advisory committees provided specific and technical
input during deliberations. These committees each represented a specific sector of the development
arena and included mayors, city council members, county commissioners, planning commissioners,
city managers, planning directors, park professionals, public works professionals, developers,
builders, architects, and engineers.

The initial quality principles were developed by merging the principles devised by each of the four
committees. At a joint session of the four committees, the combined principles were reviewed,
strengths and weaknesses of each were identified, and the principles were edited. The edited
principles were then reviewed through a questionnaire, which was administered at public forums
conducted for each topic area. The steering committee and advisory committees conducted a final
review, and the quality principles were finalized. This development and review process allowed
stakeholders to be involved throughout the entire process.

MARC also ensured stakeholder involvement by organizing public forums to establish dialogue on
quality development issues and to raise awareness about land use and development practices. The
forums consisted of two parts. The first part was a session at which national speakers and local
panels discussed issues, and the second was a workshop that provided steering and advisory
committee members with an opportunity to ask questions and discuss concerns.

For more information about the quality principles, including specifics of the final 20 quality principles,
resources for implementing the principles, and case studies of how other communities are using the
principles, refer to www.qualityplaces.marc.org (MARC, 2000).

1.3.4.3 Stakeholder committees

Stakeholder committees address the goals and opinions of the agencies, organizations, or
individuals directly affected by management activities in the watershed. The incorporation of
stakeholder views into the development of the watershed plan is crucial to building consensus
and gaining support for future implementation. Typical stakeholders involved in the watershed
planning process include:

— Conservation groups (e.g., Trout Unlimited, Save our Streams, Bass Masters)
— Developers

— Homeowners

— Citizen associations
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— Farmers
— Industrial and commercial business interests
— Utility companies

Other groups, such as trade associations, research and academic institutions, sporting groups, and
individual citizens, might also wish to be involved in the process. When planning occurs at the
watershed level or higher, local and regional offices of federal agencies will also often decide to
become involved. By placing the emphasis for watershed management on the subwatershed
level, the number of stakeholders guiding plan development will be much more manageable.

Early and frequent involvement of stakeholders is a key ingredient in building support for the
subwatershed management process. Stakeholders should be given a meaningful and well-defined
role in the formulation of management plans. Sharing data and mapping, establishing goals,
setting priorities, developing management criteria, measuring success, and reviewing and
approving subwatershed plans will strengthen stakeholder ownership in the plan.

1.3.5 Establish Intergovernmental Coordination

The watershed management institution’s primary responsibility is to oversee the execution of a
watershed management plan. The management institution focuses the diverse stakeholders in a
watershed into a viable group capable of guiding implementation. The institution is also
responsible for the timely preparation and implementation of the watershed plan and its revision
as project goals are achieved or changed. Communities might elect to create a single authority
for an entire watershed, or a series of smaller authorities at the subwatershed level. The
effectiveness of the management institution is dependent upon its ability to forge all interagency
or multi-jurisdictional partnerships and agreements necessary to support the organization over
the life of the planning process.

Intergovernmental coordination is essential when establishing a watershed management program,
especially when the watershed extends over more than one political jurisdiction. Without the
participation of a broad spectrum of local, state, and federal agencies, most watershed planning
endeavors will not have the financial or information-gathering resources required to continue
beyond initial start-up efforts. Interagency coordination requires sharing of resources and data,
joint development and endorsement of a watershed management plan, and continued
participation of all agencies. Care must be taken to avoid interagency rivalries or
miscommunication.

The first step in fostering interagency coordination is the establishment of a watershed
management institution. One instrument that has been used to steer this process is the
Memorandum of Understanding (MOU). An MOU is an agreement by government agencies and
local stakeholder representatives to work together in the creation of a watershed planning
strategy. MOU s are widely used because agencies can enter into these agreements while
retaining their jurisdictional and budgetary appropriation authority. MOUs are not legally
binding contracts. Instead, the points in an MOU are presented in a broad manner to facilitate
consensus. Typically short (one or two pages), these agreements outline the goals and objectives
for the watershed management institution. The basic contents of an MOU are:
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— Identification of the parties involved in the process
— Vision statement
— Purpose of the MOU (issues to be addressed by the agreement)

— Pact to provide assistance to the partnership for coordination of planning efforts under a
central management organization

— Resolution to use the watershed plan as guidance in future land use or water management
decisions

— Signatures of all partners involved

Philadelphia’s Office of Watersheds

In 1998, the Office of Watersheds was created within the Philadelphia Office of Water. The new
department is charged with administering a watershed management program that integrates
combined sewer overflow, storm water management, and drinking water source protection. The
watershed approach focuses on regional and local partnerships and supports watershed initiatives at
the local level through innovations and demonstrations, and by facilitating cooperation between
stakeholders. The Office of Water’'s "watershed technology center" is a central repository of technical
support such as Geographic Information Systems, information technology, and model development for
the various watershed programs. The office is working with local watershed organizations, academic
institutions, and other agencies to pursue funding for demonstration projects, streambank restorations,
and information collection for regional watersheds (Neukrug, 2003; WERF, 2000).

1.3.6 Develop Training and Education Programs and Materials

Training programs and educational materials designed for people directly involved in the design
and implementation of a runoff management program are essential. Most states and many local
governments have developed guidance manuals, workshops, and other educational opportunities
to assist developers, site designers, contractors, plan reviewers, consultants, inspectors, and
others in understanding and complying with runoff management goals and objectives.

Most states make education and training voluntary. A few states, however, including Delaware,
Florida, Maryland, South Carolina, and Virginia, have made professional educational programs
mandatory by law or regulation. Delaware, for example, requires that “all responsible personnel
involved in a construction project will have a certificate of attendance at a Department-sponsored
or approved training course for the control of sediment and storm water before initiation of land
disturbing activity.” The state provides personnel training and educational opportunities for
contractors to meet this requirement, and has delegated program elements to conservation
districts, counties, and other agencies.

In addition to professional audiences, the public can greatly benefit from runoff management
education and training. Public awareness of program goals leads to greater support. Awareness
can be achieved in many ways, including workshops, brochures, meetings, and media
campaigns, as well as hands-on projects like storm drain stenciling and stream clean-ups.
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Watershed citizens can and do play an important role in controlling nonpoint source pollution.
Consequently, they need to acknowledge and be educated on pollution prevention issues and

activities. Management practices concerning this topic are discussed in greater detail under the
Management Measure 9: Pollution Prevention.
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1.4 Information Resources

An Internet Guide to Financing Stormwater Management is a Web site presented by the Center
for Urban Policy and the Environment (2001) at Indiana University-Purdue University
Indianapolis. The site includes an annotated bibliography of existing storm water finance
materials, an archive that contains selected previously published materials concerning storm
water finance, a manual that discusses the financing options available to communities for storm
water management programs, a set of case studies that describe successful finance mechanisms
that have been used in seven communities around the country, and a group of links to other
useful Web sites about storm water management. The site can be accessed at
http://stormwaterfinance.urbancenter.iupui.edu.

The Center for Watershed Protection’s Rapid Watershed Planning Handbook (CWP, 1998)
describes techniques communities can use to more effectively protect and restore water
resources. This document is available for purchase from the Center for Watershed Protection’s
Web site (http:/ www.cwp.org).

Framework for a Watershed Management Program (Clements, 1996) develops a specific
watershed management protocol to increase the understanding of the critical components in
watershed management programs. The publication is available for purchase from the Water
Environment Research Foundation by calling 800-666-0206 and specifying publication order
number D53016.

Building Local Partnerships, an Internet brochure published by the Conservation Technology
Information Center (no date), provides an overview of local partnerships, including the types of
partnerships that can be made, a how-to guide for forming partnerships, and caveats, as well as
links to other resources pertaining to partnership-building. The publication can be accessed at
http://www.ctic.purdue.edu/K’Y W/Brochures/BuildinglLocal.html.

The Environmental Finance Center (2000) was created to assist local communities in finding
creative ways to pay for environmental projects. The Center promotes alternative and innovative
ways to manage the cost of environmental activities, provides training and development
opportunities in environmental management, and works to increase the public and private
sector's awareness of the benefits associated with sound environmental management policies.
The site includes Creative Financing Techniques for Establishing Riparian Forest Buffers (or
other land protection efforts), which describes methods such as notification, recognition, and
nonbinding agreement programs; management agreements and leases; financing arrangements,
such as agreements tied to loans; easements; and land acquisition to encourage conservation and
stewardship of ecologically significant properties. The site also includes Financing Stream
Corridor Protection with a Community Quilt, which describes a method for financing
environmental protection and restoration efforts using a “community quilt” of financing
techniques that has the potential to cover the variety of activities within the watershed. The
Environmental Finance Center is located at http://www.mdsg.umd.edu/EFC.

The Florida Stormwater Association (2000) Web site contains information for storm water
managers and stakeholders, including a manual entitled Establishing a Stormwater Utility in
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Florida, storm water utility surveys, articles, news, and activities, and links to storm water
management resources. The site can be accessed at http://www.florida-stormwater.org/.

The National Association of Counties (1999) has assembled a comprehensive kit that provides
counties a host of tools for beginning and strengthening programs that favor purchase of products
that are energy-efficient, contain recycled materials, and are less hazardous to the environment
and human health. The kit includes case studies, a model purchasing resolution, a sample press
release, and a comprehensive list of resources. It can be ordered (free for members, $10 for
nonmembers) from the National Association of Counties’ Web site at
http://www.naco.org/Template.cfm?Section=Publications& Template=/cffiles/pubs/publications.
cfm&PubCat=EPP.

The State and Local Government Guide to Environmental Program Funding Alternatives
(USEPA, 1994) provides an overview of traditional (nongovernmental) funding mechanisms and
innovative approaches for funding environmental programs. The document can be downloaded
from http://www.epa.gov/owow/nps/MMGI/funding.html.

The Catalog of Federal Funding Sources for Watershed Protection (USEPA, 1999a) provides a
guide for watershed practitioners on federal funds that might be available to support a variety of
watershed protection projects. The catalog presents information on 69 federal funding sources
(grants and loans) that can be used to fund watershed projects. The information on funding
sources is organized into categories including coastal waters, conservation, economic
development, education and research, environmental justice, forestry, Indian tribes, mining,
pollution prevention, and wetlands. The catalog also includes key words that can be used to
search for funding programs for particular subject areas. The document is available in HTML
format at http://www.epa.gov/owow/watershed/wacademy/fund.html.

Model Ordinances to Protect Local Resources (USEPA, 1999b), located at
http://www.epa.gov/owow/nps/ordinance, is a Web site of model ordinances that can serve as a
template for those charged with making decisions concerning growth and environmental
protection. For each model ordinance listed, there are several real-life examples of ordinances
used by local and state governments around the nation. The ordinances address matters that are
often forgotten in many local codes, including aquatic buffers, erosion and sediment control,
open space development, storm water control operation and maintenance, illicit discharges, and
postconstruction controls. There is also a miscellaneous category containing ordinances that
don't fit into these sections. In addition, this Web site has materials that support particular
ordinances, such as maintenance agreements and inspection checklists.

EPA's Office of Wastewater Management (USEPA, 2001) has a financing Web site
(http://www.epa.gov/OWM/finan.htm) that provides an overview of the many types of assistance
they provide to national, state, and local programs to abate and prevent municipal water
pollution. Included is guidance information such as Paying For Water Quality: Managing
Funding Programs to Achieve the Greatest Environmental Benefit and Guide to Using EPA's
Automated Clearing House For the Drinking Water State Revolving Fund Program as well as
information on programs such as the Clean Water State Revolving Fund (SRF), Construction
Grants Programs, Section 106 Water Pollution Control Program Grants, Section 104(b)(3) Water
Quality Cooperative Agreements, and Indian Set-Aside Grants.
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The Watershed Management Institute, Inc. (1997a) printed a book entitled Institutional Aspects
of Urban Runoff Management: A Guide for Program Development and Implementation. This
book presents a comprehensive review of the institutional frameworks of successful urban runoff
management programs. It was developed to assist individuals responsible for developing and
implementing urban erosion, sediment control, and storm water management programs. The
book is available for purchase ($10 for Storm Water Phase II communities, $27 for others) using
an order form that can be downloaded at http://www.naco.org/Template.cfm?Section=
Publications&Template=/cffiles/pubs/publications.cfim&PubCat=EPP.

The Southeast Michigan Council of Governments (SEMCOQG) is a regional planning partnership
that supports local planning efforts through technical support, the facilitation of
intergovernmental coordination, and the adoption of region-wide plans and policies. SEMCOG
partnered with six local communities to assemble a workbook, Opportunities for Water Resource
Protection in Local Plans, Ordinances, and Programs: A Workbook for Local Governments,
which provides guidance on planning to protect water resources. SEMCOG’s approach is not
prescriptive, but rather provides various options for planners, outlining key programmatic and
regulatory components for a range of watershed protection approaches. The workbook
emphasizes the need to address the protection of water resources through planning and
prevention, and is meant to serve as a basis for local governments to customize their individual
plans based on the needs and resources of the community. The book is available for download at
http://www.stormwater.ucf.edu/publications/urban_runoff.pdf.
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MANAGEMENT MEASURE 2
WATERSHED ASSESSMENT

2.1 Management Measure

Develop and implement a watershed assessment program to:
— Characterize watershed conditions

— Establish a set of watershed indicators

2.2 Management Measure Description and Selection

2.2.1 Description

Watershed assessment and monitoring are tools used to characterize water quality and to identify
trends in water quality over time (USEPA, 1998c). This management measure describes
methods that can be used to determine the health of water bodies by using watershed indicators
that measure physical, chemical, and biological conditions.

2.2.2 Management Measure Selection
2.2.2.1 Overview

Watershed assessment is a critical component of a watershed-based approach to managing
receiving waters. Watershed assessment is needed to develop both protection and restoration
strategies, identify priorities, and adjust management prescriptions based on trend analyses.

Both rapid and extensive assessments can be performed to determine water body status and
trends. Numerous metrics, such as EPA’s Rapid Bioassessment Protocols for Use in Wadeable
Streams and Rivers: Periphyton, Benthic Macroinvertebrates, and Fish; Lake and Reservoir
Bioassessment and Biocriteria; and Estuarine and Coastal Marine Waters:Bioassessment and
Biocriteria Guidance, are available for determining water body status. In general, the objectives,
available funding, and expertise of the assessors will determine the level of assessment
conducted.

An assessment and monitoring program is important for effective watershed management
because it provides a basis for decisions and actions, and allows managers to continually reassess
progress and redefine goals and priorities. Monitoring enables water quality managers to
identify existing or emerging problems. Monitoring also facilitates responses to emergencies
such as spills and floods, and helps water quality managers target specific pollution prevention or
remediation programs to address these problems. Assessment and monitoring can be used to
determine whether program goals, such as compliance with pollution regulations and
implementation of effective pollution control actions, are being met. Monitoring programs
should be established based on indicators of human health and aquatic life. A large number of
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documents and case studies are available to use as resources (see Information Resources at the
end of this chapter).

2.2.2.2 Examples of monitoring and assessment programs and methodologies

State pollution control agencies, Indian tribes, local governments, and federal agencies typically
are responsible for watershed assessment and monitoring activities. These entities monitor water
quality and identify waters and watersheds that do not meet clean water goals through various
programs, which include the following:

— Unified Watershed Assessments (UWAs), developed by states in 1999 to assess the
health of watersheds and identify watersheds in need of restoration (i.e., watersheds that
do not currently meet clean water and other natural resource goals). UWAs also identified
watersheds that need preventive action to sustain water quality using ongoing state, tribal,
and federal programs, as well as pristine or sensitive watersheds on federal lands that
need an extra measure of protection. The results of these assessments can be obtained
from state environmental protection departments.

— Water Quality Reporting Program, established under CWA section 305(b), which
mandates the collection of water quality information and reporting on the condition of
waters every two years.

— 303(d) program, established under CWA section 303(d), which mandates the use of
monitoring and other water quality information to develop lists of waters that do not meet
water quality standards.

— Nonpoint Source Program, established under CWA section 319, which involves
identifying waterbodies that are impaired by nonpoint sources.

— Source Water Protection Program, established under the Safe Drinking Water Act, which
involves assessments of drinking water sources that form a basis for actions to protect
such sources.

— State Revolving Fund (SRF) Program, which involves developing and prioritizing clean
water projects.

— Federal Emergency Management Agency’s National Flood Insurance Program, which
involves conducting floodplain studies and developing mitigation plans.

— Marine pollution control programs, which include identification of coastal water quality
problem areas as part of efforts to reduce polluted runoff to coastal waters.

— Wetlands Program, which involves developing assessments of wetland areas that need
special attention or protection.

One example of a state assessment program comes from the Commonwealth of Pennsylvania.
The state’s Act 167 requires that watershed assessments consider the following objectives
(Pennsylvania DEP, 1999):
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— Implement nonpoint source pollutant removal methodologies
— Maintain ground water recharge

— Reduce channel erosion

— Manage overbank flood events

— Manage extreme flood events

The state established four subtasks to achieve these objectives:

— Determine the water quality design storm

— Determine the runoff capture design storm (recharge/retention)
— Establish streambank erosion requirements

— Establish overbank/extreme event requirements (release rates)

To accomplish these subtasks, Pennsylvania developed a process that will ultimately lead to the

development of standards for stream bank erosion, infiltration, water quality, overbank flooding,
and extreme storm events. The assessment fits into a larger framework for integrated watershed
resource management, which includes the following steps:

— Watershed assessment/prioritization

— Watershed evaluation

— Restoration/protection plan development

— Financial resources secured

— Restoration/protection plan implementation
— Results compared to goals

2.3 Management Practices

2.3.1 Characterize Watershed Conditions

2.3.1.1 Establish a reference condition

It is important to establish a reference that characterizes the relatively unimpaired condition of
the water body. The reference condition establishes a basis for making comparisons between
sites, and is essential for detecting impairment. Conversely, if a water body is found to be
impaired, it is important to have an understanding of natural background concentrations before
undergoing costly efforts to mitigate anthropogenic inputs.

There are two types of reference conditions—site-specific and regional. Site-specific reference
conditions are determined from one or more sites in a watershed or stream from a point where
discharges (nonpoint source, point source, or a combination) are occurring. Regional reference
conditions typically are established from a population of relatively unimpaired sites within a
relatively homogeneous region and habitat type. An ecoregional framework based on land
surface form, soil, potential natural vegetation, and land use has been developed by Omerink
(1987) to interpret spatial patterns in data (USEPA, 1999); these ecoregions can be used to help
develop a reference condition for a relatively homogeneous region. Regional reference
conditions are often preferable to site-specific conditions because they are more widely
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applicable, they produce a larger sample of unimpaired sites, and they allow more robust
statistical comparisons.

The U.S. Geological Survey (USGS) developed a model for determining ecoregional background
concentrations of nitrogen and phosphorus as a function of annual runoff, basin size, atmospheric
nitrogen deposition rate, and region-specific factors. Background total nitrogen (TN)
concentrations ranged from 0.02 mg/L in the western United States to more than 0.5 mg/L in the
southeastern United States. Background total phosphorus concentrations ranged from less than
0.0006 mg/L in the western United States to more than 0.08 mg/L in the Great Plains (Smith et
al., 2003).

2.3.1.2 Model pollutant sources and loads

Watershed managers can use models to estimate storm water pollutant loads in receiving
waterbodies. Modeling of pollutant loadings can help watershed managers target specific areas
for nonpoint source control. More specifically, runoff models can accomplish one or more of the
following:

— Simulate the generation and movement of water and pollutants from their point of origin
to a place of treatment or disposal into receiving waters

— Perform frequency analyses on water quality parameters to determine the return periods
of concentrations or loads

— Provide input for an analysis of receiving water quality

— Determine the relative effects of pollution control options

— Determine optimal locations and combinations of management practices
— Provide input to cost-benefit analyses

Selecting the model that is most appropriate to fulfill watershed management goals requires
careful consideration of trade-offs with respect to level of detail, data requirements, cost, and
accuracy. For example, a high level of detail requires a more complex model. Data
requirements are also important: a complex model might require more data than one has or is
willing to collect. Sometimes published data can be substituted for field-collected data. The
advantage of using published data is avoidance of costly, labor-intensive fieldwork. A major
data source is the USEPA National Urban Runoff Program (NURP) database, which contains
concentration values measured for 30 cities (USEPA, 1983). Information generally required for
models includes the following:

Quantity Parameters

— Rainfall information
— Catchment area
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— Imperviousness
— Runoff coefficient

Quality Parameters

— Constant concentrations (event mean concentrations or EMCs)
— Constituent median and coefficient of variation (CV)

— Regression relationships

— Buildup and wash-off parameters

Calibration/Verification Parameters

— Measured rainfall
— Measured runoff
— Water quality samples

While model calibration is beneficial, models generally used for watershed assessments do not
strictly require calibration and precision to determine compliance with permit requirements or
Clean Water Act requirements. Therefore, these models can be simpler and less expensive,
while still providing watershed managers with information on pollutant loadings and sources.

