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Section 1
Introduction
Key Points
• This Stormwater Management Planning Manual is a guidance document for
municipalities
• The Manual presents a general planning approach to stormwater management on a
watershed basis
• This section highlights the major planning steps

1.1 Introduction
The Westchester County Stormwater Management Planning Manual (Planning
Manual) is the result of a project commissioned by the Westchester County
Department of Planning. The Planning Manual’s intent is to provide a planning
framework for municipalities with which to manage stormwater on a watershed
basis. In this way, stormwater management planning will occur within the parameters
that hydrology and watersheds impose. By developing a watershed-wide planning
approach, it will become easier to develop land use plans and zoning ordinances that
encourage proper stormwater management, and that protect the natural hydrologic
cycle and stream habitat from being degraded by improper development. The
Planning Manual is intended as a complement to the New York State Stormwater
Management Design Manual, which can be downloaded from the NYSDEC website
(http://www.dec.state.ny.us).
The Planning Manual is written as a guidance document for local officials on the
municipal level, not as a set of required procedures. It reflects many of the recent
developments in improved stormwater management that are being encouraged in
many neighboring states. New York State’s Stormwater Management Design Manual
focuses on site specific stormwater management practices (SMPs) for new
developments and presents very specific design criteria that will be required as part
of a permit application. The Planning Manual has a broader focus: to help local
officials understand the watershed management planning process. It guides them
through the data collection, data analysis, and stormwater modeling steps that are
vital to developing a watershed-based stormwater management plan. It presents an
approach to assessing the current and future condition of the watershed, and provides
guidance on selecting SMPs to meet two watersheds goals:
•

the prevention of deterioration of surface water quality and damage to the
streams and riparian habitats, and

•

the restoration or repair of already impacted stream systems.

As part of the development of the Planning Manual, one subwatershed was singled
out to demonstrate how the planning approach can be applied. The County selected
Hallocks Mill Brook as the demonstration subwatershed. Thus, in addition to a
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description of the overall planning process, various elements of the planning process,
as carried out in the demonstration project, are included in the Planning Manual. For
example, a stormwater model was developed for Hallocks Mill Brook to simulate
stormwater runoff and runoff related pollutant loading to the stream.

1.2 Structure of the Planning Manual
To help the reader better understand the planning process, an illustrative example of
the Hallocks Mill Brook watershed is presented. This is done by dividing the planning
manual into a right and left side. The right side of the manual is designed to be a
complete stand-alone document that details the stormwater planning approach. The
left side is designed to clarify the concepts presented on the right side and is not
written as an independent document. Rather, the left side is designed to supplement
the right side of the manual with text, graphics, tables, and charts. The illustrative
example is not relevant throughout the document, and is only presented where
appropriate.
The Planning Manual has nine chapters. Chapter 1 is the introduction, and gives a
general overview of the stormwater management planning process. Chapter 2
discusses the development of an initial set of planning objectives. Chapter 3 discusses
data collection needs. Chapter 4 introduces one of the key field studies required to
better understand the watershed: Fluvial Geomorphic Assessment. Chapter 5 is
devoted to the development of a stormwater model of the watershed for both
estimates of runoff rates and volumes, as well as for estimates of pollutant loading.
Chapter 6 discusses several key aspects of data analysis. Chapter 7 describes the
process of defining the problems to be addressed within the watershed through
modeling and data analysis, as well as the process of adjusting and finalizing
planning objectives. Chapter 8 discusses the prioritization process used to identify
highly impaired areas of a watershed. Chapter 9 briefly touches on the selection of
Stormwater Management Practices (SMPs) and the conceptual design of SMPs, but
refers to the New York State Stormwater Management Design Manual as the primary
guidance document for design.
Technical memorandums were placed at the end of selected chapters to provide
greater detail on specific methods, tools, and techniques that can be used in the
planning process. The intent of these “Tech-Memos” is to provide valuable
information for engineers, scientists and planners without complicating the manual
for the broader target audience.