Another consideration when choosing a model is its reputation. Watershed managers should
become familiar with the model’s concepts, assumptions, and limitations, as well as the
experiences of other users. In choosing the most appropriate model, watershed managers should:

— Use the simplest model that will satisfy the project’s objectives

— Use a model that is consistent with available data

— Predict only the water quality parameters of interest

— Make predictions over the broadest time scale that will satisfy the objectives
— Become familiar with the characteristics and assumptions of the model

Using pollutant loading models has advantages and disadvantages. Measured data are preferable
to simulated data, especially when characterizing the magnitude of a pollution problem, because
accurate concentration values are important. Models cannot substitute for good field-sampling
programs, but they can be used to extrapolate and to augment field-sampling results.

To ensure quality results from a modeling effort, sensitivity analyses should be performed when
uncertainty exists regarding data quality or model assumptions. Also, if possible, models should
be calibrated and validated using measured values (field monitoring). This process is labor-
intensive and can add to the expense of the modeling effort, but it is worthwhile to ensure
accuracy when making management decisions.

A detailed description of water quality models of all types can be found in the Compendium of
Tools for Watershed Assessment and TMDL Development (USEPA, 1997a). In general,
watershed managers can choose from several different methodologies depending on the specific
goals of the modeling effort, including the following:
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Constant concentration or published yield values. This method involves calculating
loads as the product of the proportion of land area in a particular land use and the
published loading rates for that land use. A disadvantage is that the catchments from
which the published values are derived may not represent the catchment of interest.
However, the calculations are very simple and easy to use for general loading
assessments. Options include coupling constant concentrations with a hydrologic model
so that loading will vary with flow, or calculating a confidence interval for loading to
determine the level of uncertainty that can be tolerated before conclusions change. This
method might be robust enough to answer straightforward management questions despite
assumptions.

Unit loads. This method involves calculation of the mass of the pollutant of interest per
area of watershed per unit of time. It is site-specific (demographic and hydrologic factors
are important determinants) and is based on average runoff volume (not coupled to a
hydrologic model). Also, loading rates are variable and difficult to extrapolate from one
area to another. This is a relatively simple method that does not require a great deal of
data collection. Published values can be used at the expense of some accuracy.

Simple empirical model. This method uses spreadsheet calculations to combine
precipitation data with a runoff coefficient and land use-specific constant concentrations.
This method easily simulates a mixture of land uses, allowing the study area to extend
over a large area without compromising the quality of results. The model can quantify
relative contributions from different land uses, and can be expanded readily to
incorporate more complex calculations. The hydrologic modeling is very simple,
however, and the model does not necessarily work well for short-term predictions. Also,
using published constant concentrations in the model introduces errors; locally measured
concentrations would greatly improve the model’s performance.

Statistical method. The statistical method uses a derived, usually lognormal frequency
distribution of estimated mean concentrations (EMCs) of pollutants. This method is
useful for assessing the frequency of exceedance of water quality standards, but it has
weak hydrologic assumptions. The model can be coupled with stream flow, storage, and
treatment data to improve accuracy and estimate the effects of management practices on
water quality. Estimates can be improved by using measured EMC values rather than
published ones. EMCs can vary widely because of seasonal and watershed land use
variations, and might require at least one year and often two years of field verification to
be statistically significant.

Regression equations. Regression equations are published equations from the U.S.
Geological Survey (USGS) (Driver and Tasker, 1990) that relate loads and EMCs to
catchment, demographic, and hydrologic characteristics. They usually incorporate total
storm loads and runoff flows or volumes. They require neither preliminary estimates of
EMC:s nor local monitoring data, and standard errors are provided for a measure of
uncertainty. They are more or less accurate depending on the pollutant of interest and the
level of precipitation (arid vs. humid). The equations predict only the mean rather than a
frequency distribution of EMCs or loads, and they are subject to error when extrapolating
to conditions that are different from those used to derive the equations. A related
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approach uses rating curves to relate pollutant loads or EMCs to flow rates or volumes,
thereby allowing quantification of intra-storm variations in these measures.

— Buildup and washoff. This method is used to determine loadings by estimating the
buildup of pollutants during dry weather and estimating washoff during rainfall events.
This method quantifies intra-storm variations in pollutant loading and is good for
comparing the relative effects of management practices. However, processes of sediment
transport and erosion that are fundamental to this method are still poorly understood.
Moreover, this method requires averaging the extent of pollutant buildup on
heterogeneous urban surfaces. This averaging can result in erroneous predictions because
actual values vary widely over relatively small areas. Assumptions include linear buildup
and generic washoff coefficients that might or might not represent actual conditions.
Estimates can be improved by using local monitoring data such as site-specific buildup
and washoff estimates for model calibration.

— Mechanistic models. Mechanistic models contain hydrologic and water quality
components and use mathematical algorithms to represent the mechanisms that generate
and transport runoff and contaminants. They are the most comprehensive models in that
they incorporate many variables to produce the best estimations of the numerous
mechanisms that affect pollutant loading. However, they require substantial local data to
set and verify parameters, and they demand both skill and commitment from staff. Users
must ensure that the models are documented, supported, and proven through the
experience of other users. There are several commercially available mechanistic models,
including STORM by the U.S. Army Corps of Engineers and SWMM and HSPF by EPA.
(See Web references and resources below.)

The confounding factors for load estimation models are:
— Inputs from atmospheric deposition (H,SO4, NOs3, etc.)
— Ground water inputs
— Pervious surfaces that confound runoff estimates
— Sediment transport and erosion

— Pollutants adsorbed to solids. These pollutants, namely metals and organics, can be
estimated as a proportion of the total suspended solids concentration or annual load.

— Point sources in the watershed (e.g., industrial and commercial sources and publicly
owned treatment works)

All of these factors can be included in the surface runoff model at the expense of time and
simplicity and can improve the accuracy of loading estimates. Before they are included,
consideration should be given to the level of detail needed for the analysis.
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Application of a GIS Decision Support Tool to Urban Watershed Management in Fulton County,
Georgia

The high density of development in Sandy Springs, a suburban area northwest of Atlanta, reduces the
opportunities for new, areawide management practices such as regional detention ponds. Instead,
multiple on-site or local management practices are recommended. In response to the need for
developing storm water and water quality plans, a GIS application called LORELEI was developed
(Slawecki et al., no date). LORELEI allows users to rapidly develop and compare watershed
management alternatives for catchments with hundreds of management practices. It was developed
to

— Keep track of hundreds of candidate management practice sites.

— Develop management scenarios using different combinations of management practices.
— Evaluate the practices’ impact on water quality.

— Compare scenario results.

— Present the information to a wide range of people.

LORELEI provides decision support through data management, scenario development and evaluation,
and enhanced involvement in and understanding of the watershed management process. LORELEI
stores data about potential management practice locations and associated costs, practice types, and
effectiveness data, as well as standard geographic information such as natural features, watershed
delineations, and property ownership. Through scenario development, the program allows for rapid
selection of individual projects and entire categories of management practices to build various
scenarios. LORELEI then evaluates the scenarios to estimate and compare their costs and benefits.
Finally, with enhanced involvement and understanding, LORELEI uses GIS to give decision makers
an opportunity to participate directly in the watershed management process and to clearly understand
issues, components, and cost and benefit implications of different management scenarios. GIS
linkages allow for fine-tuning of the scenarios to determine the cost and performance effects of
different suggestions made by participants at public meetings.

2.3.1.3 Model receiving water quality

Receiving water quality models identify impacts from runoff inputs and help watershed
managers determine whether receiving waters meet water quality standards. Usually, computer
models are used because of the complexity of calculations. Models are available for streams,
lakes, reservoirs, estuaries, bays, and coastal segments. Most models couple quantity
(hydrodynamic) and quality parameters, but some consider these parameters separately.

A useful water resource impact model is the Long-Term Hydrologic Impact Assessment
(L-THIA), which was developed by Purdue University (2000) for land use planners to provide
site-specific estimates of changes in runoff, recharge, and nonpoint source pollution resulting
from past or proposed land use changes. The model uses regional climate data and user-provided
location, land use, and soil group data for up to three different scenarios (past, present, and
future). The results are in the form of tables, bar charts, and pie charts. The model is available at
http://danpatch.ecn.purdue.edu/~sprawl/LTHIA7.

The best sources of information for receiving water quality models are either government
agencies or product vendors. The following is a list of government agencies that can provide the
information needed to choose the most appropriate model:
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— USEPA Center for Exposure Assessment Modeling, Athens, Georgia

— US Army Corps of Engineers, Waterways Experiment Station, Vicksburg, Mississippi
— US Army Corps of Engineers, Hydrologic Engineering Center, Davis, California

— USGS, Reston, Virginia

— National Oceanic and Atmospheric Administration (NOAA), Silver Spring, Maryland—
estuaries and bays

— Tennessee Valley Authority (TVA), Knoxville, Tennessee—rivers and reservoirs

Additional guidance regarding load estimation and receiving water quality modeling is provided
in Compendium of Tools for Watershed Assessment and TMDL Development (USEPA, 1997a),
which supports the watershed approach by summarizing available techniques and models that
assess and predict physical, chemical, and biological conditions in water bodies. This document
is intended to provide watershed managers and other users with information helpful for selecting
models appropriate to their needs and resources. The Compendium includes information on the
following:

— A wide range of watershed-scale loading models
— Field-scale loading models

— Receiving water models, including eutrophication/water quality models, toxics models,
and hydrodynamic models

— Integrated modeling systems that, for example, link watershed-scale loading with
receiving water processes

— Ecological techniques and models that can be used to assess and/or predict the status of
habitat, single species, or biological communities

An additional modeling resource is Modeling of Nonpoint Source Water Quality in Urban and
Non-Urban Areas, which is a major nonpoint source model review effort published by EPA in
1991. It focuses on nonpoint source assessment procedures and modeling techniques for both
urban and non-urban land areas (Donigian and Huber, 1991). The report provides detailed
reviews of specific methodologies and models, as well as overview discussions and model
comparison tables. Simple procedures, such as regression and loading function approaches, are
also described in the report, along with complex models like SWMM, HSPF, STORM,
CREAMS/GLEAMS, SWRRB, AGNPS, and others. Brief case studies of modeling efforts are
summarized, with emphasis on the use of nonpoint and comprehensive watershed models for
watershed management activities. This publication can be found at
http://yosemite.epa.gov/water/owrccatalog.nsf/0/b28aec0464881785852561c700700b24?OpenD
ocument.
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EPA has assembled a Web site with information about and links to water quality models. This
site includes basic information, EPA-supported models, other federal government-supported
models, technical guidance for models, and model training and meetings. The Web site can be
accessed at http://www.epa.gov/waterscience/wqm/.

2.3.2 Assess Cumulative Effects

A watershed assessment should include an evaluation of cumulative effects, which are combined
effects of multiple activities over space or time. Such effects can be difficult to assess because a
large number of resources can be affected and often there are multiple pathways through which
these effects can occur. In addition, the appropriate spatial and temporal scales for the analysis
usually are uncertain. Because many environmental assessments do not take cumulative effects
into account, most likely because there is no explicit process for analyzing them, MacDonald
(2000) developed a conceptual process to guide their assessment and management. The process
is divided into three phases: the scoping phase, the analysis phase, and the implementation and
management phase. Within each phase are a group of interrelated steps that, if followed,
typically lead to a complete analysis of the cumulative effects on a watershed. The three phases
and their steps are shown in Figure 2.1.

2.3.3 Estimate the Effectiveness of Treatment Programs

A useful tool to estimate the effectiveness of treatment practices on water quality is the
Watershed Treatment Model (WTM), which was developed by the Center for Watershed
Protection (Caraco, 2001). The WTM is a simple model for rapidly assessing how various
management programs influence pollutant loadings and/or habitat quality in urban watersheds. It
incorporates many simplifying assumptions that allow watershed managers to assess various
programs and sources that are not typically tracked in more complex models. The WTM consists
of two basic components: pollutant sources and treatment options. The pollutant sources
component estimates the load from a watershed without treatment measures in place. It assesses
two broad categories of pollutant sources: primary land uses and secondary sources. The
treatment options component estimates the reduction in the uncontrolled load resulting from a
wide range of treatment measures. Treatment options are broadly defined in the model as storm
water treatment practices and storm water management programs. The most current version of
the WTM, version 3.0, can track sediment, nutrients, and bacteria. The WTM can be a useful
tool for managers who are analyzing the effectiveness of current watershed restoration programs,
preparing Total Maximum Daily Loads (TMDLs), or evaluating the watershed benefit of
National Pollutant Discharge Elimination System (NPDES) storm water programs. For more
information about the WTM, contact the Center by e-mailing center@cwp.org or visit their Web
site at http:// www.cwp.org.
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Indicators of Storm Water Program Effectiveness

The Hampton Roads Planning District Commission in Chesapeake, Virginia, has developed a
database to track and evaluate various indicators of the effectiveness of the storm water program. The
indicators fall into four basic categories: water quality, physical & hydrological, socioeconomic, and
programmatic. This database tracks the indicators as listed below (Hillegass, 2003):

Water quality: pollutant loadings for nutrients

Physical and hydrological: acres of open space land protected from development

Socioeconomic: inventory of public education efforts, such as number of publications produced
and distributed, Web site hits, media campaigns, stream cleanup activities

Programmatic: the following are programmatic indicators:

Number of approved erosion and sediment control plans and disturbed acreage
Number of inspections and enforcement actions for erosion and sediment controls
Number of citizen calls about flooding and drainage problems, and number of responses
Cost and number of flooding and drainage projects

Investigative and corrective actions for illicit discharge detection and elimination
Operation and maintenance activities

Number of approved site and subdivision plans, and acreage served

Number and type of BMPs installed, the number of acres served by each BMP, and
installation and maintenance information

Under the Phase Il Storm Water Rule, communities are required to go beyond chemical pollutant
monitoring to track the implementation of storm water management programs. This database can
serve as a useful tool in fulfilling this requirement and can be used as a model for the development of
varied indicators of program success (Hillegass, 2003).

2.3.4 Establish a Set of Watershed Indicators

Watershed indicators are monitoring parameters or techniques used to measure the effectiveness
of management practices in meeting watershed and subwatershed goals and objectives.
Indicators range from complex chemical or toxicity testing methods to simple public perception
surveys. Watershed managers can choose one or more of these indicators to better focus their
monitoring efforts. Regardless of the parameters or technique, to be effective, an indicator must
accomplish the following:

— Reflect a measurable attribute of a watershed goal or subwatershed management

objective

Be measured using scientifically valid protocols, quality controls, and assessment
techniques to ensure that results are replicable, consistent, compatible with other data
collection efforts, and statistically valid

Be measured at one or more locations that will adequately characterize “typical”
conditions in the management unit and establish reference conditions against which
future data comparisons can be made

2-12




Management Measure 2: Watershed Assessment

— Be monitored over a long enough period to establish observable trends

— Be compatible with available finances, personnel, and other resources. The cost of
implementing the watershed indicator is an important consideration.

The Center for Watershed Protection and EPA published a reference to help municipalities select
a suite of indicators that will most effectively measure conditions in their watershed (Claytor and
Brown, 1996). This publication, Environmental Indicators to Assess Stormwater Control
Programs and Practices, presents profiles with information such as advantages, disadvantages,
cost, and applicability for 26 indicators, which include water quality, physical/hydrological,
biological, social, programmatic, and site indicators. The document is available online at
http://www.cwp.org.

2.3.5 Establish Water Quality Indicators

Conduct water quality monitoring. This type of monitoring involves measuring pollutants in
both runoff and baseflow conditions. The most commonly measured constituents are oxygen
demand, nutrients, metals, pH, temperature, flow or discharge, solids (e.g., total suspended solids
or turbidity), fecal coliform, and a measure of oil and hydrocarbons (e.g., total petroleum
hydrocarbons [TPH] or polycyclic aromatic hydrocarbons [PAHs]). Measurements can be taken
at management facilities or in receiving waters. This method allows for the identification of
trends in water quality over time and can identify areas that are degraded relative to low-impact
reference sites. Changes in water quality that result from changes in land use or from the
implementation of management practices can be detected to prioritize future conservation or
restoration efforts. The specific constituents found in receiving waters can aid in identifying the
source of the pollution problem and help target management practices effectively. The
methodology for water quality monitoring is well-outlined in specific protocols, and results are
quantitative and easy to present and compare to other monitoring databases. However, the
monitoring effort must be long-term because of the high variability in constituent concentrations,
and it might be expensive because of labor requirements or equipment costs for automation.
Volunteer monitoring programs can reduce some of the expense of monitoring while providing
the additional benefit of educating the public. EPA’s Volunteer Monitoring Web site has more
information about volunteer monitoring (http://www.epa.gov/owow/monitoring/volunteer).

(1) Conduct toxicity testing. These methods, often called whole effluent toxicity (WET) tests,
involve exposing standardized freshwater, marine, and estuarine vertebrates, invertebrates,
and plants to water samples to directly measure the adverse effects of effluents. Both acute
and short-term chronic effects can be assessed. The test organisms can be either resident
species or species that will be restocked or reintroduced. Toxicity reduction evaluation
(TRE) can be used to identify the agent of toxicity, which helps to identify the pollutant
source and indicates which management practices would be appropriate to treat the problem.
Although this method allows managers to distinguish among a range of conditions and
chemicals, species’ responses vary substantially with respect to the choice of species,
location (laboratory or in situ), and duration of the test. Also, chronic toxic effects, which
may take a long time to manifest, are not measured with this type of testing. The TRE
process can be expensive and is often used to specifically identify pollutants when receiving
waters have previously been identified as impaired through other, less-expensive methods.
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More information on WET methods is available at http:// www.epa.gov/OST/WET.
Descriptions and guidance on other analytical methods are provided at
http://www.epa.gov/ost/methods (USEPA, 2000d).

(2) Measure the frequency at which water quality standards are exceeded. This method is
usually based on chemical standards and can be derived from existing data or as part of the
biennial 305(b) reporting process. It can identify long-term trends in water quality, storm
water impacts, and the effectiveness of management practices. However, because the ability
to detect exceedances is highly dependent on the frequency and timing of sample collection,
brief periods of exceedance might be missed (during storm flow) and long-term conditions
inaccurately represented. Also, exceedance frequencies provide little information about
causes and sources of pollution. Costs associated with this method are minimal because data
are usually collected through other programs. Guidance and information on EPA and state
water quality standards and criteria can be found at http://www.epa.gov/ost/standards
(USEPA, 2001c).

(3) Determine sediment pollutant levels. This type of monitoring involves the determination of
pollutant load carried by sediments and deposited in slow-moving receiving waters. Analysis
is usually conducted using spectrophotometry and chromatographic tests of samples from
natural or artificial water bodies. The extent of toxicity in sediments can be determined by
comparing sample results to reference samples that are known to be relatively unimpacted.
Measured pollutant levels can also be compared to existing standards for typical
contaminants in sediment (USEPA, 2000d). Using sediment contamination as an indicator of
water quality is often confounded by uncertainty related to levels of concern and long-term
impacts, the inability to identify pollutant sources, and lag time between discharge and
settling. However, long-term trends in sediment pollutant loading can be detected if
monitoring is conducted over a long period.

(4) Measure microbial contamination. This type of monitoring involves measuring
concentrations of microbes such as fecal coliform or Escherichia coli to ascertain the
probable presence of pathogens in the water column. These pathogens result in the closure of
beaches, fishing areas, and shellfish beds. Tracking the frequency of such closures may
indicate contamination in effluent from industrial or municipal facilities or septic systems, or
runoff from agricultural areas. In areas where no treatment facilities or septic systems are
present, runoff can be identified as the main source of pathogens. Measuring microbe
concentrations can help determine the effectiveness of management practices in removing
this type of contamination from receiving waters.

Trends in beach or shellfish closures over time may indicate a developing problem if high
concentrations or counts become more frequent, or they may demonstrate the effectiveness of
management efforts if decreasing trends occur. However, many of the bacteria measured
have a variety of nonhuman sources, making it difficult to identify the source of the

pollution. In addition, they are short-lived in the water column, so depending on when
samples are collected, the occurrence of high bacterial concentrations may not be detected
even though they are present at certain times (e.g., during storm flows).
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Bacterial source tracking refers to a family of methods that can be used to distinguish among
sources of fecal contamination and can aid in tracking illicit discharges to storm sewer
systems. Bacterial source tracking requires development of a database of known sources
against which samples can be compared (Zhang et al., 2003). The methods can be molecular
(e.g. DNA fingerprinting, or more specifically, ribotyping, pulsed-field gel electrophoresis
[PFGE], polymerase chain reaction, terminal restriction fragment length polymorphism) or
non-molecular. Non-molecular procedures can be biochemical (e.g., antibiotic resistance
analysis, carbon utilization, F-specific coliphage typing, cell wall fatty acid methyl ester) or
chemical (e.g., caffeine detection, optical brightener detection). In general, molecular
methods can offer the most precise identification of specific types of sources, but they also
have the highest unit costs and the most time-consuming procedures. Biochemical
procedures are simpler, less expensive, and faster, and allow a larger number of samples to
be analyzed in a shorter period of time (USEPA, 2002). The technology in this subject area
is constantly evolving and new procedures and more refined methods may be available as
research progresses.

Zhang et al. (2003) described the use of the PFGE method of bacterial source tracking
analysis on E. coli samples from Four Mile Run in Northern Virginia, which is a highly
urbanized watershed with approximately 40 percent impervious surface. Four Mile Run is
impaired due to bacterial contamination and has a TMDL in place to control bacterial
sources. The PFGE analysis identified that waterfowl contribute 38 percent of the bacteria,
humans and pets (combined) accounted for 26 percent, and raccoons contributed 25 percent.
Deer (9 percent) and rats (11 percent) also contributed bacteria to Four Mile Run.

DNA testing is an expensive but effective molecular method for identifying the primary
animal or animals (human, duck, dog, etc.) that contribute microbes to the water column.
More information about bacterial source tracking can be found in a two-part article in
Stormwater available at http://www.forester.net/sw_0105_detecting.html (Hager, 2001).

Antibiotic resistance analysis (ARA) is the most commonly used non-molecular method for
tracking sources of bacteria. ARA is used to distinguish among sources by looking at
patterns of antibiotic resistance found in bacteria from human and animal sources. Fecal
bacteria from humans can exhibit greater resistance to certain antibiotics than bacteria from
wildlife feces (Hager, 2001; USEPA, 2002). However, this method may be confounded by
the presence of bacteria from agricultural operations such as feedlots or poultry operations
where antibiotics are used.

EPA’s Office of Research and Development’s National Risk Management Research
Laboratory (NRMRL) is working to develop an integrated system for screening fecal bacteria
contamination from various animal sources. NRMRL is working to match the best molecular
method to its target bacteria for rapid screening and identification of sources of fecal
contamination in watersheds (Simpson, 2003).

(5) Measure nonpoint source loadings. 1t is possible to estimate the amount of pollutants
transported in storm water runoff from various land uses by using empirical monitoring data,
land use imperviousness and cover, area, and rainfall volume. Modeling of pollutant loads
can establish baselines that can be used to determine whether changes have occurred as a
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Maryland’s Environmental Indicators

The state of Maryland has compiled several indicators to characterize environmental quality (MDE,
1999). These indicators embody a range of environmental attributes, from air quality to drinking water
quality to public understanding and community support. The Non-Tidal Aquatic Systems category, which
encompasses the range of plants and animals found in free-flowing rivers, streams, lakes, and most
wetlands, includes several indicators that appropriately address Maryland’s habitat and land uses and
include physical, chemical, and biological measures:

— Miles of Streams Degraded by Abandoned Mine Drainage.

— Stream Miles Open to Migratory Fish.

— Physical Habitat Index (Non-Tidal).

— Benthic Macroinvertebrate Index of Biotic Integrity (Non-Tidal).
— Fish Index of Biotic Integrity (Non-Tidal).

— Riparian Forest Buffers.

The biological indicators consider communities of living organisms as found throughout the water column
rather than any individual species, and their values reflect the physical and chemical water quality
conditions described by other indicators. The Riparian Forest Buffers indicator was chosen because of
its importance to physical and chemical habitat and its contribution in cycling nutrients to aquatic species
and because a statewide benchmark had already been established through the Chesapeake Bay
Program. More information on Maryland’s environmental indicators is available at
http://www.mde.state.md.us/enpa/ 2000 _enpa/envi_indicators.

result of land use changes or implementation of management practices. Loadings can be
calculated for small-scale studies using the Simple Method as described in Controlling
Urban Runoff: A Practical Manual for Planning and Designing Urban BMPs (Schueler,
1987), which is available for purchase at http://www.mwcog.org. Alternatively, several
computer simulation models are available to model changes in nonpoint source loads under
different scenarios.

Another source of information for estimating pollutant releases is the Healthy Community
Environmental Mapping program, called HUD E-MAPS (HUD and USEPA, 2000). HUD
E-MAPS, which was developed by the Department of Housing and Urban Development
(HUD) and EPA, combines EPA environmental data with information on HUD’s community
development and housing programs. The program provides location, type, and performance
information on HUD-funded activities throughout the country, and select EPA pollution
release information. The maps help communities to plan by allowing them to identify areas
of pollutant releases when planning economic development and housing projects. The HUD
E-MAPS program can be accessed at http://www.hud.gov/emaps.

2.3.6 Establish Physical and Hydrological Indicators

EPA’s Rapid Bioassessment Protocols for Use in Wadeable Streams and Rivers (USEPA, 1999)
and Volunteer Stream Monitoring: A Methods Manual (USEPA, 1997¢) provide guidance on
how to conduct assessments of a water body’s physical, habitat, and hydrological characteristics.
Both documents are available on the Internet: the former can be found at
http://www.epa.gov/owow/monitoring/rbp, and the latter is located at
http://www.epa.gov/owow/monitoring/volunteer/stream.
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EPA also provides guidance for lake and reservoir monitoring in Lake and Reservoir
Bioassessment and Biocriteria (USEPA, 1998b), which is available at
http://www.epa.gov/owow/monitoring/tech/lakes.html. Monitoring guidance for estuarine and
coastal marine waters can be found in Estuarine and Coastal Marine Waters: Bioassessment and
Biocriteria Guidance (USEPA, 2000a), located at
http://www.epa.gov/ost/biocriteria/States/estuaries/estuaries 1 .html.

Additional monitoring guidance can also be obtained from EPA’s Environmental Monitoring and
Assessment Program (EMAP), a research program designed to develop the necessary tools for
monitoring and assessing the nation’s ecological resources. The objective of the program is to
guide national monitoring initiatives and activities with improved scientific understanding of
ecosystem integrity and dynamics. Information about the EMAP program is available at
http://www.epa.gov/emap.

Methods for characterizing streams are contained in Applied River Morphology (Rosgen, 1996).
Rosgen discusses geomorphic characterization of streams, which helps to differentiate between

degraded and stable stream systems. This book also contains methods used to assess the current
conditions of a stream and the departure from its potential. The Bank Erodibility Hazard (BHI)

Rating Guide can be used to quickly determine bank erosion potential.

(1) Measure stream widening/downcutting. Measurements of stream width, depth, and bank
characteristics taken over time can be used to indicate changes in the magnitude and
frequency of storm flows caused by land use changes that affect stream geometry. Such
measurements are also useful in identifying stream segments that are especially susceptible to
erosion and areas where habitat is degraded to target areas for implementation of
management practices. Many stream channels are already modified, so baseline conditions
need to be established. This method cannot be used to predict changes, but it can help to
diagnose a problem after it has occurred. Booth (1994) presents excellent guidance for
conducting measurements of stream cross-sectional area.

(2) Conduct physical habitat monitoring. Monitoring of physical habitat is used to assess the
potential of the stream to support different kinds of biota. Parameters such as weather,
stream type and origin, land use, erosion, reach width and depth, canopy, proportion of
stream morphological type (pool, riffle, and run), and presence or absence of large woody
debris and aquatic vegetation can be measured easily and inexpensively and can provide
information about which taxa would likely be found in the stream without water quality
impacts (reference condition). If conducted over time, monitoring can provide information
about past, present, and future changes in channel morphology. Although this method
detects impacts from relatively low levels of development, it is not useful in pinpointing
sources of degradation, nor does it offer insight into other water quality impacts.

(3) Assess dry weather flows. This method is used to assess the impact of urbanization on base
flows, either as compared to a non-urbanized stream in the same ecoregion, or as a change
over time. Impacted streams in humid areas show decreased flow, whereas perennial streams
in arid regions show increased flow, as a result of urbanization. Evaluating pipe installations
and impervious surfaces in humid regions and water use in arid regions allows this method to
be used to identify causes of baseflow alteration. This method works well in conjunction
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with stream widening/downcutting studies. It cannot be used to distinguish between
urbanization and other causes of stream flow alteration such as irrigation, long-term drought,
and the like, unless these factors are taken into account explicitly. Also, it is difficult to
establish trends without extensive long-term data and knowledge about certain geologic
conditions.

Measure flooding. 1t is important to quantify changes in stream morphology over time
because alterations in stream size or shape or in floodplain boundaries indicate that
hydrologic changes have resulted from development in the watershed. These changes can be
identified by comparing historical floodplain records to current floodplain maps, called Flood
Hazard Boundary Maps (FHBMs). They are official maps issued by a community
administrator that detail the boundaries of the flood, mudslide, and related erosion areas
having special hazards that have been designated (FEMA, 2000). The maps can be obtained
from local community map repository sites, from the Federal Emergency Management
Agency (FEMA) online at http://msc.fema.gov, or through FEMA by phone, fax, or mail
from the Map Service Center, P.O. Box 1038, Jessup, Maryland 20794-1038; telephone 800-
358-9616; fax 800-358-9620.

Monitor stream temperature. This method identifies areas where stream temperature has
increased as a result of urbanization and loss of shading and buffers. Stream temperature can
be measured over time or compared to other, low-impact watersheds. This monitoring
method can be used to identify areas that would potentially benefit from riparian buffer
enhancement and to measure the effectiveness of management practices used to regulate
stream temperature. Changes in stream temperature can be an early warning sign that
sensitive species will be lost without intervention. Climatic conditions can cause variability
in stream temperature that is extraneous to trends caused by urbanization and can confound
analyses. In addition, in should be noted that some management practices, such as ponds and
wetlands, can result in increased temperature.

.7 Establish Biological Indicators

Bioassessments are useful for detecting aquatic life impairments and identifying the causative
agents and possible mitigation strategies. Additional bioassessments can indicate whether
mitigation was successful and can direct further management activities. Monitoring of biological
communities offers the following advantages:

— Biological communities reflect overall ecological integrity and directly relate to the
primary goal of the Clean Water Act.

— Biological communities integrate the effects of different stressors and provide a broad
measure of their aggregate impact.

— Biological communities provide an ecological measure of changes in environmental
conditions.
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Development and Evaluation of Ecosystem Indicators for Urbanizing Midwestern Watersheds

Researchers at Purdue University are undertaking a study to develop predictive indicators of
urbanization that are applicable to midwestern watersheds (Spacie et al., 2000). The objectives of this
study are as follows:

— Quantify impacts on hydrologic regimes, water quality, and habitat structure of stream
ecosystems using paired experimental watersheds.

— Develop linked models to accurately predict these impacts.

— Use the models to generate and test indicators of urbanization and hydrologic change with
respect to biological responses to these changes.

— Use these indicators with the models to assess biological responses to alternative
urbanization scenarios on larger scales.

Data from satellite imagery, intensive water quality and biological sampling, stream cross-section
measurements, and physical habitat assessments will be used to develop and test the models. A
dynamic hydrology model that can simulate cross-sectional averaged velocities, shear stress
velocities, and water depth variability during storm peaks has been developed. Functional biological
metrics and habitat quality indices will be correlated not only to land use but also to channel
morphometry and flow variability.

For more information contact Anne Spacie, Department of Forestry and Natural Resources, Purdue
University, 1159 Forestry Building, West Lafayette, Indiana 47907-1159; telephone 765-494-3621; e-
mail aspacie@purdue.edu.

— Routine biological monitoring is inexpensive compared to chemical monitoring and
toxicity tests.

— Biological monitoring is useful for evaluating impairment when criteria for specific
ambient impacts do not exist.

Bioassessments can include evaluation of fish populations, benthic macroinvertebrate
communities, periphyton, and single species monitoring. EPA’s Rapid Bioassessment Protocols
for Use in Wadeable Streams and Rivers (USEPA, 1999) contains descriptions of various
methods for each community type. EPA (2000b) also published the Stressor Identification
Guidance Document, which outlines a process to identify causes of biological impairment. The
stressor identification process is outlined in Figure 2.2 and includes three major steps: (1) listing
candidate causes of impairment; (2) analyzing new and existing data to generate evidence for
each candidate cause; and (3) producing a causal characterization with the evidence generated in
step 2 to draw conclusions about the stressors most likely to have caused the impairment. The
Stressor ldentification Guidance Document is available for download in PDF format at
http://www.epa.gov/waterscience/biocriteria/stressors/stressorid.html or can be ordered through
EPA’s National Service Center for Environmental Publications at
http://www.epa.gov/ncepihom/index.htm.
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Figure 2.2: Conceptual diagram of the stressor identification process (USEPA, 2000b).

The Biological Assessment of Wetlands Workgroup (BAWWG) (USEPA, 2001b) provides
information for establishing monitoring protocols for wetlands through its series of “state of the
science” reports. These reports include introductory modules on wetland bioassessments and
modules on specific methods, such as bioassessments for macroinvertebrates. Although the
reports do not provide specific prescriptive guidance, they summarize current knowledge and
provide options and recommendations to states for developing wetland bioassessment methods
and programs. The modules also point out limitations of current methods and identify research
needs. Information from BAWWG is available at
http://www.epa.gov/owow/wetlands/bawwg/index.html.

(1) Assess periphyton populations. Changes in periphyton or plankton community structure and
distribution patterns can indicate a water quality problem stemming from thermal pollution,
toxic chemicals, nutrients, and sedimentation. Because periphyton have a short life cycle,
they are especially good indicators of short-term impacts. Measurements of chlorophyll, a
chemical common to all periphyton, can also be used as an indicator of eutrophication.
Although there are several levels of sampling and analysis of periphyton populations, rapid
sampling can be relatively easy and inexpensive and has little impact on the ecosystem.
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Also, standardized methods (biomass, chlorophyll) can be used to analyze and interpret algal
communities without doing an extensive taxonomic evaluation, which requires specialized
training. One problem with these indicators is that plankton populations vary seasonally and
are highly transient, making them a poor indicator of site-specific conditions.

(2) Assess macroinvertebrate assemblages. Macroinvertebrates are relatively immobile and are
good indicators of site-specific effects. They have a short life cycle and therefore are good
indicators of short-term stress. Measurements of invertebrate populations are usually
compared to populations from a reference condition to determine the severity of pollutant
impacts. The presence or absence of particular species can be used to infer poor aquatic
integrity because macroinvertebrate assemblages typically cover a broad range of trophic
levels and pollution tolerances that allow interpretation of multiple effects.
Macroinvertebrate sampling has some drawbacks, including the fact that populations are
highly habitat-dependent and vary with season, stream flow, and region, which can confound
results. In addition, taxa identification requires training and can be complex and time-
consuming. Despite these drawbacks, volunteer monitoring programs can be used to collect
macroinvertebrate data. Both Rapid Bioassessment Protocols for Use in Wadeable Streams
and Rivers (USEPA, 1999) and Volunteer Stream Monitoring: A Methods Manual (USEPA,
1997c¢) provide guidance on how to conduct benthic macroinvertebrate assessments.

(3) Assess fish assemblages. Measurements of fish diversity, species richness, species pollutant
tolerance, disease prevalence, and a variety of other metrics can be used to identify the nature
and extent of a pollution or habitat problem. Measurements are taken in several different
habitats within the stream or other water body and are usually compared to a regional
reference condition to determine the extent of impairment. The methods can also be used to
evaluate the success of management practices. Because fish have a relatively long lifespan,
they often react to chronic levels of pollutants and long-term impacts. Fish are also easy to
collect and identify. However, fish populations are influenced by many other variables, such
as stream size, region, season, temperature, and flow conditions, that need to be taken into
account when analyzing the data. Also, fish that migrate may be affected by conditions in
another area that is not the area of interest. It is sometimes difficult to identify the source of
problems in fish populations because of the prevalence of confounding factors that make
interpretation of results difficult.

Biodiversity information on the Web via NatureServe

NatureServe, a nonprofit organization, partners with a network of natural heritage programs and
conservation data centers to conduct expert local biodiversity inventories and analyze the results both
nationally and internationally. Their Web site offers such data products as the NatureServe Explorer,
which compiles conservation data on more than 50,000 plants, animals, and ecological communities
in the United States and Canada. Users can search the database by any combination of name,
location, and conservation status. The Web site also links to online data resources available from
natural heritage programs and conservation data centers via the “Local Program Data” link.
NatureServe provides links to ecology, animal, and plant data for download and provides links to other
biodiversity resources on the Web. The NatureServe Web site can be accessed at
http://www.natureserve.org.
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(4) Assess single species indicators. Trout, salmon, and freshwater mussels are often used for
this type of assessment. Some species are popular with the public, and their popularity can
help in rallying support for better management. Measuring only one species is relatively
easy and inexpensive and might provide early diagnosis of degradation, which can facilitate
remediation efforts. However, natural population fluctuations in a single species can skew
results, and without corroborating evidence there is no way to prove conclusively that
degradation has occurred. It should be noted that focusing on protecting a single species may
decrease protection of other threatened species.

(5) Measure composite indicators. This method typically involves developing an index that
incorporates the results of several different bioindicators. Several metrics can be combined
into a single integrity index, such as the number of native fish species or the number of
intolerant macroinvertebrate taxa. Composite indicators provide a more comprehensive
evaluation of storm water impacts than fish, macroinvertebrate, or single species indicators
alone. Both long-term and short-term effects can be evaluated by using this type of metric.
As with the other biological methods, populations are dependent on region, season, and flow.
Reference site measurements are essential for valid comparisons when determining the extent
of storm water impacts. Note: other measurements may be needed to identify sources of
degradation.

2.3.8 Establish Programmatic Indicators

It is important to assess the effectiveness of a runoff management program. Claytor and Brown
(1996) present several programmatic indicators that can be used to estimate the success of a
management program and help to direct future efforts. These include:

— Number of illicit connections identified or corrected

— Number of management practices installed, inspected, and maintained
— Permitting and compliance

— Growth and development

Management Measure 12 discusses other ways to determine the effectiveness of runoff
management programs.

2.3.9 Develop a Suite of Social Indicators

Watershed managers can use several methods to gauge public perception of water quality issues
and nonpoint source programs. These “social indicators” include:

— Public attitude surveys

— Industrial/commercial pollution prevention
— Public involvement and monitoring

— User perception

More information about these indicators can be found in Environmental Indicators to Assess
Stormwater Control Programs and Practices (Claytor and Brown, 1996).
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2.4 Information Resources

USGS’s NAWQA Data Warehouse provides online access for invertebrate community data from
1,700 stream sites in more than 50 major river basins across the nation. Data from more than
5,000 invertebrate community samples that were collected from 1993 through 2002 can be found
here. The data warehouse also provides data on fish communities from more than 1,000 stream
locations, as well as data from thousands of water quality samples from approximately 6,400
stream sites, 7,000 wells, and streambed sediment and aquatic animal tissue. Samples have been
analyzed for a number of constituents. The NAWQA Data Warehouse can be accessed at
http://water.usgs.gov/nawqa/data.

The Caltrans Guidance Manual: Storm Water Monitoring Protocols (Caltrans, 2000a) provides
step-by-step descriptions of the processes used to plan and implement a successful water quality
monitoring program specific to runoff from transportation-related facilities. Although the
guidance manual emphasizes uniform policies and procedures for monitoring, the Statewide
Storm Water Management Plan (Caltrans, 2000b) describes minimum procedures and practices
Caltrans uses to reduce pollutants discharged from storm water drainage systems. These
documents, along with other storm water-related documents, can be downloaded in PDF format
http://www.dot.ca.gov/hg/env/stormwater/special/index.htm.

Donigan and Huber (1991), in Modeling of Nonpoint Source Water Quality in Urban and Non-
Urban Areas, reviewed nonpoint source assessment procedures and modeling techniques for
both urban and non-urban land areas. Detailed reviews of specific methodologies and models
are presented, along with overview discussions focusing on both urban and non-urban methods
and models. Brief case studies of ongoing and recently completed modeling efforts are
described and recommendations for nonpoint runoff quality modeling are presented. This
document can be ordered from the National Technical Information Service at www.ntis.gov or by
calling 800-553-6847.

EPA has assembled a Web site with information about and links to water quality models. This
site includes basic information, EPA-supported models, other federal government-supported
models, technical guidance for models, and model training and meetings. The Web site can be
accessed at http://www.epa.gov/waterscience/wqm/.

Patten et al. (2000) have undertaken a study to develop improved indicators and innovative
techniques for assessing and monitoring ecological integrity at the watershed level in the western
United States. Their objectives are to develop practical, scientifically valid indicators that span
multiple resource categories, are relatively scale-independent, address different levels of
biological organization, can be rapidly and cost-effectively monitored by remote sensing, and are
sensitive to a broad range of anthropogenic and natural environmental stressors. More
information about this project can be found at
http://es.epa.gov/ncer_abstracts/grants/99/ecological/patten.html (NCER, 2001).

Compendium of Tools for Watershed Assessment and TMDL Development (USEPA, 1997a)
supports the watershed approach by summarizing available techniques and models that assess
and predict physical, chemical, and biological conditions in water bodies. The publication
contains descriptions of three major categories of models: watershed loading, receiving water,
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and ecological. Watershed loading models can be used to simulate the generation and movement
of pollutants from the source to discharge into receiving waters. Receiving water models can be
used to simulate the movement and transformation of pollutants through lakes, streams, and
rivers. Ecological models can be used to simulate plant and animal communities and their
response to pollutants and habitat modification. This document is available through EPA’s
National Service Center for Environmental Publications at
http://www.epa.gov/ncepihom/index.htm.

EPA’s Monitoring Guidance for Determining the Effectiveness of Nonpoint Source Controls
(USEPA, 1997b) contains an overview of nonpoint source pollution and covers the development
of a monitoring plan, data analysis, quality assurance/quality control, and biological monitoring.
The manual was written to assist users in the design of water quality monitoring programs to
assess both impacts from nonpoint source pollution and the effectiveness of control practices and
management measures. It is available through EPA’s National Service Center for Environmental
Publications at http://www.epa.gov/ncepihom/index.htm.

Volunteer Stream Monitoring (USEPA, 1997¢) serves as a tool for program managers who want
to launch a new stream monitoring program or enhance an existing program. It contains methods
that have been adapted from those used successfully by existing volunteer programs. The
guidance is available in HTML and PDF formats at
http://www.epa.gov/owow/monitoring/volunteer/stream.

The Lake and Reservoir Bioassessment and Biocriteria (USEPA, 1998b) guidance was
developed through the experience of existing state, regional, and national lake monitoring
programs and is oriented toward practical decision-making rather than research. Its primary
target audiences are state and tribal natural resource agencies. It is intended to provide managers
and field biologists with functional methods and approaches that will facilitate the
implementation of viable lake bioassessment and biocriteria programs that meet their needs and
resources. The document can be obtained in HTML format at
http://www.epa.gov/owow/monitoring/tech/lakes.html.

Rapid Bioassessment Protocols for Use in Wadeable Streams and Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish (USEPA, 1999) is a practical technical reference for conducting
cost-effective biological assessments of lotic systems. This guidance is intended to provide basic,
cost-effective biological methods for states, tribes, and local agencies that: (1) have no
established bioassessment procedures; (2) are looking for alternative methodologies; or (3) may
need to supplement their existing programs (not supersede other bioassessment approaches that
have already been successfully implemented). The scope of this guidance is considered
applicable to a range of planning and management purposes, i.e., the methods may be
appropriate for priority-setting, point and nonpoint source evaluations, use-attainability analyses,
and trend monitoring, as well as initial screening. The guidance is available in HTML and PDF
formats at http://www.epa.gov/owow/monitoring/rbp.

The Estuarine and Coastal Marine Waters: Bioassessment and Biocriteria Guidance
(USEPA, 2000a) provides an extensive collection of methods and protocols for conducting
bioassessments in estuarine and coastal marine waters, as well as the procedures for deriving
biocriteria from the results. Several case studies illustrate the bioassessment process and
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biocriteria derivation procedures. This document can be downloaded in PDF format at
http://www.epa.gov/ost/biocriteria/States/estuaries/estuaries 1.html.

The Stressor Identification Guidance Document (USEPA, 2000b) leads water resource managers
through the process of stressor identification and evidence assembly. The guidance can be used
whenever biological impairment is present in an aquatic ecosystem and the cause is unknown.
The stressor identification process combines multiple methods to determine the causes of
impairment, and the methods are presented in order of the kinds of evidence used, from site-
specific to more general information. The Stressor Identification Guidance Document is
available in PDF format at http://www.epa.gov/waterscience/biocriteria/stressors/stressorid.html.

Techniques for Tracking, Evaluating, and Reporting the Implementation of Nonpoint Source
Control Measures: Urban (USEPA, 2000c) was written to assist local officials in focusing
limited resources by using statistical sampling methods to assess, inspect, or evaluate a
representative set of management practices, erosion and sediment controls, and onsite
wastewater treatment systems. The document can be downloaded in PDF format at
http://www.epa.gov/owow/nps/urban.pdf, or it can be ordered through EPA’s National Service
Center for Environmental Publications at http://www.epa.gov/ncepihom/index.htm.

EPA’s Web site titled “An Introduction to Water Quality Monitoring” contains a wide variety of
resources for those interested in learning more about water quality monitoring, automated data
management, and geographic information systems (USEPA, 2001). Many EPA guidance
documents, fact sheets, and final reports are available from this site, which can be accessed at
http://www.epa.gov/owow/monitoring/monitor.html.

EPA’s Web site, “Water Quality Criteria and Standards Plan” (USEPA, 1998d), describes six
new criteria and standards program initiatives that EPA and the states and tribes will take over
during the next decade. The plan presents a "vision" and strategy for meeting these important
new initiatives and improvements and will guide EPA, states, and tribes in developing and
implementing criteria and standards that provide a basis for enhancements to the TMDL
program, NPDES permitting, nonpoint source control, wetlands protection, and other water
resource management efforts. The Web site is located at
http://www.epa.gov/ost/standards/quality.html.

EPA’s Volunteer Monitoring Program provides technical assistance, serves as a regional contact
for volunteer programs, manages grants to state agencies that undergo volunteer water
monitoring and conduct public participation programs, and provides information exchange
services for volunteers. The program’s Web site
(http://www.epa.gov/owow/monitoring/volunteer) provides a link to a listserver is available for
volunteer monitoring program coordinators, as well as a national newsletter for volunteer
monitors, a directory of volunteer monitoring programs, and manuals on volunteer monitoring
methods and on planning and implementing volunteer programs.

EPA’s Watershed and Water Quality Modeling Technical Support Center provides information
and services to federal agencies, state and local governments, businesses, and individuals to help
support implementation of the Clean Water Act. Support includes reviewing proposed TMDLs,
providing oversight to TMDL development nationwide, serving as technical advisors, applying
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models for TMDL development, assisting in data acquisition and analysis, assisting in TMDL
implementation, analyzing BMP design and performance, and researching models for regulatory
applications. The center’s Web site can be accessed at
http://www.epa.gov/athens/wwqtsc/index.html.

The P8&—Urban Catchment Model by Walker (2000) is designed to predict the generation and
transport of runoff pollutants in urban watersheds. The model was developed to design and
evaluate runoff treatment control combinations in developments for pollutant removal efficiency.
The most recent version of this DOS-based program (Version 2.4, published in February 2000),
as well as data files and program documentation, is available for download from
http://wwwalker.net/p8.

A useful water resource impact model is the Long-Term Hydrologic Impact Assessment
(L-THIA), which was developed by Purdue University (2000) for land use planners to provide
site-specific estimates of changes in runoff, recharge, and nonpoint source pollution resulting
from past or proposed land use changes. The model uses regional climate data and user-provided
location, land use, and soil group data for up to three different scenarios (past, present, and
future). The results are in the form of tables, bar charts, and pie charts. The model is available at
http://danpatch.ecn.purdue.edu/~sprawl/LTHIA7.

Vermont’s Water Resources Board developed “A Scientifically Based Assessment and Adaptive
Management Approach to Stormwater Management” as an appendix to the Investigation into
Developing Cleanup Plans for Stormwater Impaired Waters (Docket No. INV-03-01). The
assessment paper describes a framework for identifying storm water runoff problems and
providing adaptive management to address controls for and treatment of runoff in problem areas.
The framework represents a balance of the interests of many diverse constituents, focusing on
surface water impairments and improvements to identify problems due to runoff and
improvements due to runoff controls. The report, part of the Vermont Water Resources Board’s
Stormwater Docket, can be accessed at http://www.state.vt.us/wtrboard/docs/inv-03-

Olreport.pdf.

NatureServe, a nonprofit organization, partners with a network of natural heritage programs and
conservation data centers to conduct expert local biodiversity inventories and analyze the results
both nationally and internationally. Its Web site offers such data resources as the NatureServe
Explorer, which compiles conservation data on more than 50,000 plants, animals, and ecological
communities in the United States and Canada. Users can search the database by any combination
of name, location, and conservation status. The Web site also connects to online data resources
available from natural heritage programs and conservation data centers via the “Local Program
Data” link. NatureServe provides links to ecology, animal, and plant data for download and to
other biodiversity resources on the Web. The NatureServe Web site can be accessed at
http://www.natureserve.org.
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MANAGEMENT MEASURE 3
WATERSHED PROTECTION

3.1 Management Measure

Develop a watershed protection program to:
— Avoid development of areas that are particularly susceptible to erosion and sediment loss.

— Preserve areas that provide important water quality benefits and/or are necessary to
maintain riparian vegetation and aquatic biota.

— Site development projects, including roads, highways, and bridges, to protect the natural
integrity of water bodies and natural drainage systems.

3.2 Management Measure Description and Selection

3.2.1 Description

The purpose of this management measure is to reduce the generation of nonpoint source
pollutants and to mitigate the impacts of urban runoff and associated pollutants from new
development and redevelopment, including the construction of new and relocated roads,
highways, and bridges. It is intended to provide general goals for local agencies and urban
communities in developing comprehensive programs for guiding future development and land
use activities in a manner that will prevent and mitigate the effects of nonpoint source pollution.

Although the goals of this management measure and Management Measure 4 (Site
Development) are similar, this measure is intended to apply to larger watersheds or regional
drainage basins rather than individual sites. The watershed protection and site development
management measures are intended to be complementary. They can be used together with the
other management measures in a comprehensive framework to control runoff and reduce
nonpoint source pollution. (See Chapter 1 for a description of the runoff management program
framework.)

Comprehensive planning is an effective nonstructural tool to control nonpoint source pollution.
Where possible, growth should be directed toward areas where it can be sustained with minimal
impact on the natural environment (Meeks, 1990). Poorly planned growth and development have
the potential to degrade and destroy natural drainage systems and surface waters (Mantel et al.,
1990). By making proper planning and zoning decisions, water quality managers can direct
development and land disturbance away from areas that drain to sensitive waters. Land use
designations and zoning laws can also be used to protect environmentally sensitive areas such as
riparian corridors and wetlands.

3-1



National Management Measures Guidance to Control Nonpoint Source Pollution from Urban Areas

Riparian buffers and wetlands can have the benefit of providing long-term pollutant removal
capabilities without the comparatively high costs usually associated with constructing and
maintaining structural controls. Conservation or preservation of these areas is important to
protect the water quality of streams, wetlands, lakes, and reservoirs. Land acquisition programs
help to preserve areas considered critical to maintaining surface water quality. Adequate buffer
strips along streambanks provide protection for stream ecosystems, help stabilize the stream, and
can prevent streambank erosion (Holler, 1989). Buffer strips can also protect and maintain near-
stream vegetation that attenuates the release of sediment into stream channels. Levels of
suspended solids have been shown to increase at a slower rate in stream channel sections with
well-developed riparian vegetation (Holler, 1989).

3.2.2 Management Measure Selection

This measure was selected for several reasons. First, watershed protection is a technique that
provides long-term water quality benefits, and many states and local communities have adopted
this practice. Numerous state and local governments have already legislated and implemented
detailed watershed planning programs that are consistent with this management measure. For
example, Oregon, New Jersey, Delaware, and Florida have passed legislation that requires
county and municipal governments to adopt comprehensive plans, including requirements to
direct future development away from sensitive areas. Many municipalities and regions have
adopted land use and growth controls, including the towns of Amherst and Norwood and the
Cape Cod region of Massachusetts; Narragansett, Rhode Island; King County, Washington; and
many others.

Second, there is general recognition that the protection of sensitive areas and areas that provide
water quality benefits is integral to maintaining or minimizing the impacts of development on
receiving waters and associated habitat. Without a comprehensive planning approach that
includes the use of riparian buffers, open space, bioretention, and structural controls to maintain
the predevelopment hydrologic characteristics of the site, significant water quality and habitat
impacts are likely. The experience of communities across the country has shown that the use of
structural controls without adequate local land use planning and zoning often does not
adequately protect water quality and might even cause detrimental effects such as increased
temperature.

Third, this measure is effective in producing long-term water quality benefits without the high
operation and maintenance costs associated with structural controls. The Michigan Department
of Environmental Quality (no date) compared the costs of two nonpoint source projects. One
involved preserving an urbanizing watershed, and the other entailed restoring an urban
watershed. Table 3.1 is a side-by-side cost comparison demonstrating that it is generally less
costly to protect high-quality streams than to restore them.
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Table 3.1: Cost comparison of stream preservation vs. stream restoration (Michigan
Department of Environmental Quality, no date).

Bear Creek York Creek
Type of nonpoint source project Preservation Restoration
Setting Grand Rapids, MI, area stream | Grand Rapids, MI, area stream
Size 20,096 acres 2,110 acres
Level of urbanization 9.5% (1991) 19% (1993)
Stream category High-quality trout stream Former trout stream
Storm water ordinance $10,000 $10,000
Decision-making GIS $10,000 $10,000
Information/education program $100,000 $80,000
Streambank stabilization $15,000 $130,000
Storm water basin retrofits — $180,000
Additional storm water basins — $75,000
Othe.r practices (hab.ltat improvement, $75.000 $190,000
repairing road crossings, etc.)
Total cost $210,000" $675,000

Total cost does not take into account the purchase cost or opportunity cost for not developing the land

3.3 Management Practices

A comprehensive watershed approach requires constant adjustments based on development
patterns, population increases, changing land uses, the state of the resources, and the institutional
capacity of the community to manage its resources. The practices listed below provide an
overview of the approaches communities around the country are adopting or experimenting with
to protect their water resources in a cost-effective way.

3.3.1 Resource Inventory and Information Analysis

Before a comprehensive program can be developed, communities should define the watershed
boundaries, target areas, and pollutants of concern, and conduct resource inventory and
information analysis. These activities can be done by using the best available information or
collecting primary data, depending on funding availability and the quality of available data.
Activities pursued under this process include assessment of ground water and surface water
hydrology; evaluation of soil type and ground cover; identification of areas with water quality
impairments; and identification of environmentally sensitive areas, such as steep or erodible
uplands, wetlands, riparian areas, floodplains, aquifer recharge areas, drainageways, and unique
geologic formations. Once environmentally sensitive areas are identified, those that are integral
to the protection of surface waters and the prevention of nonpoint source pollution can be
protected.

The City of Virginia Beach, Virginia, conducted a three-phase inventory of natural areas to help
planners and public officials develop practices for resource protection. The data collection phase
cost $13,867 (1991 dollars); the field inventory (Phase II), cost $54,624; and Phase III,
preparation of a final report, cost $15,255 (Jenkins, 1991).

Richmond County, Virginia, developed the Richmond County Resource Information System
(RIS) to provide a basis for responsible planning and development of shoreline areas. The
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Watershed Approach to Storm Water and Flood Management

The Planning Department of Delaware County, New York, is leading the effort to develop long-term
solutions to water quality impairment from urban runoff. The county’s Stormwater and Flood
Management program uses a two-phase approach: (1) inventorying and assessing sources of urban
runoff and storm water infrastructure, and (2) local implementation and municipal plan development.

The inventory and assessment component involves a detailed evaluation of point and nonpoint
sources of pollution in the Cannonsville Basin. Locations of potential sources were documented using
a Global Positioning System and site characteristics such as soil type and land use were recorded. A
GIS database was used to store this information along with existing infrastructure, topographic maps
,and planimetric maps.

The local implementation and municipal plan development component involves working with local
municipalities as part of its Town Planning Advisory Service (TPAS) to develop local initiatives for
water quality protection and to demonstrate the role of water quality in community economic
development. The municipal plans help local officials integrate wellhead protection into water quality
planning, prioritize management needs, establish maintenance programs, and incorporate runoff
management into capital planning (Delaware County Departments of Planning and Public Works,
2003).

compilation and mapping of resource information are part of the county's planning and zoning
program. In 1990, the program was supported by a $39,000 Federal Coastal Zone Management
Grant, $45,000 from the Chesapeake Bay Foundation through a Virginia Environmental
Endowment Grant, and $96,000 from the county's comprehensive plan budget (Jenkins, 1991).

3.3.1.1 Identify environmentally sensitive, critical conservation areas

The identification of environmentally sensitive areas, also referred to as critical conservation
areas, is an essential component of a watershed protection program. These areas need to be
identified to: (1) avoid developing areas susceptible to erosion and sediment loss; and

(2) preserve areas that provide important water quality benefits, such as wetlands, permeable
soils, forested buffers, and riparian areas. These types of lands are described in Table 3.2.
Inventories of these areas can be developed using wetland inventories, soil maps, maps of critical
habitat for endangered species, GIS tools, remote sensing, vegetative cover inventories/maps,
and forest inventories, among other sources.

GIS Mapping for Open Space and Water Resource Protection

The towns of Westford, Littleton, Chelmsford, and Boxborough, located in the Merrimack River
Watershed north of Boston, Massachusetts, are using GIS as a tool to guide efforts to protect critical
open space lands and aquifers. The effort is part of Massachusetts’ Community Preservation Initiative,
which helps local officials address the tradeoff between environmental planning issues, such as
habitat and watershed protection, and the growing needs of the community in terms of economic
development, housing, and transportation. GIS provides local officials with the capability of identifying
open space lands that are critical to protecting water resources and exploring the implications of
various build-out scenarios, land preservation strategies, land uses, and densities (NALGEP, 2003).
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Table 3.2: Types of lands that should be preserved for watershed protection (adapted from

Caraco et al., 1998).

Conservation Area

Description

Examples

Critical habitat

Essential spaces for plant
and animal communities or
populations

Tidal wetlands, freshwater wetlands, large forest
clumps, springs, spawning areas in streams, habitat for
rare or endangered species, potential restoration areas,
native vegetation areas, coves

Areas where land and water
interact

Floodplains, stream channels, springs and seeps, steep
slopes, small estuarine coves, littoral areas, stream
crossings, shorelines, riparian forest, caves, and
sinkholes

Undeveloped areas
responsible for maintaining
the predevelopment
hydrologic response of a
subwatershed

Forest, meadow, prairie, wetland, cropland, pasture, or
managed forest

Water pollution hazard

o

Source: Stapleton, 1999.

Any land use or activity
that is expected to create a
relatively high risk of water
pollution

Septic systems, landfills, hazardous water generators,
aboveground or underground tanks, impervious cover,
surface or subsurface discharge of wastewater effluent,
land application sites, storm water “hot spots,”
pesticide application, industrial discharges, and road
salt storage areas

Cultural and historic sites
-

Source: NPS, 2001.

Areas that provide a sense
of place in the landscape
and are important habitats
for people

Historic or archaeological sites, trails, parkland, scenic
views, water access, bridges, and recreational areas

3.3.1.2 Identify and protect drinking water sources

All drinking water sources, including surface and ground waters, should be considered for
protection, and unfiltered sources will require the most stringent protection. More than 200 cities,
towns, and tribes protect ground water public drinking water systems from contamination using a
variety of local government tools such as zoning, subdivision controls, and transfer of
development rights. The ordinances implementing these tools are varied and include measures
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such as regulating onsite wastewater treatment systems and limiting nitrogen loading within
wellhead protection areas (see section 1.3.1.2 in Management Measure 1, which describes
different types of ordinances, including source water protection ordinances). This section
introduces several tools to protect surface and ground water sources. Also, more information
about identifying and protecting drinking water sources can be found at EPA’s Office of Ground
Water and Drinking Water Web site at http://www.epa.gov/ogwdw.

(1

)

3)

Delineate a Source Water Protection Area. Delineation of a Source Water Protection Area
requires identifying the boundaries of the area from which drinking water supplies are drawn.
This information can be obtained from states, which are required to conduct an assessment of
all public water systems. These assessments include a delineation, contaminant inventory,
and susceptibility determination (see http://www.epa.gov/safewater/protect/swap.html for
more information about state Source Water Assessment Programs). Local governments may
choose to elaborate on the state's assessment before planning management activities.

Protect Sole Source Aquifers. Sole Source Aquifer (SSA) designations are one tool to protect
drinking water supplies in areas with few or no alternative sources. These areas are of special
significance because if contamination occurred, using an alternative source would be
prohibitively expensive. The designation protects an area’s ground water resource by
requiring EPA review of any proposed projects within the designated area that are receiving
federal financial assistance. All proposed projects receiving federal funds are subject to a
review to ensure they do not endanger the water source. Between January 1997 and January
1999, EPA reviewed 439 projects, 60 of which required modifications that were deemed
necessary to protect the Sole Source Aquifers. Examples of federally funded projects that
have been reviewed by EPA under the SSA protection program include highway
improvements and new road construction, public water supply wells and transmission lines,
wastewater treatment facilities, construction projects that involve disposal of storm water,
agricultural projects that involve management of animal waste, and projects funded through
Community Development Block Grants.

EPA has developed Memoranda of Understanding (MOU) with other agencies to help
establish review responsibilities under the Sole Source Aquifer Protection Program and to
clarify what types of projects should or should not be referred to EPA. If you have questions
about whether EPA needs to review a project in a particular Sole Source Aquifer, please
contact the Sole Source Aquifer Coordinator for your state or territory (see
http://www.epa.gov/safewater/swp/sumssa.html for lists and maps of Sole Source Aquifers in
each of the EPA regions along with contact information for Sole Source Aquifer
Coordinators).

Develop a local wellhead protection ordinance. Wellhead protection refers to implementing
pollution prevention and source controls to protect underground sources of drinking water.
The Safe Drinking Water Act requires that State Wellhead Protection Programs be approved
by EPA and incorporate delineation, contaminant source inventory, and source management.
Local governments can also develop local wellhead protection ordinances to further protect
drinking water supplies from contamination.
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(4) Purchase property or development rights. This practice is meant to guarantee community
control over the activities conducted on lands that contribute to aquifers or surface waters.
This may involve outright purchase of the land or just surface-use rights (see section 3.3.5 for
a discussion of land acquisition options). New funds from the Safe Drinking Water Act allow
land trusts and other local organizations to work with state agencies and water suppliers to
identify and acquire critical lands and conservation easements.

3.3.2 Development of Watershed Management Plan

The resource inventory and information analysis component provides the basis for a watershed
management plan, which is a comprehensive approach to addressing the needs of a watershed,
including land use, urban runoff control practices, pollutant reduction strategies, and pollution
prevention techniques.

For a watershed management plan to be effective, it should have measurable goals describing
desired outcomes and methods for achieving the goals. Goals, such as reducing pollutant loads to
surface water by 25 percent, can be articulated in a watershed management plan. Development
and implementation of urban runoff practices, both structural and nonstructural, can be
incorporated as methods for achieving the goal. The following describes the general steps for
developing a watershed management plan (Livingston and McCarron, 1992):

Delineate and map watershed boundaries and subbasins within the watershed.

Inventory and map natural runoff conveyance and storage systems.

Inventory and map the manmade storm water conveyance and storage system.

Inventory and map land use by subbasin.

Inventory and map detailed soils by subbasin.

AN AN I

Establish a clear understanding of water resources in the watershed. Analyze water
quality, sediment, and biological data. Analyze subjective information on problems such
as citizen complaints. Evaluate water body use impairment, including the frequency,
timing, and seasonality of the problem. Conduct a water quantity assessment (e.g., low
flows, seasonality).

7. Inventory pollution sources in the watershed, including point sources (location,
pollutants, loadings, flow capacity, etc.) and nonpoint sources (type, location, pollutants,
loading, etc.). Include a land use/loading rate analysis for storm water, a sanitary survey
for septic tanks, and dry weather flow monitoring to locate illicit discharges.

8. Identify and map future land use by subbasin. Conduct land use loading rate analyses to
assess potential effects of various land use scenarios.

9. Identify planned short-term (five years) and long-term (20 years) infrastructure
improvements. Runoff management deficiencies should be coordinated and scheduled
with other infrastructure or development projects.

10. Determine infrastructure and natural resource management needs within each watershed.
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11. Set resource management goals and objectives. Before corrective actions can be taken, a
resource management target must be set. The target can be defined in terms of water
quality standards, attainment of beneficial uses, or other local resource management
objectives.

12. Determine pollutant reduction for existing and future land uses needed to achieve water
quality goals.

13. Select appropriate management practices for both point and nonpoint sources that can be
used to achieve the goal. Evaluate pollutant removal effectiveness, landowner
acceptance, financial incentives and costs, availability of land operation and maintenance
needs, feasibility, and availability of technical assistance.

14. Develop a watershed management plan. Since the problems in each watershed will be
unique, each watershed management plan will be specific. However, all watershed plans
will include elements such as an existing and future land use plan; a master storm water
management plan that addresses existing and future needs; a wastewater management
plan, including septic tank maintenance programs; and an infrastructure and capital
improvements plan.

Development of a watershed management plan may involve establishing general land use
designations that define allowable activities on a parcel of land. For example, land designated for
low-density residential use would be limited to a density of two houses per acre, provided that all
other regulations and requirements are met. All development activities allowed in a use category
should be defined. By guiding uses within the planning areas, impacts to surface waters from
urban runoff can be controlled. Those areas identified in the resource inventory and information
analysis phase as environmentally sensitive and important to maintaining water quality can be
preserved through various measures supported by state or local goals, objectives, and policies.

In Florida, local governments (counties and incorporated municipalities) were required to
develop comprehensive plans based on existing information to guide short-term (five years) and
long-term (20 to 25 years) growth and development. Local plans were required to be consistent
with the state plan and the state growth management law and needed to identify environmentally
sensitive areas and areas with water quality problems.

The Environmental Quality Corridor (EQC) System was established in Fairfax County, Virginia,
to preserve floodplains, wetlands, shoreline areas, and steep valley slopes. EQCs were defined in
the county's comprehensive plan and identified on the county land use map. If a parcel of land
subject to a zoning or land use designation change contained an EQC, it was required to be set
aside by the developer as part of development approval. Since its initiation, tens of thousands of
acres have been set aside through the EQC program. The cost of implementing the program is
part of the operating budget of the county planning department.

Howard County, Maryland, developed a Land Preservation and Recreation Plan as part of the
county comprehensive plan. Under this plan, open space resources are purchased for preservation
and recreation. The annual cost to update the plan, $25,000 (in 1991 dollars), is funded by the
state. In FY 1990, the county received $1.14 million in state funds to update the plan and acquire
land (Jenkins, 1991).
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3.3.3 Implement the Plan

Once critical areas have been identified, land use designations have been defined, and goals have
been established to guide activities in the watershed, implementation strategies can be developed.
At this point, the requirements of future development are defined. These requirements include,
but are not limited to, permitted uses, construction techniques, and protective maintenance
measures. Land development regulations may also prescribe natural performance standards, such
as “rates of runoff or soil loss should be no greater than predevelopment conditions.”

A useful planning tool is the Long-Term Hydrologic Impact Assessment (L-THIA), which was
developed by Purdue University (2000) for land use planners to provide site-specific estimates of
changes in runoff, recharge, and nonpoint source pollution resulting from past or proposed land
use changes. The model uses regional climate data and user-provided location, land use, and soil
group data for up to three different scenarios (past, present, and future). The results are in the
form of tables, bar charts, and pie charts. The model is available at
http://danpatch.ecn.purdue.edu/~sprawl/LTHIA7.

Listed below are examples of the types of development regulations and other implementation
tools that have been successful at controlling nonpoint source pollution.

3.3.3.1 Develop ordinances or regulations requiring nonpoint source pollution controls for
new development and redevelopment

These ordinances or regulations should address, at a minimum:

— Control of off-site urban runoff discharges (to control potential impacts of flooding);
— The use of source control BMPs and treatment BMPs;

— The performance expectations of BMPs, specifying design storm size, frequency, and
minimum removal effectiveness, as specified by the state or local government;

— The protection of stream channels, natural drainageways, and wetlands;
— Erosion and sediment control requirements for new construction and redevelopment; and

— Treatment BMP operation and maintenance requirements and designation of responsible
parties.

3.3.3.2 Plan infrastructure

Infrastructure planning is the multiyear scheduling and implementation of infrastructure
improvements, such as roads, sewers, potable water delivery, landfills, public transportation, and
urban runoff management facilities. Infrastructure planning can be an effective practice to help
guide development patterns away from areas that provide water quality benefits, are susceptible
to erosion, or are sensitive to disturbance or pollutant loadings. Where possible, long-term
comprehensive plans to prevent the conversion of these areas to more intensive land uses should
be drafted and adopted. Infrastructure should be planned for and sited in areas that have the
capacity to sustain environmentally sound development. Development tends to occur in response
to infrastructure availability, both existing and planned. New development should be targeted for
areas that have adequate infrastructure to support growth in order to promote infill development,
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prevent urban sprawl, and discourage the use of septic tanks where they are inappropriate
(International City/County Management Association, 1979). Infill development may have the
added advantage of municipal cost savings.

To discourage development in the environmentally sensitive East Everglades area, Dade County,
Florida, has developed an urban services boundary (USB). In areas outside the USB, the county
will not provide infrastructure and has kept land use densities very low. This strategy was
selected to prevent urban sprawl, protect the Everglades wetlands (outside of Everglades
National Park), and minimize the costs of providing services countywide. The area is defined in
the county comprehensive plan, and restrictions have been implemented through the land
development regulations (Metro-Dade Planning Department, 1988).

Congress has enacted similar legislation for the protection of coastal barrier islands. In 1981, the
availability of federal flood insurance for new construction on barrier islands was discontinued.
In 1982, Congress passed the Coastal Barriers Resources Act, establishing the Coastal Barrier
Resource System (CBRS), and terminated a variety of federal assistance programs for designated
coastal barriers, including grants for new water, sewage, and transportation systems. In 1988,
similar legislation was passed for the Great Lakes area, adding 112 Great Lakes barrier islands.
Additions to the CBRS in 1990 included parts of the Florida Keys, the U.S. Virgin Islands,
Puerto Rico, and the Great Lakes (Simmons, 1991).

The result of the legislation and subsequent additions to the CBRS has been the establishment of
approximately 1,326,000 acres of barriers that are ineligible for federal assistance for
infrastructure and flood insurance (U.S. Fish and Wildlife Service (USFWS), 2002). This act has
helped to guide development away from these sensitive coastal areas to more suitable locations.
USFWS (2002) estimates that more than a billion dollars may be saved between 1983 and 2010
due to reduction of disaster relief and infrastructure construction costs.

3.3.3.3 Revise local zoning ordinances

Zoning is the division of a municipality or county into districts for the purpose of regulating land
use. Usually defined on a map, the allowable uses within each zone are described in an official
document, such as a zoning ordinance. Zoning is enacted for a variety of reasons, including
preservation of areas that are environmentally sensitive or necessary to maintain environmental
integrity (International City/County Management Association, 1979).

Within zoning ordinances, subdivision regulations govern the process by which individual lots
are created out of larger tracts of land. Subdivision regulations are intended to ensure that
subdivisions are appropriately related to their surroundings. General site design standards, such
as preservation of environmentally sensitive areas, are one example of subdivision regulations
(International City/County Management Association, 1979).

There are specific types of zoning ordinances that can be particularly useful in protecting water
resources, including performance-based zoning, overlay zones, bonus or incentive zoning, large-
lot zoning, agricultural protection zoning, watershed-based zoning, and urban growth boundaries.
The following provides an overview of each of these types of zoning:
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3.3.3.3.1 Performance-based zoning

In performance-based zoning, developers are allowed flexibility in planning and designing the
development as long as they meet minimum requirements set by the local government. These
minimum requirements vary based on the particular resource protection objectives of the
community but might include limiting the amount of impervious surfaces or preserving sensitive
features such as wetlands or steep slopes with high erosion potential. Developers can choose lot
sizes, building types, site layouts, and other development characteristics as long as they meet the
minimum criteria. Performance-based zoning offers protection of natural resources for the
community and increased flexibility for the developer. It requires greater effort on the part of the
local government, however, to carefully tailor the language of the ordinance to ensure that
resources are adequately protected, and to carefully review development proposals to ensure that
performance criteria are met.

Officials in Columbia, Missouri, were interested in developing a uniform policy to deal with
storm water pollution (Tritto, 2000). This effort was initiated in response to a recent back-and-
forth battle between a developer and the Columbia City Council. Officials are reviewing a report
developed by Missouri University researchers that evaluated the environmental sensitivity of

13 watersheds in the Columbia area using 12 criteria focused on human health and
environmental protection. The report recommended limits on the percentage of impervious
surfaces for developments based on categories of watershed sensitivity. Developers would be
allowed to exceed these limits only by taking additional steps to control storm water pollution
through the use of management practices. The approach recommended in the report would
provide a financial incentive for developers to direct high-density developments to less-sensitive
watersheds because tougher standards on impervious areas and the costs of storm water controls
would make it more expensive to develop in environmentally sensitive watersheds. City officials
are also reviewing storm water management policies in other cities to develop uniform
guidelines so that developers are better-informed about what is expected of them.

3.3.3.3.2 Overlay zones

Overlay zones superimpose additional restrictions on existing zoning categories to provide extra
protection for a particular natural resource. For example, if a wetland or endangered species
habitat crosses the boundaries of several development zones, an overlay zone can be established
to limit development in areas that affect the wetland. Overlay zones can also be used to limit
development in areas with highly permeable soils to protect an underground drinking water
source from contamination. The overlay zones would maintain the general land use category,
such as residential or commercial, but would require additional protection, such as greater limits
on impervious area or special vegetation protection requirements.

3.3.3.3.3 Bonus or incentive zoning

Bonus or incentive zoning is another method to allow developers greater flexibility in return for
preservation of open space and sensitive or environmentally significant features. With incentive
zoning, a developer might be allowed to develop at a higher density than normally allowed if in
return he or she preserves additional open space, creates a wetland, or reduces the site’s overall
impervious area with underground parking, transportation modifications, or innovative site
layouts. The success of bonus or incentive zoning is highly dependent on an individual
developer’s perception of the economic benefits of additional density credits; therefore, this type
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of zoning cannot be relied upon to protect natural resources. However, bonus or incentive zoning
can encourage voluntary and economically beneficial protection for open space and sensitive
features.

3.3.3.3.4 Large-lot zoning

Large-lot zoning establishes a very low density of development; individual dwellings are built on
lots of 5 acres or more. Large-lot zoning is most effective when lots are very large (5 to 20 acres)
(Caraco et al., 1998). The purpose of large-lot zoning is to spread development thinly, thereby
conserving a large proportion of open space on each lot and reducing impacts on water resources.
This method can produce undesirable results, however, including

— Promoting sprawl;

— Fragmenting habitats with more extensive infrastructure and lawns;

— Increasing reliance on automobile transportation; and

— Excluding lower-income residents who cannot afford to purchase large parcels of land.

One approach to minimizing the negative impacts of large-lot zoning is to combine it with
cluster zoning. In this way, a large area of open space can be protected, while accommodating
new development in a more concentrated manner. Although used in many areas, large-lot zoning
is not considered to be any more protective than other zoning tools.

3.3.3.3.5 Farmland preservation zoning

Farmland preservation ordinances are another type of measure to provide open space retention,
habitat protection, and watershed protection. Farmland protection may be a less-costly means of
controlling pollutant loadings than the implementation of urban runoff structural control
practices. Much of the farmland currently being converted has soils that are stable and not highly
erodible. Conversion of these farmlands often displaces farming activities to less-productive,
more-erodible areas that may require increased nutrient and pesticide applications.

Many communities consider both agriculture and forestry to be an integral part of rural heritage
and strive to preserve these industries and the open space associated with them. According to the
1997 National Resources Inventory, nearly 16 million acres of forest, cropland, and open space
were converted to urban and other uses from 1992 to 1997. The average rate for those five
years—3.2 million acres per year—is more than twice the conversion rate of 1.4 million acres
per year recorded from 1982 to 1992 (USDA-NRCS, 2000).

Agricultural lands can be protected by implementing a modified large-lot zoning ordinance that
makes residential development less economically attractive. Alternatively, a cluster development
ordinance can be established that specifies a density for an agricultural development and also
requires that dwellings be built on small lots, leaving the remainder of the site as agricultural
open space. The ordinance can also specify that development must occur on the least-productive
part of the lot so the richest soils can be reserved for cultivation.

Agricultural zoning ordinances can be combined with other initiatives to promote farming and
forestry and to protect rural areas from being overtaken by urban sprawl (Sims, 2000b). The
King County, Washington, executive official has undertaken several initiatives to promote
diversity in lifestyle choices, encourage the continuation of farming and forestry, protect
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environmental quality and wildlife habitat, and maintain a link to the county’s heritage by
preserving rural areas. So far the county has reduced its development rate in rural areas from

15 percent in 1980 to 6 percent at present. The target is to further reduce the development rate to
4 percent. The county issued orders to close loopholes in subdivision and land segregation
regulations, and it tightened subdivision requirements for rural lands. These efforts will ensure
that new development is consistent with current environmental and development standards.

The county’s initiatives include maintaining an agricultural district as an “unincorporated urban
area” to permanently protect this area from development pressures, establishing the Puget Sound
Fresh program to promote locally grown and produced products, establishing a Farm Link
program to connect farmers with land to sell or lease with those wishing to farm, and providing
improved services for rural community centers. The county also established a Rural Forest
Commission to encourage forestry and maintain the forest land base in the county’s rural areas.
The county implemented a Farmlands Preservation Program, which has preserved 12,793 acres
of agricultural lands through purchase or donation of development rights. Additionally, the
county is able to preserve hundreds more acres of rural land each year through incentive-based
taxation programs. Finally, King County’s 2000 Comprehensive Plan includes the following
goals and initiatives:

— Ensure that zoning complies with goals to reduce the rate of growth and protect the
environment;

— Ensure that the types and scale of development in the rural area blend with traditional
rural development;

— Implement recommendations from the forest commission to bolster King County’s forest
and farming economies; and

— Consider alternative uses of agricultural land, such as for wetland mitigation or
recreation, such that these uses will not harm the integrity of agriculture in the county.

More information about King County’s growth management initiatives can be found on the
SmartGrowth Rural Legacy Web site at http://www.metrokc.gov/smartgrowth/rural.htm.

3.3.3.3.6 Watershed-based zoning

Historically, zoning has been used to establish limits on building density and to separate uses
believed to be inherently incompatible (Arendt, 1997). Watershed-based zoning, in contrast, uses
watershed and subwatershed boundaries as the basis for making land use decisions. Typically,
zoning objectives focus on maintaining or reducing impervious cover in sensitive subwatersheds
and redirecting development to subwatersheds that are better able to absorb their influence
(Caraco et al., 1998).

Local, state, and federal officials recently approved the Riverside County (California) Plan,
which involved multi-agency cooperation in identifying where development may occur and
where land should be preserved (Verden, 2000). Over the next 50 years, the Riverside County
Plan will serve as a blueprint for building new roads, shopping centers, and homes, while also
preserving rapidly disappearing habitat. The plan is designed to avoid costly delays and
confrontations between regulators and developers. With the population of Riverside County
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expected to double in 20 years, the plan will help developers accommodate growth while it also
protects rare plants and animals. State and federal land, transportation, and wildlife managers
hope the Riverside County Plan will be a model for other communities struggling to balance
development and preservation.

In 1992 Maryland enacted the Economic Growth, Resource Protection, and Planning Act to
organize and direct comprehensive planning, regulating, and funding by state, county, and
municipal governments in furtherance of a specific economic growth and resource protection
policy (Maryland Department of Planning, no date). The policy is organized around seven
statutory vision statements that must be pursued in county and municipal comprehensive plans
where priorities for land use, economic growth, and resource protection are established. The
seven statutory vision statements are:

— Development is concentrated in suitable areas.

— Sensitive areas are protected.

— In rural areas, growth is directed to existing population centers and resource areas are
protected.

— Stewardship of the Chesapeake Bay and the land is a universal ethic.
— Conservation of resources, including a reduction in resource consumption, is practiced.

— To assure the achievement of the above, economic growth is encouraged and regulatory
mechanisms are streamlined.

— Funding mechanisms are addressed to achieve these visions.

The visions must also be followed by the state in undertaking its various programs. Both state
and local funding decisions on public construction projects must adhere to the visions. The Act
also established an Economic Growth, Resource Protection, and Planning Commission to
oversee, study, and report on progress towards implementation of the visions. More information
about the act can be found at http://www.mdp.state.md.us/planningact.htm.

3.3.3.3.7 Urban growth boundaries

Urban growth boundaries are lines drawn around metropolitan areas to delineate where urban
development can take place (inside the boundary) and where it may not (outside the boundary).
Outside of urban growth boundaries, land use is restricted to agriculture, forestry, and open space
(Nelson and Moore, 1993). The boundaries encourage more compact (i.e., infill) development,
control urban sprawl, and help protect rural heritage. The approval process for new development
can be streamlined within the growth boundary to further encourage development in these areas.

The duration or lifespan of growth boundaries is normally related to planning periods or cycles,
typically 10 to 20 years. Boundaries should be examined at regular planning intervals, however,
to assess whether conditions have changed since they were established.

Establishing the location of urban growth boundaries sometimes requires complex decision-
making. Officials should be reasonably sure that there is sufficient land within the boundary to
meet projected growth over the planning period and that public facilities and services can be
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provided at reasonable cost in a timely fashion. The potential impact of growth within the
boundary on existing natural resources also needs to be determined. In the context of watershed
planning, it is advantageous to use watershed boundaries or other natural features as urban
growth boundaries. In this manner, key or sensitive watersheds can be protected from the
impacts of development.

In Arizona, the 1998 Growing Smarter Act and its 2000 addendum, Growing Smarter Plus, were
signed into law by Governor Jane Hull (Morrison, 2000). This legislation addresses the issue of
development by strengthening the ability of communities in Arizona to plan for growth and to
acquire and preserve open space. The Growing Smarter legislation requires communities to
address growth and growth-related pressures by mandating general plans that identify growth
areas, establish policies and strategies for new growth, identify open space needs, regionally plan
for interconnected open space, and analyze the environmental impacts of the development
anticipated by the general plan (City of Tucson, no date).

3.3.3.4 Establish limits on impervious surfaces, encourage open space, and promote
cluster development

As described earlier, urban runoff contains high concentrations of pollutants washed off
impervious surfaces (roadways, parking lots, loading docks, etc.). By retaining the greatest area
of pervious surface and maximizing open space, nonpoint source pollution due to runoff from
impervious surfaces can be kept to a minimum. Refer to section 4.3.2 for a detailed discussion of
site design practices to reduce impervious surfaces in new developments.

The following are examples of successful implementation of open space requirements and cluster
development:

— Brunswick, Maine, recently adopted an allowable impervious area threshold of 5 percent
of any site to be developed in the defined coastal protection zone. The remaining
95 percent is required to be left natural or landscaped. The threshold was developed and
adopted using a $28,000 grant.

— Virginia provides general guidance with regard to minimum open space and maximum
impervious areas to local governments within the Chesapeake Bay watershed. While
specific requirements are not associated with the guidance, local plans are required to
contain criteria and must be approved by the Chesapeake Bay Local Assistance Board.

— Carroll County, Maryland, is a community with substantial farmland and open space.
Because it is located close to both Baltimore and Washington, DC, the county amended
its zoning ordinance to encourage cluster development and preserve open space. This and
land protection efforts by Carroll County have resulted in protection of 33,000 acres by
agricultural easements (Maryland Environmental Trust Land Conservation Center, 2002).

— Maryland adopted the Forest Conservation Act of 1991, which requires all public
agencies and private landowners submitting a subdivision plan or application for a
sediment control permit for an area greater than 40,000 square feet to develop a plan for
retention of existing forest cover on-site. The act allows clearing that is essential to site

3-15



National Management Measures Guidance to Control Nonpoint Source Pollution from Urban Areas

development, and it established a forest conservation fund for reforestation projects. In
the first five years of implementation, the Forest Conservation Act has produced 22,508
acres of retained forest and 4,313 planted acres, while 12,210 acres of existing forest
have been cleared (Honeczy, 2000).

— Broward County, Florida, has an open space program and encourages cluster
development to reduce impervious surface area, protect water quality, and enhance
aquifer recharge (Broward County, Florida, 1990).

— New Hampshire has a model shoreland protection ordinance that encourages grouping of
residential units, provided a minimum of 50 percent of the total parcel remains as open
space.

One way to increase open space while allowing reasonable development of land is to encourage
cluster development. Clustering entails decreasing the allowable lot size while maintaining the
number of allowable units on a site. Such policies provide planners the flexibility to site
buildings on more suitable areas of the property and leave environmentally sensitive areas, such
as wetlands or steep slopes, undeveloped. Criteria can vary. Advantages of cluster development
include:

— Reducing the costs of infrastructure;

— Preserving sensitive areas;

— Increasing property values with proximity to open space; and
— Preserving ecological, aesthetic, and recreational values.

Planned unit development is a type of zoning that encourages the use of cluster development but
does not require it. For example, a set number of units could be spread across the site under
typical residential zoning, but under cluster zoning, the same number of units could be
concentrated on smaller lots on only a portion of the site, preserving the other portion for
common open space to protect sensitive features or for use as a recreation area.

3.3.3.5 Revitalize existing developed areas

Redeveloping existing areas can alleviate water quality impacts by reducing the strain of
development on open space land and minimizing the amount of impervious surface added to the
watershed. Existing impervious surfaces, such as declining shopping malls and retail centers, can
provide large tracts of developable land and are a prime opportunity for mixed-use infill
development. For additional discussion of options for revitalizing urban areas, see Management
Measure 10—Existing Development.

3.3.3.6 Establish setback (buffer zone) standards

In coastal areas, setbacks or buffer zones adjacent to surface water bodies, such as rivers,
estuaries, or wetlands, provide a transition between upland development and these water bodies.
The use of setbacks or buffer zones may prevent direct flow of urban runoff from impervious
areas into adjoining surface waters and provide pollutant removal, sediment attenuation, and
infiltration. Riparian forest buffers function as filters to remove sediment and attached pollutants,
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as transformers that alter the chemical composition of compounds, as sinks that store nutrients
for an extended period of time, and as a source of energy for aquatic life (USEPA, 1992).
Setbacks or buffer zones are commonly used to protect coastal vegetation and wildlife corridors,
reduce exposure to flood hazards, and protect surface waters by reducing and cleansing urban
runoff (Mantel et al., 1990). The types of development allowed in these areas are usually limited
to non-habitable structures and those necessary to allow reasonable use of the property, such as
docks and unenclosed gazebos.

Factors for delineating setbacks and buffer zones vary with location and environment and
include:

— Seasonal water levels;

— Nature and extent of wetlands and floodplains;

— Steepness of adjacent topography;

— Type of riparian vegetation;

— Quantity and velocity of runoff entering the buffer;

— Soil types and infiltration capacity;

— Density of development adjacent to the riparian corridor; and
— Wildlife values.

It is important that sheet flow, not concentrated flow, be directed to the buffer. High-velocity
runoff from steeply sloped or highly impervious areas can promote excessive erosion and
decreased pollutant removal. A flat, grassy area or a level spreader can be installed at the upland
part of the buffer to slow the velocity of runoff and promote sheet flow. It is also important to
consider that the pollutant removal capacity of a buffer is finite and can be exceeded in areas
with high concentrations of pollutants in runoff.

Buffer width is an important measure of pollutant removal effectiveness. Buffers typically range
from 20 to 200 feet wide and should include the 100-year floodplain, riparian areas including
adjacent wetlands, steep slopes, or critical habitat areas (Schueler, 1995). A buffer at least

100 feet wide is recommended for water quality protection, and a 300-foot buffer is
recommended to maintain a wildlife habitat corridor. Wider buffers offer increased detention
times, infiltration rates, and diversity of soil, vegetation, and wildlife.

According to Herson-Jones et al. (1995), forested buffers achieve 50 percent TSS removal; 23 to
96 percent phosphorus removal depending on the extent of TSS removal; greater than 40 percent
lead removal; more than 60 percent copper, zinc, aluminum, and iron removal; and more than
70 percent oil and grease removal.

Overall, aquatic buffers are highly effective at removing particulate pollutants, but less effective
in removing soluble pollutants (such as nitrogen, for which documented removal rates range
from -15 to 99 percent). Proper siting and design and regular maintenance enhance removal
efficiency.

In general, EPA recommends that no habitat-disturbing activities should occur within tidal or
non-tidal wetlands. In addition, a buffer area should be adequate to protect the identified wetland
values. Minimum widths for buffers should be 50 feet for low-order headwater streams, with
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expansion to as much as 200 feet or more for larger streams. In coastal areas, a 100-foot
minimum buffer of natural vegetation landward from the mean high tide line helps to remove or
reduce sediment, nutrients, and toxic substances entering surface waters.

3.3.3.6.1 Buffer ordinance

Buffer ordinances provide guidelines for buffer creation and maintenance. They should include
the following provisions:

— Buffer boundaries to be clearly marked on local planning maps;

— Maintenance language that restricts vegetation and soil disturbance;

— Tables that illustrate buffer width adjustment by percent slope and type of stream; and
— Direction on allowable uses and public education.

A model ordinance and examples of buffer ordinances from across the country can be found at
http://www.epa.gov/owow/nps/ordinance. Buffer ordinances and other water resource-related
ordinances are also described in section 1.3.1.2.

The following are examples of setback or buffer requirements:

— Town commissioners in Apex and Cary, North Carolina, have agreed to set wider buffers
between development and streams (Price, 2000). Under the new ordinance, buffers must
be at least 50 feet wide along intermittent streams and must average 100 feet wide along
perennial streams. The towns chose to use an average rather than a strict 100-foot
minimum to allow landowners flexibility. In addition to the buffer ordinance, Apex and
Cary halved the limit of impervious surfaces on a given tract of land over which retention
ponds are required to control runoff (from 24 percent to 12 percent). Town officials will
hold a public hearing to vote on the new regulations.

— Monroe County, Florida, requires a setback of 20 feet from high water on man-made or
lawfully altered shorelines for all enclosed structures and 50 feet from the landward
extent of mangroves or mean high tide line for natural water bodies with unaltered
shorelines (Monroe County, Florida, Code, Section 9.5-286).

— Brunswick, Maine requires a buffer of 125 to 300 feet from mean high water within the
Coastal Protection Zone (Section 315 of the Brunswick Zoning Ordinance), depending on
the slope of the buffer, as designated on the town's land use map.

— Queen Anne's County, Maryland, established a standard shore buffer of 300 feet from the
edge of tidal water or wetland, 50 percent of which must be forested.

— Maryland’s Critical Area Act requires the establishment of a minimum buffer of 100 feet
of natural vegetation landward from the mean high-water line of tidal waters or the edge
of tidal wetlands and tributary streams. Unless a property owner can demonstrate
unwarranted hardship and prove no negative impact to water quality, plant, fish or
wildlife habitat, the local jurisdiction will not permit disturbance or new development
within the buffer except for access or water-dependent facilities. Any clearing that occurs
for access or water-dependent facilities must be mitigated through a buffer management
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plan approved by the local jurisdiction (Critical Area Commission for the Chesapeake
and Atlantic Coastal Bays, no date).

3.3.3.6.2 Vegetative and use strategies within management zones

Buffers can be divided into three zones—the streamside, middle, and upland zones (Herson-
Jones et al., 1995). Dense vegetation in the streamside zone (recommended to be approximately
25 feet wide) prevents excessive activity in this sensitive area, maintains the physical integrity of
the stream, and provides shade, litter, debris, and erosion protection. The width of a grassed or
mostly forested middle zone (minimum of 50 feet) depends on the size of the stream and its
floodplain and the location of protected areas such as wetlands or steep slopes. The upland zone,
typically 25 feet wide, is an additional setback from the buffer and usually consists of lawn or
turf. Zones in the buffer should be delineated to determine the types of vegetation that should be
maintained or established.

Allowable land uses in the three zones vary. The streamside zone is limited to footpaths, runoff
channels, and utility or roadway crossings. The middle zone may be used for recreation and
runoff control practices. The upland zone may be used for many purposes, with the exception of
septic systems, permanent structures, or impervious covers. A depression incorporated into the
design of the upland zone can detain runoff during storms. This runoff is released slowly to the
middle zone as sheet flow, which is then transferred to the dense streamside zone, designed to
have minimal to no discharge of surface water to the stream.

3.3.3.6.3 Provisions for buffer crossings

Stream crossings should minimize impacts on buffer integrity while providing crossing points for
linear forms of development such as roads, bridges, golf course fairways, underground utilities,
enclosed storm drains, and outfall channels (Schueler, 1995). They should also be designed to
provide fish passage and to withstand overbank flows from the 100-year storm event. Design
considerations for buffer crossings include: minimizing the width of the crossing; orienting the
crossing at a right angle to the stream; limiting the total number of crossings; ensuring that
outfalls discharge at the invert elevation of the stream channel; and burying utility crossings at
least 3 feet below the channel’s invert elevation. An outfall should not be placed directly in the
main channel. Energy-dissipating devices can be installed in outfalls to protect the streambed and
adjacent banks.

3.3.3.6.4 Integration of structural runoff management practices where appropriate

Depressions can be incorporated into the upland part of a stream buffer to provide runoff
detention during storms and to promote sheet flow over the middle zone of the buffer. A flat,
grassed area or level spreader can also be used in the upland part of the buffer to create sheet
flow and to promote infiltration over the rest of the buffer.

Storm water ponds and wetlands can be located inside or outside the buffer. According to
Schueler (1995), ponds inside the buffer should be used only for runoff quantity control.
Although ponds in the buffer treat the greatest possible drainage area, are more likely to maintain
their water level during dry periods, provide a diversity of aquatic habitats, and can increase the
total width of the buffer, they displace vegetation and might cause barriers to fish migration,
modification of existing wetlands, and stream warming.
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3.3.3.6.5 Development of buffer education and awareness programs

Buffer education efforts should foster community awareness and encourage stewardship. These
objectives can be met by posting signs along the buffer boundaries that describe allowable
activities in different parts of the buffer. Buffer owners can be educated by distributing
pamphlets, hosting stream walks, and holding meetings. New owners should be made aware of
buffer limits and allowable uses when the property is transferred. Buffer stewardship can be
encouraged through reforestation and “bufferscaping” programs. Annual inspections can be done
with “buffer walks” to determine the extent of encroachment, devegetation, erosion, or excessive
sediment deposition.

3.3.3.7 Establish slope restrictions

Slope restrictions can be effective tools to control erosion and sediment transport. Erosion rates
depend on several site-specific factors including soil type, vegetative cover, and rainfall
intensity. In general, as slope increases, there is a corresponding increase in runoff water
velocity, which may result in increased erosion and sediment transport to surface waters (Dunn
and Leopold, 1978).

3.3.3.8 Promote urban forestry

Urban forestry is an effective tool for protecting watersheds because it can provide some of the
storm water management required in urban areas. Trees decrease runoff by intercepting rain and
promoting infiltration. This reduces the peak runoff flow and the total runoff volume that
communities must manage, which can be financially beneficial to communities that have to build
and maintain sewer and drainage systems (ENN, 2001). Also, trees provide shade, which lowers
the temperature of urban heat islands and runoff. Erosion and leaf litter in forested areas can
contribute sediment and nutrients to receiving waters; therefore, an effort should be made to
establish and maintain stable vegetation and to keep leaf litter on-site.

Several organizations dedicated to promoting urban forestry can provide information and other
resources to interested groups or individuals. For example, American Forests
(http://www.americanforests.org) is a conservation organization that is working to improve the
environment with trees and forests. The organization’s Urban Forest Center offers tools to
measure the environmental benefits of trees, such as pollution reduction and storm water
management. These tools include the Regional Ecosystem Analysis (REA) and CITY green
software packages. REA uses a combination of satellite data, field surveys, CITY green software,
and other GIS technology to measure a region's or city's tree canopy and calculate its dollar
value. CITY green allows users to compare the economic benefits of various planning scenarios
by testing landscape ordinances, evaluating site plans, and modeling development scenarios that
capture the benefits of trees. An application of this tool in Fayetteville, Arkansas, found that
increasing the city’s tree cover from 27 to 40 percent could result in cost savings from runoff
reduction of up to $135 million (NALGEP, 2003). Information about the software is available at
http://www.americanforests.org/productsandpubs/citygreen/.
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TreePeople is another forestry organization. It works with the U.S. Forest Service and has
enlisted the help of thousands of students and volunteers to plant seedlings in the mountains
around Southern California. Its mission is to inspire people to take responsibility for improving
their immediate environment. Information about TreePeople is available at
http://www.treepeople.org/.

Houston’s Urban Forests

American Forests conducted a study of a 3.2 million-acre area in Houston to document urban forest
cover (ENN, 2001). They also analyzed 25 individual sites with aerial photography using CITYgreen to
map and measure tree cover and to calculate the benefits of Houston’s trees. Study results show that
trees provide significant benefits in storm water runoff reduction, energy savings, and pollutant removal.
The study found that Houston’s tree cover reduces the need for storm water management by 2.4 billion
cubic feet per peak storm event, saving $1.33 billion in one-time construction costs. As a result,
American Forests made the following recommendations to the city of Houston:

e Improve green infrastructure by using tree cover data in land-use planning; growth
management; and all transportation, public works, and development decision-making.

e Encourage the use of increased tree cover to met storm water needs.

e Work to increase tree cover in the metropolitan area.

3.3.3.9 Use site plan reviews and approval

A site plan review involves review of specific development proposals for consistency with the
laws and regulations of the local government of jurisdiction. Potential development sites should
be inspected to ensure that natural resources necessary for protecting surface water quality are
preserved. Inspection ensures that the information presented in any application for development
is accurate and that sensitive areas are noted for preservation. Inspections should also be
conducted during and after development to ensure compliance with development conditions.
Depending on the size of the local government and the amount of new development, this
inspection could be incorporated into the duties of existing staff at minimal additional cost to the
local government, or the inspection could require the addition of staff to conduct onsite
inspections and monitoring. The effectiveness of such a program depends on the ability of the
inspectors to evaluate property for its natural resource value and the practices used to protect
areas necessary for the preservation of water quality.

Development approvals should contain conditions requiring maintenance of the area’s
environmental integrity and prevention of degradation from nonpoint source pollution, consistent
with the goals, objectives, and policies of the comprehensive program and the requirements of
the land development regulations. The criteria for new development are outlined as part of a
development permit. Examples include the following:

— Areas for preservation or mitigation may be identified, similar to the Fairfax County
Environmental Quality Corridor System (see section 3.3.2).
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— The use of nonstructural and structural management practices described in this chapter
for controlling nonpoint source pollution may be a condition of development approval.

— Setbacks and limits on impervious areas may be clearly defined in a condition for
development approval, as is being done in the programs discussed above.

— Reduction in the use of pesticides and fertilizers on landscaped areas by encouraging the
use of vegetation that is adaptable to the environment and requires minimal maintenance.
(Xeriscaping techniques are described in Management Measure 4 and lawn and garden
activities are described in Management Measure 9.)

3.3.3.10 Designate an entity or individual responsible for maintaining the infrastructure,
including urban runoff management systems

The responsible party should be trained in the maintenance and management of urban runoff
management systems. If desired, the local government could be designated to maintain urban
runoff systems, with financial compensation from the developer. Because they are not usually
trained in infrastructure maintenance, homeowners groups are not the best entity for monitoring
infrastructure for adequacy, especially urban runoff management systems. This responsibility
should belong to a responsible party that understands the complexity of urban runoff
management systems, can determine when such systems are not functioning properly, and has
the resources to correct the problem. Again, this is a duty that the local government can assume,
with either existing staff or additional staff, depending on the size of the local government and
the amount of new development occurring. The amount of funding needed depends on the size of
the local government.

3.3.3.11 Use official mapping

Official maps can be used to designate and/or protect environmentally sensitive areas, zoning
districts, identified land uses, or other areas that provide water quality benefits. When approved
by the local governing body, these maps can be used as legal instruments to make land use
decisions related to nonpoint source pollution.

3.3.3.12 Require environmental impact assessment statements

To evaluate the impact that proposed development may have on the natural resources of an area,
some counties and municipalities require an environmental assessment as part of the
development approval processes. These assessments can be incorporated into the land
development regulation process. Areas to be covered include geology, slopes, vegetation,
historical features, wildlife, and infrastructure needs (International City/County Management
Association, 1979).

3.3.4 Cost of Planning Programs

The cost of planning programs depends on a variety of factors, including the level of effort
needed to complete and implement a program. Many of the practices described in this section
can be incorporated into ongoing activities of a state or local government.
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The Florida legislature funded the development of comprehensive programs and land
development regulations required by the Local Government Comprehensive Planning and Land
Development Regulation Act (1985). Distribution of funds was based on population according to
formulas used for determining funding for the plan and land development regulations. A base
amount was given to all counties that requested it. The balance of the monies was allocated to
each county in an amount proportionate to its share of the total unincorporated population of all
the counties. A similar distribution process was used for local governments. A total of $2.1
million was allocated for plan development; however, not all components of the plans address
nonpoint source issues.

The effect of planning programs depends on many variables, including implementation of
programs and monitoring of conformance with conditions of development approval.

3.3.5 Land or Development Rights Acquisition Practices

An effective way to preserve land necessary for protecting the environmental integrity of an area
is to acquire it outright or to limit development rights. Land conservation includes more than
simply preserving land in its current state. It also means taking responsibility for restoration of
areas of the property that might already have been affected by urban runoff. Stewardship
activities for land conservation might include:

— Resource monitoring

— General maintenance

— Control of exotic species

— Installation of structural runoff management practices

A government agency or a nonprofit organization, such as a land trust, often has a greater
capacity to take on the responsibility of stewardship than do private owners. Consequently, many
of the practices discussed below focus on how conservation lands, or at least property rights to
those lands, can be transferred to such entities. In many instances, however, private owners
successfully accomplish stewardship without any formal or binding relationship with a public or
private conservation agency or organization.

Several organizations provide educational materials and training to help landowners learn to
manage conservation areas for the benefit of water quality, wildlife, and other purposes. For
example, the Land Trust Alliance, an organization that “promotes voluntary land conservation
and strengthens the land trust movement by providing the leadership, information, skills, and
resources land trusts need to conserve land for the benefit of communities and natural systems,”
has compiled a list of links to local land trust organizations. This list can be accessed at
http://www.lta.org/resources/links (Land Trust Alliance, 2001). Other information on land
conservation policy, news, success stories, training opportunities, and technical guidance is
provided on the Land Trust Alliance’s Web site at http://www.lta.org.

Additionally, The Conservation Fund Web site, at http://www.conservationfund.org, provides
information on land acquisition, community initiatives, leadership training, and sustainable
conservation solutions emphasizing the integration of economic and environmental goals.
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Another resource is the Natural Lands Trust whose Web site, at http://www.natlands.org,
provides information and resources pertaining to land preservation and land use planning.

The practices described below can be used to protect beneficial uses.
3.3.5.1 Fee simple acquisition/conservation easements

The most direct way to protect land for preservation purposes and associated nonpoint source
control functions is fee simple acquisition, through either purchase or donation. Once a suitable
area is identified for preservation, the area may be acquired along with the development rights.
The more development rights that are associated with a piece of property, the more expensive it
will be. Many state and local governments and private organizations have programs for
purchasing land.

Conservation easements are legal restrictions on the present and future use of land. For
preservation purposes, the easement holder, who is usually not the owner of the property, is able
to control the rights of the property when the landowner might adversely impact resources on the
property. In effect, the property owner gives up development rights within the easement while
retaining fee ownership of the property (Mantel et al., 1990; Barrett and Livermore, 1983). The
agreement between the easement holder and property owner is permanent, legally enforceable,
and not subject to alteration unless permission is received in writing by the easement holder and
all other cosigners (Arendt, 1997).

A conservation easement is a flexible tool that can be customized to set different levels of
restrictions among different types of conservation areas in a parcel. In addition to protecting and
maintaining environmental benefits in perpetuity, landowners who donate conservation
easements to a government agency or nonprofit group typically realize substantial income,
property, and estate tax benefits resulting from the charitable donations. Their property value
might be lowered, however, because the development rights were removed. Consequently, tax
and estate planning professionals need to be consulted when a conservation easement is being
contemplated.

As an alternative, agricultural and forestry easements are specific types of conservation
easements that allow continued use of land as farms or forests and prevent the land from being
sold for commercial or residential development. The USDA Natural Resource Conservation
Service currently manages the Farm and Ranch Lands Protection Program (FRPP), a voluntary
program that provides matching funds to state, tribal, or local governments and non-
governmental organizations with existing farm and ranch land protection programs to purchase
conservation easements. FRPP is reauthorized in the Farm Security and Rural Investment Act of
2002, also known as the Farm Bill (NRCS, 2003).

3.3.5.2 Leases, deed restrictions, and covenants

Even though government agencies, land trusts, and other nonprofit organizations would prefer
that conservation lands be acquired by donation or that conservation easements be placed on the
property, some lands hold so much value as conservation areas that leasing is worth the expense
and effort. Leasing a property allows the agency, trust, or organization to actively manage the
land for conservation.
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Deed restrictions are included in deeds for the purpose of constraining use of the land. In theory,
deed restrictions are designed to perform functions similar to those of conservation easements. In
practice, however, deed restrictions have proven to be much weaker substitutes because unlike
conservation easements, they do not necessarily designate or convey oversight responsibilities to
a particular agency or organization to enforce protection and maintenance provisions. Also, deed
restrictions can be relatively easy to modify or vacate through litigation. Modifying or nullifying
an easement is difficult, especially if tax benefits have already been realized. For these reasons,
conservation easements are generally preferred over deed restrictions.

A covenant is similar to a deed restriction in that it restricts activities on a property, but it is in
the form of a contract between the landowner and another party. The term mutual covenants is
used to describe a situation where one or more nearby or adjacent landowners are contracted and
covered by the same restrictions.

3.3.5.3 Transfer of development rights

The principle of transfer of development rights (TDR) is based on the concept that ownership of
real property includes the ownership of a bundle of rights that goes with it. These rights may
include densities granted by a certain use designation, environmental permits, zoning approvals,
and others. Certain properties have a bigger bundle of rights than others, depending on what
approvals have been received by the owner. The TDR system takes all or some of the rights on
one piece of property and moves them to another parcel. The purpose of TDRs is to shift future
development potential from an area that is determined to be unsuitable for development (sending
site) to an area deemed more suitable (receiving site). The development potential can be
measured in a variety of ways, including number of dwelling units, square footage, acres, or
number of parking spaces. Most TDR systems require a legal restriction for future development
on the sending site. TDR programs can be either fixed so that there are only a certain number of
sending and receiving sites in an area, or flexible so that a sender and receiver can be matched as
the situation allows (Mantel et al., 1990; Barrett and Livermore, 1983).

This system is useful for the preservation of those areas considered necessary for maintaining the
quality of surface waters, in that development rights associated with the environmentally
sensitive areas can be transferred to less-sensitive areas. There are several examples of TDR use
in the United States. The more successful projects include preservation of the New Jersey Pine
Barrens and the Santa Monica Mountains in California. For the TDR concept to work, receiving
and sending sites should be identified and evaluated, a simple, flexible program should be
developed, and the use of the program should be promoted and facilitated (Mantel et al., 1990).

In contrast to a conventional down-zoning approach, which withholds from landowners the value
associated with the right to develop, TDR systems allow a landowner to be compensated for that
value by developing at another site.

Most TDR systems require a legal restriction to ensure that future development will not occur on
the “sending” site. Also, TDR programs can be fixed so that there are only a certain number of
sending and receiving sites in an area, or they can be flexible so that a sender and receiver can be
matched as the situation allows. The following are general steps for setting up a TDR program
(Redman/Johnston Associates, 1997):
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— Provide education and outreach. The public should be familiar with the overall
objectives of the program. Landowners and developers also need to be educated on how
they will be affected.

— Conduct an analysis of market conditions. A successful program requires a market for
TDR transfers.

— Identify and designate TDR “receiving areas.” Receiving areas should be capable of
supporting growth. Factors include adequate land area, infrastructure, public services, and
consideration of environmental constraints.

— Identify and designate TDR “sending areas.” Sending areas should support preservation
and protection goals. Specific areas should be delineated to the parcel level.

— Determine the nature of program. Programs can be voluntary or mandatory. If
mandatory, sending areas should be down-zoned to control growth.

— Determine development potential and allocate TDRs. Compute current allowable
densities in both receiving and sending areas, and then allocate TDRs from sending areas
based on desired densities. For example, down-zoning from a yield of 1 lot per 5 acres to
1 lot per 25 acres equates to 4 TDRs.

— Consider a TDR Bank. A TDR bank buys, holds, and sells TDRs. The bank can be either
a government organization or a quasi-governmental entity.

Transfer of Development Credits Pilot Program, King County, Washington

King County, Washington’s Transfer of Development Credits (TDC) Pilot Program is a voluntary
initiative that allows residential densities to be transferred from rural areas to urban areas better suited
to absorb additional density (King County Office of Regional Policy and Planning, 2001). The following
provisions were made:

— A $1.5 million TDC bank was established to purchase and sell density credits.

— $500,000 was appropriated for urban amenities to improve neighborhoods that will receive
increased density.

— An extensive outreach effort has been launched to inform stakeholders about the program and
identify potential receiving sites.

— The Rural Forest Commission has reviewed and approved sending site criteria to be used by
the TDC bank.

The first successful TDC was finalized in 2000 (Sims, 2000a). Forest land totaling 313 acres was
protected from development. The density credits were transferred to a developer to add 500,000
square feet of commercial space in the nearby city of Issaquah.

More information about this TDC is presented at ww.metrokc.gov/exec/news/2000/032800.htm. More
information about the King County TDC Pilot Program can be obtained from the program’s Web site at
http://www.metrokc.gov/exec/orpp/tdc or by contacting Mark Sollitto at 206-205-0705.
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— Provide adequate resources. A TDR program does not run itself. It needs staff and
resources to administer and manage the program.

3.3.5.4 Purchase of development rights

In this process, the rights of development are purchased while the remaining rights remain with
the fee title holder. Restrictions in the deed make it clear that the land cannot be developed based
on the rights that have been purchased (Mantel et al., 1990).

Howard County, Maryland, has the goal of preserving 20,000 acres of farmland. Development
rights are acquired in perpetuity with v of 1 percent of the local land transfer tax used as
funding. There is no cap on the percentage of assessed value that may be considered
development value, and payment for development rights may be spread over 30 years to ease the
capital gains tax burden on the landowner (Jenkins, 1991).

3.3.5.5 Land trusts

Land trusts may be established as publicly or privately sponsored nonprofit organizations with
the goal of holding lands or conservation easements for the protection of habitat, water quality,
recreation, or scenic value, or for agricultural preservation. A land trust may also pre-acquire
properties that are conservation priorities if it enters the development market when government
funds are not immediately available by securing bank funding with the government as guarantor
(Jenkins, 1991).

3.3.5.6 Agricultural and forest districts

Agricultural or forest districting is an alternative to acquisition of land or development rights.
Jurisdictions may choose to allow landowners to apply for designation of land as an agricultural
or forest district. Tax benefits are received in exchange for a commitment to maintain the land in
agriculture, forest, or open space.

Fairfax County, Virginia, taxes land designated as an agricultural or forest district based on the
present use valuation rather than the usual potential use valuation. A commitment to agricultural
or forestry activities must be shown, and sound land management practices must be used. The
districts are established and renewed for eight-year periods (Jenkins, 1991).

3.3.5.7 Cost and effectiveness of land acquisition programs

The costs associated with land acquisition programs vary depending on the desired outcome. If
land is to be purchased, the cost depend on the value of the land. An additional cost to be
considered is the maintenance of the property once it is in public ownership. Easements and
development rights are less expensive, and maintenance responsibility is retained by the owner.
Depending on the size of the local government, implementation of these programs is usually part
of the operating budget of the appropriate agency (planning department or parks and recreation
department, for example).

The effectiveness of a land acquisition program is determined by the size of the parcel and the
difference between predevelopment and potential postdevelopment pollutant loading rates. In
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addition, wetlands and riparian areas have been shown to reduce pollutant loadings. The
acquisition and preservation of these areas can be extremely important to water quality
protection and decrease the cost of implementing structural BMPs. However, the use of wetlands
for urban runoff treatment, in general, should be discouraged. Where no other alternative exists,
states and local governments can target upland areas for acquisition to minimize the impacts to
and preserve the function of wetlands. One option for acquiring land is a public/private
partnership. For example, Harford County, Maryland, has targeted areas for purchase of
conservation easements. The county staff is working jointly with a local land trust to acquire
conservation easements and to educate people in environmentally sound land-use practices. The
estimated cost for the program is $60,000 per year (Jenkins, 1991). To aid in the establishment of
two local land trusts, Anne Arundel County, Maryland, provided $350,000 in seed money for
capital expenditures such as land and easement procurement. The county also gives staff
assistance to volunteers; additional support comes from contributions of money or land, grants,
and fundraisers (Jenkins 1991).
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3.4 Information Resources

The Center for Watershed Protection’s Rapid Watershed Planning Handbook, published in 1998,
describes techniques communities can use to more effectively protect and restore water
resources. This document is available for purchase from the Center for Watershed Protection’s
Web site (http://www.cwp.org).

The Chesapeake Bay Program’s (1997) Protecting Wetlands: Tools for Local Governments in
the Chesapeake Bay Region is available from the Chesapeake Bay Program’s Web site at
http://www.chesapeakebay.net.

The Conservation Fund’s Web site, located at http://www.conservationfund.org, provides
information on land acquisition, community initiatives, leadership training, and sustainable
conservation solutions emphasizing the integration of economic and environmental goals.

Correll’s (2000) Web site, entitled Vegetated Stream Riparian Zones: Their Effects on Stream
Nutrients, Sediments, and Toxic Substances, presents an annotated and indexed bibliography of
buffer strip literature. See http://www.unl.edu/nac/ripzone03.htm.

Eco-Compass (Island Press, 2000) is an information resource for urban sprawl issues. Developed
by Island Press, Eco-Compass is an Internet guide to a wide range of environmental information,
including ecosystems, communities, global change, and economics. The urban sprawl feature of
Eco-Compass provides a summary of the major issues relating to sprawl as well as an
examination of the lessons that can be learned from Atlanta, a city that has experienced
tremendous growth in the past decade. The site also includes links to more than 50 of the best
sprawl-related Web sites and publications. More information about Eco-Compass is available at
http://www.islandpress.org/.

The Natural Lands Trust’s 1997 publication, Growing Greener: Putting Conservation into Local
Codes, is available from Natural Land Trust, 1031 Palmers Mill Road, Media, PA 19063;
telephone 610-353-5587; e-mail planning(@natlands.org. Other information and resources
pertaining to land preservation and land use planning can be found at the Natural Lands Trust’s
Web site at http://www.natlands.org.

Schueler’s (1995) manual, Site Planning for Urban Stream Protection, is available for download
from the Center for Watershed Protection’s Web site at http://www.cwp.org/SPSP/TOC.htm.

Based on the Local Government Commission's research of more than 150 “smart growth” zoning
codes from across the nation, Smart Growth Zoning Codes: A Resource Guide will help planners
design a zoning code that encourages the construction of walkable, mixed use neighborhoods and
the revitalization of existing places. Each chapter analyzes a critical issue, such as design, streets,
and parking, and highlights exemplary codes from across the country. The guidebook comes
with a CD-ROM that contains copies of some of the best zoning codes in the United States and
other resources. The guide is available for purchase ($25) from the LGC bookstore at
http://www2.lgc.org/bookstore/detail.cfm?itemId=34.
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The Smart Growth Network is a nationwide effort coordinated by EPA’s Urban and Economic
Development Division (International City/County Management Association, 2000). Through
cooperative partnerships with a diverse network of organizations, EPA is working to encourage
development that better serves the economic, environmental, and social needs of communities.
The network provides a forum for information sharing, education, tool development and
application, and collaboration on smart growth issues. Smart growth approaches focus on
flexible zoning, preventive planning, intelligent management of natural resources and water
quality, and implementation of treatment and control technologies at multiple scales from
development sites to watershed planning. For more information about the Smart Growth
Network, visit http://www.smartgrowth.org or contact ICMA—Smart Growth Network, 777
North Capitol St., NE, Suite 500, Washington, DC 20002-4201; telephone 202-962-3591; e-mail
nsimon(@;icma.org.

The Mid-America Regional Council (MARC) initiated a project to raise awareness of the
relationship between land development and transportation systems. In Principles of Transit
Supportive Development, MARC (no date) presents alternative approaches to land development
that encourage a more sustainable and balanced transportation system. The organization
promotes community designs that enable citizens to walk, bike, ride transit, and drive from home
to shops, schools, and services. For more information about the potential of transit supportive
development, contact MARC at 816-474-4240 or visit their Web site at
http://www.marc.org/transportation.

The Local Government Commission (http://www.lgc.org) is a nonprofit organization that
provides peer networking opportunities, acts as an interface between city and county officials,
and provides practical policy ideas for addressing serious environmental and social problems.
The commission provides guidelines and resources for communities to improve their design,
transportation, economic development, environment, energy, and waste prevention. A list of
publications can be found at http://www?2.lgc.org/bookstore/list.cfm?categoryld=1.

The Northeastern Illinois Planning Commission published Model Stream and Wetland Protection
Ordinance for the Creation of a Lowland Conservancy Overlay District: A Guide for Local
Officials, which can be ordered from its Web site at http://www.nipc.org/pubs-services/.

The National Association of Conservation Districts” Web site (http://www.nacdnet.org) contains
a list of conservation districts across the country as well as conservation resources for districts,
educators, and the public.

In July 2001 the National Governors’ Association Center for Best Practices published New
Community Design to the Rescue. Fulfilling Another American Dream (Hirschhorn and Souza,
2001), which provides alternatives to sprawl through “new community design.” The book
includes a checklist for local governments to evaluate communities and development projects for
consistency with smart growth principles and provides examples of infill, suburban
redevelopment, and greentfields projects that have successfully incorporated new community
design principles. Innovative policies and actions taken by states to encourage new community
design are also included. This publication can be purchased at the National Governors’
Association Web site at http://www.nga.org or downloaded in PDF format at
http://www.nga.org/cda/files/07200 INCDFull.pdf.
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“Protecting Water Resources with Smart Growth” is intended for audiences such as
communities, local governments, state and regional planners already familiar with smart growth
who are now seeking additional ideas on how to protect their water resources. The document is a
compilation of 75 policies designed to protect water resources and implement smart growth. The
majority of these policies (46) are oriented to the watershed, or regional level; the other 29 are
targeted for specific development sites. The document is available for download in PDF format
at http://www.epa.gov/smartgrowth/water_resource.htm.

Getting to Smart Growth: 100 Policies for Implementation was produced by the Smart Growth
Network. The document highlights and describes techniques to help policymakers put smart
growth principles into practice. The policies and guidelines, which have proven successful in
communities across the U.S., range from formal legislative or regulatory efforts to informal
approaches, plans, and programs. The primer describes 10 smart growth principles, specific
policies for each principle, illustrations of their application in a community, and additional
resources to aid communities in implementation. The document is available online in PDF
format at http://www.smartgrowth.org/pdf/gettosg.pdf.

The concept of creating and maintaining an interconnected network of protected land and water,
called “Green Infrastructure,” is presented at http://www.greeninfrastructure.net. Green
Infrastructure supports native species, maintains natural ecological processes, sustains air and
water resources, and contributes to health and quality of life. This Web site, developed by The
Conservation Fund with support from USDA Cooperative Forestry, contains information to aid
in implementing a comprehensive conservation program and includes resources such as
searchable profiles, training information, events, and references databases.

The Southeast Michigan Council of Governments (SEMCOG) published Opportunities for
Water Resource Protection in Local Plans, Ordinances and Programs: A Workbook for Local
Governments, which is a guide for local communities to protect water resources. The workbook
provides checklists that guide users through the process of establishing a water resource
protection program. It covers a wide range of topics, including land conservation, erosion and
sediment control, public education, and pollution prevention. For each of these topics, case
studies and checklists guide users through basic tools available for master planning, regulatory
controls, and design standards. The document can be downloaded from http://www.semcog.org
or ordered by calling 313-961-4266.

EPA’s Green Communities Program encourages successful community-based environmental
protection and sustainable community development. The Green Communities Assistance Kit
provides technical assistance and training for planning green communities. Information about the
Green Communities Program can be found at http://www.epa.gov/greenkit.

Other useful EPA publications:

U.S. Environmental Protection Agency (USEPA). 1996. Green Development: Literature
Summary and Benefits Associated with Alternative Development Approaches. EPA841-
B-97-001. U.S. Environmental Protection Agency, Washington, DC. Available through
EPA’s National Service Center for Environmental Publications (NSCEP) at
http://www.epa.gov/ncepihom or by calling 800-490-9198.
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U.S. Environmental Protection Agency ( USEPA). 1998. The Volunteer Monitor. U.S.
Environmental Protection Agency, Washington DC. Available in HTML format at
http://www.epa.gov/owow/monitoring/volunteer/vm_index.html.

U.S. Environmental Protection Agency (USEPA). 1999. Model Ordinances to Protect
Local Resources. U.S. Environmental Protection Agency, Washington DC. Available in
HTML format at http://www.epa.gov/owow/nps/ordinance.

U.S. Environmental Protection Agency (USEPA). 2001. Monitoring Water Quality:
Volunteer Monitoring. U.S. Environmental Protection Agency, Washington DC.
Available in HTML format at http://www.epa.gov/volunteer.
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MANAGEMENT MEASURE 4
SITE DEVELOPMENT

4.1 Management Measure

Plan, design, and develop sites to:

— Maintain predevelopment site hydrology by using site design techniques that store,
infiltrate, evaporate, or detain runoff;

— Protect areas that provide important water quality benefits or are particularly susceptible
to erosion and sediment loss;

— Limit effective impervious area® by design and the use of management practices;

— Limit land disturbance activities, such as clearing and grading and cut-and-fill, to reduce
erosion, sediment loss, and soil compaction; and

— Preserve natural drainage features and vegetation to the extent possible.

4.2 Management Measure Description and Selection

4.2.1 Description

The goals of this management measure are to reduce the generation of nonpoint source pollution,
maintain predevelopment hydrology, and mitigate the impacts of urban runoff and associated
pollutants from all site development, including activities associated with roads, highways, and
bridges. Included in this section are management practices that can be applied during the site
planning and review process to ensure that nonpoint source pollution and increases in the volume
and rate of runoff are appropriately managed before, during, and after construction.

Although the goals of Management Measure 3 (watershed protection) are similar, this measure is
intended to apply to individual sites at the catchment level (see Figure 1.3) rather than larger
watersheds or regional drainage basins. The site development and watershed protection
management measures are intended to complement each other and be used together within a
comprehensive framework to control runoff and reduce nonpoint source pollution.

* Effective impervious area is the portion of total impervious cover that is directly connected to the storm drain

network (Sutherland, 1995). These surfaces usually include street surfaces and paved driveways and sidewalks

connected to or immediately adjacent to them, parking lots, and rooftops that are hydraulically connected to the
drainage network (e.g., downspouts run directly to gutters or driveways).
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Programs designed to control increased runoff and nonpoint source pollution resulting from site
development should include:

Predevelopment planning and review processes to ensure watershed/subwatershed and
site-level natural resource and performance goals are achieved;

Guidance on assessing and designing sites to maintain predevelopment site hydrology;

Appropriate pollution prevention practices to be incorporated into site development and
use.

Site plan review and conditional approval processes to ensure the preservation of
environmentally sensitive areas and areas necessary for maintaining natural hydrology
and water quality; and

Requirements for erosion and sediment control plan review and approval prior to
issuance of appropriate development permits.

In addition to the preceding provisions, the following objectives should be incorporated into the
site development process:

During site development, disturb only the smallest area necessary to perform current
activities to reduce erosion and off-site transport of sediment.

Avoid disturbance of unstable soils or soils particularly susceptible to erosion and
sediment loss.

Favor sites where development will conserve natural drainage areas and sensitive
environmental features, and minimize erosion, sediment loss, and soil compaction.

Revegetate the site as soon as possible after disturbance, preferably with native
vegetation.

Protect and retain existing vegetation to decrease concentrated flows, maintain site
hydrology, and control erosion.

Minimize imperviousness to the extent practicable.

Develop and implement inspection and maintenance procedures to ensure that landscapes
are maintained to avoid water quality impacts.

Use natural hydrology as a design element, and avoid alteration, modification, or
destruction of natural drainage features.

Design sites to preserve vegetated or natural buffers adjacent to receiving waters.
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— Reforest areas within the same watershed in proportion to the acreage cleared of trees.

— Use porous pavements for areas of infrequent use (see section 5.3.2.3 in Management
Measure 5).

The use of site planning and evaluation can significantly reduce the size of controls required to
retain runoff and sediment on-site. Long-term maintenance burdens can also be reduced. Good
site planning can attenuate runoff from development and can improve the effectiveness of the
conveyance and treatment components of an urban runoff management system (Anacostia
Restoration Team, 1992).

4.2.2 Management Measure Selection

This management measure was selected because the practices associated with it have been
shown to be effective in protecting natural drainage features, reducing runoff quantity, and
improving runoff quality. Site evaluation and protection of features that promote infiltration,
filtration, and on-site detention will protect receiving water quality, maintain baseflow in
receiving waters, and prevent or reduce further degradation of stream channels. Development in
and around urban areas is inevitable as population growth puts pressure on suburbs and rural
areas. This management measure recommends standards for new development that reduce
environmental damage caused by development.

4.3 Management Practices

Many of the management practices in this section are considered “better site design techniques,”
planning techniques that are intended to be used to guide the layout of new developments to
reduce the total effective impervious area, conserve natural habitats, and better distribute and
infiltrate runoff. All aspects of an individual site, including soil types, slopes, and the location of
environmentally sensitive features such as wetlands, forests, and meadows, should be examined
to identify areas that should be preserved or restored. Better site design techniques can be used to
identify the most efficient building and infrastructure layouts. It can also be used to develop a
comprehensive strategy to reduce the quantity of runoff leaving the site and minimize the amount
of pollutants generated on-site.

There are many advantages to better site design. Environmentally friendly site designs are more
likely to be accepted by local governments and the community, thereby speeding plan approval.
Site designs that preserve community open space also reduce the burden on the local government
to provide recreational areas. In addition, better site design techniques reduce the amount and
cost of infrastructure, which also in turn reduce engineering and maintenance costs. For example,
runoff storage requirements for a low-impact development neighborhood in Pierce County,
Washington, were reduced by more than 75 percent and the cost was 20 percent less than for
conventional designs. These cost savings resulted primarily from the reduced size of runoff
detention structures and the elimination of catch basins and pipes (Zickler, 2002).

Low-impact development practices can provide substantial benefits in terms of reducing the
occurrence of combined sewer overflows (CSOs). Temporarily storing runoff in urban areas can
greatly reduce the peak flow into storm water systems and provide a cost-effective way to
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mitigate basement flooding and CSOs (USEPA, 1999). Two communities in Indiana successfully
implemented street surface storage of runoff to reduce the occurrence of CSOs in a cost effective
manner while also reducing peak flows to wastewater treatment plants. The distributed storage
controls also offered some water quality benefits by temporarily detaining runoff during storms
(USEPA, 1999).

From a marketing perspective, studies have shown that lots abutting forested or other open space
are initially valued higher than lots with no adjacent open space, and over time they appreciate
more than lots in conventional subdivisions (Arendt, 1996). For example, lots in an open space
subdivision in Amherst, Massachusetts, experienced a 13 percent greater appreciation in value
compared to a conventional development after 20 years, even though the lots in the conventional
development were twice as large (Arendt, 1996).

From a quality-of-life standpoint, site designs that incorporate pedestrian paths and common
open space foster a greater sense of community among residents. House lots are closer together,
encouraging communication among neighbors. Additionally, common open space provides
recreational opportunities that further encourage community interaction.

Finally, better site design offers environmental benefits, including protection of ecologically
significant natural resources, reduction of runoff, and preservation of open space and wildlife
habitat. Maintaining open space also increases the opportunity for alternative sewage and
wastewater disposal and treatment practices such as land treatment, spray irrigation, and
reclamation and reuse. In addition, the flexibility of better site design allows designers to site
these wastewater treatment systems in the areas of the development best suited for them.

Overall, the practices presented in this management measure provide many advantages over
conventional developments and can be implemented in most communities. In some cases,
however, outdated development rules can discourage or prohibit some of these practices.
Watershed managers should review the local building codes and regulations that govern new
developments to determine whether better site design techniques are allowed or encouraged and
work with the appropriate authorities to remove these impediments.

The second edition of the Bay Area Stormwater Management Agencies Association’s Start at the
Source, which was originally published in 1997, is an excellent resource on site design issues for
watershed managers. This publication emphasizes the importance of considering runoff quality
in the early stages of land planning and design. The new edition has been updated and expanded
to include commercial, industrial, and institutional development, as well as a technical section
that provides more detailed information on the characteristics, applications, design criteria,
maintenance, and economics of the practices discussed in the document. More information about
ordering this publication when it becomes available is provided on the Bay Area Stormwater
Management Agencies Association’s Web site at http://www.basmaa.org/ (BASMAA, no date).
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Pembroke Woods Subdivision, Emmittsburg, Maryland

Pembroke Woods is a 43-acre low impact development residential subdivision that the designers halil
as the first subdivision designed and under construction using the Low-Impact Development Design
Strategies: An Integrated Design Approach manual developed by Prince George's County, Maryland
(2000a). The designers have identified significant cost savings for this development compared to the
traditional development plan created in the 1990s. These include

— Eliminating the need for 2 storm water management ponds that had been envisioned in a prior
concept plan for the site, yielding construction cost savings of $200,000.

— In place of those 2 storm water management ponds, 2.5 acres of undisturbed open space and
wetlands were conserved, with cost savings realized in eliminating wetland mitigation costs.

— An additional 2 lots were created by revising the site plan, increasing the site yield from 68 to
70 lots and adding $90,000 to the project value.

— Approximately 3,000 linear feet of roads were converted from urban road to rural road,
replacing curb & gutter with grass bioswales, yielding a savings of $60,000 in construction
costs. Also, reducing the road with from 36 feet to 30 feet in the rural road section of the
development reduced paving costs by 17 percent.

A brief project overview and contact information can be found at
http://www.buckeyedevelopment.net/lowimpactdevelopment.htm.

4.3.1 Site Planning Practices

4.3.1.1 Select site designs that preserve or minimize impacts to predevelopment site
hydrology and topography

Retaining the existing topography of a development site assists in maintaining natural drainage
features and depressional storage areas that help infiltrate and attenuate flows and filter
pollutants. Depressional storage areas, commonly found as ponded areas after storms or during
the wet season, aid in reducing runoff volumes and trapping pollutants. To help preserve natural
drainage, a developer can (Goldman et al., 1986):

— Construct buildings and parking areas on existing flat terrain;

— Locate buildings and roads along existing contours;

— Orient long buildings with the major portion parallel to contours;
— Stagger floor levels to adjust to gradient changes; and

— Fit the development to the topography.

4.3.1.2 Protect environmentally sensitive areas

Sites should be developed to avoid destroying wetlands, seeps, bogs, fens, springs, surface water
bodies, and catchment areas that are important for sustaining the hydrology of the land. In
addition, riparian buffers, both forested and covered with grasses, should be preserved to protect
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surface water bodies. Steep slopes and highly erodible areas need to be protected to avoid
landslides and soil movement into water bodies.

The increase in storm water runoff that results from urban development can dramatically impact
the ecology of wetlands and other areas by altering characteristics of hydrology, water quality,
and soil (USEPA, 1996). Urban development can also result in ecological changes due to
fragmentation and habitat destruction. If the development of a site changes runoff characteristics,
measures should be taken to prevent negative impacts to wetlands and other features. For
example, Pohlig Builders of Malvern, Pennsylvania, incorporated measures to protect wetlands
into its building plan after homeowners opposed the construction of seven high-end homes
adjacent to a wetland area. Pohlig designed a vegetative filter strip to buffer runoff from the
homes and provide treatment before runoff reached the wetlands. The filter strip was designed to
eventually grow into a wooded area to enhance aesthetics and benefit water quality. A level
spreader was added to convert concentrated runoff to sheet flow that can be more effectively
treated, and extra erosion and sediment control measures were used during construction. The
total additional cost of these measures was $30,000 (NAHB, 2003).

4.3.1.3 Practice site fingerprinting

The total amount of disturbed area in a site can be reduced by “fingerprinting” development, i.e.,
placing development in the most environmentally sound locations on the site and minimizing the
size of the disturbed area and ultimate development footprint. Fingerprinting places development
away from environmentally sensitive areas (wetlands, steep slopes, etc.), future open spaces and
restoration areas, areas with trees to be saved, and temporary and permanent vegetative forest
buffer zones. At a subdivision or lot level, ground disturbance is confined to areas where
structures, roads, and rights-of-way will exist after construction is complete. Other site-level
fingerprinting practices include reducing paving and compaction of highly permeable soils,
minimizing the size of construction easements and material storage areas, minimizing
impervious areas in the site design, clearly demarcating the disturbance area, maintaining
existing topography and drainage divide, and disconnecting impervious areas (Prince George’s
County, Maryland, Department of Environmental Resources, 2000a).

4.3.1.4 Use cluster development

Cluster development is used to concentrate development and construction activity on a limited
portion of a site, leaving the remainder undisturbed. Figures 4.1 and 4.2 show schematics of a
residential cluster development and a rural cluster development. Clustering allows the design of
more effective urban runoff management systems and reduces overall site-level erosion and
sediment impacts. It also provides a mechanism to preserve environmentally sensitive areas and
reduce infrastructure such as wastewater treatment systems, roads, sidewalks, and parking areas.

In addition to its environmental benefits, clustering can result in cost savings for municipalities
because clustering and infill development typically require less new infrastructure, such as urban
runoff treatment systems. The imposition of density controls may preclude clustering. Although
minimum lot size requirements are useful in some instances, such as farmland preservation (see
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Management Measure 3), zoning ordinances should not preclude the implementation of clustered
development as an alternative to conventional suburban development.

Figure 4.1: Schematic of a residential cluster development (Schueler, 1995).
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Figure 4.2: Schematic of a rural cluster development (Schueler, 1995).
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4.3.1.5 Create open space

Open space development is a technique that concentrates development on one area of a site in
exchange for open space in another area. Benefits associated with open space design include:

A 40- to 60-percent reduction in impervious cover compared to conventional
development designs;

Increased property values;

Reduced construction and development costs;

Common recreational facilities (i.e., pedestrian paths, picnic areas, and athletic fields);
Reduced infrastructure;

Improved quality of life; and

The use of community onsite/decentralized systems (see Nutrient Export case study
below).

The following are some techniques for conserving open space:

By-right open space development. This technique allows increased density on one portion
of a site in exchange for open space on another portion. A large percentage of this open
space can be dedicated as conservation land. To encourage open space development,
municipalities can draft ordinances so that this is a “by-right” option, as opposed to a
special exception or variance.

Density compensation. This technique allows developers to increase housing density to
offset potential housing lots lost to on-site buffers or other conservation lands.

Storm water credits. Credit is given for implementation of source controls that reduce
runoff volumes and pollutant concentrations before the remaining runoff reaches
structural controls. Because performance is typically measured by comparing influent
runoff to effluent runoff, storm water credits benefit operators of structural controls
because credit for pollutant removal occurs before treatment.

Property tax credit. The property tax credit is a technique for reducing, deferring, or
exempting property taxes on conservation land. Typically, conservation easements are
exchanged for the property tax credit.

Density bonus. This bonus allows developers to increase density above base zoning
density in exchange for conserving natural areas.

Off-site mitigation. This term refers to the restoration or creation of wetlands in a
designated off-site area if on-site wetlands are adversely affected and on-site mitigation is
not feasible.
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Randall Arendt (1996), in his book, Conservation Design for Subdivisions: A Practical Guide for
Creating Open Space Networks, presents a plain-language, illustrated guide for designing open
space subdivisions. This publication is available from Natural Lands Trust, Inc., 1031 Palmers
Mill Road, Media, PA 19063; phone 610-353-5587. The following topics are covered:

— Open space vs. conventional developments;

— Economic, social, and environmental benefits of open space designs;

— Roles and responsibilities of stakeholders in site development;

— A stepwise approach to designing an open space subdivision (discussed below);
— Ideas for creating an interconnected open space network;

— Seven case studies;

— Methods to modify existing regulations to encourage open space design;

— Management techniques for conservation lands;

— Sample house plans for open space subdivisions;

— Sample advertisements for developers to capitalize on open space design benefits; and
— Model ordinance provisions.

Arendt’s multi-step process for creating conservation subdivisions involves two stages. The first,
called the background stage, involves identifying the characteristics of the surrounding landscape
and existing development and analyzing and delineating significant features of the site. The
second stage involves integrating the site’s feature information into a map and prioritizing
conservation lands based on the features deemed most important, while maintaining the quantity
of land necessary to develop the site to the desired density.

The background stage involves examining the surrounding landscape and existing development
to identify conservation areas. It includes the following practices:

(1) Understanding the locational context. The layout of new development should consider
proximity to traditional small towns or villages; if existing development is nearby, the design
of the new community should reflect and extend the historical streetscape and pattern. In
rural areas located away from existing development, informal, irregular, “organic” layouts
can be used successfully without detracting from the surrounding landscape.

(2) Mapping natural, cultural, and historic features. A thorough analysis of a site’s special
features that may enhance or constrain development is an important step in planning a new
development. Special features might already have been identified in a natural resources
inventory conducted by local government or land trust organizations. The site analysis should
include site visits and identify the conservation areas described in this section.

The following conservation areas are legally or logistically unbuildable and therefore must be
avoided:

— Wetlands. Tidal and non-tidal saltwater and freshwater wetlands and the dry upland
buffers surrounding them should be identified as areas to be conserved because they
filter runoff, provide critical habitat at the land-water interface, and offer
opportunities for recreation and environmental education. Soil survey maps, National
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Wetlands Inventory maps, state or environmental agency wetland maps, or on-site
delineations can be used to determine the extent of wetland habitat on the site.

— Floodplains. The 100-year floodplain, which can be determined from floodplain maps

published by the Federal Emergency Management Agency (FEMA) (see
Management Measure 2), sho