1.3 Planning Approach
Stormwater management planning is similar to most planning efforts, and benefits
greatly from an organized, step-by-step approach that emphasizes both technical
analysis and stakeholder interaction. For this manual, the planning process has been
broken down into a number of steps, each of which is briefly described below.
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1.3.1 Initial Problem Definition and Planning Objectives
The importance of planning on a watershed basis is now generally recognized, and
many states are reorganizing their permitting and planning requirements to reflect
natural watershed boundaries rather than political boundaries. This does, however,
make the planning process more difficult to organize. The first step in the planning
process is to gather information from the major stakeholders within the watershed on
the problems that they perceive within the watershed, and the planning objectives
that they wish to achieve to address the perceived problems. This is important
because there are usually multiple stakeholders, and they often have different reasons
for wanting stormwater planning and management to occur. In many cases, the
various objectives will overlap or complement each other, but there are often
conflicting objectives as well. Fortunately, stakeholder groups and a stakeholder
process are already well established within the Croton Watershed through prior
programs, and this step has, in many cases, already been accomplished.

1.3.2 Data Collection
The next step in the process is data collection. Based on the preliminary planning
objectives, as well as the generally recognized categories of basic data required for
effective stormwater management planning, a data collection program should be
established. This can include collection of available data from existing sources, as well
as field studies. The data collection program should be carefully planned to gather the
data needed for the development of stormwater models, for the development of
planning scenarios, and for the assessment of the present condition of the streams and
stream habitats.
In most cases, the data will need to be put into a database and a Geographic
Information System (GIS) that allow the project team to effectively analyze the data.

1.3.3 Stream Assessment
Stream assessments provide a powerful means of determining existing and potential
watershed problems influencing water quality. Walking the individual streams and
stream networks reveal subtle, and at times, severe changes occurring throughout the
watershed. As a direct expression of the watershed, streams reflect the local
physiography, geology, climate, and land use.
Stream assessments involve walking the streams within the watershed, recording key
information, and collecting data essential for characterization and assessment of the
health of the watershed and stream system. The process provides information on
channel stability, riparian and aquatic habitat, sediment supply, the amount of water
the channel can convey, areas of erosion and sedimentation, and sources of impacts to
the stream channels. This information, when coupled with stormwater runoff
modeling, forms the heart of the data collection and analysis effort required for
watershed based stormwater management planning.
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1.3.4 Stormwater Modeling
A key component of watershed planning is the development of a stormwater
management model. Stormwater models take rainfall data and calculate stormwater
runoff reaching the stream from the entire watershed. The model should be capable of
using actual rainfall data from a rain gage on a daily, hourly, or even shorter
measurement interval over a representative period of time, e.g. 5 or 10 years. The
model tracks how much water evaporates, infiltrates into the ground, or runs off into
the stream. It should also provide the ability to simulate non-point source
contaminant loading for water quality parameters of concern. There are numerous
models available, including the USEPA Storm Water Management Model (SWMM). A
simpler approach to estimating pollutant loads from non-point sources is provided in
Appendix A of the NYS Stormwater Management Design Manual. This “simple
method” provides approximate estimates of annual average pollutant loads, and can
be used as a first step prior to more complex watershed modeling.

1.3.5 Data Analysis
Once the data collection has occurred and modeling results are available, the data and
information must be analyzed. The primary components of the data analysis step
include:
•

Characterization of water quality, including comparison with applicable water
quality standards

•

Characterization of stream flow

•

Comparison of stream flows with channel carrying capacities

•

Analysis of land use patterns and trends to identify potential non-point
sources of pollution

•

Identification and analysis of potential point sources of pollution

•

Identification of areas of erosion, flooding, sedimentation, and aquatic habitat
degradation

1.3.6 Problem Definition
In many planning studies, problem definition is considered the first step in the
planning process, and is one of the primary functions of the stakeholder committee.
Once accomplished, the list of defined problems guides the activities of the project
team and provides the focus for the implementation of the plan. For the Croton
Watershed, the existing stakeholder process will usually already have identified
numerous concerns and problems relating to stormwater, the health of the stream
system, and the water quality within the stream. It is important to remember,
however, that in most cases, these concerns were expressed without the benefit of
some of the detailed data collection, modeling, and data analysis accomplished under
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the stormwater management planning process. The water quality and flow data
analysis, analysis of land use trends, stream assessment, and stormwater modeling all
provide critical data and insight to sharpen and clearly define the problems within the
watershed.
For this reason, problem definition should not be thought of as an “up-front”
stakeholder activity. Problem definition benefits greatly from a more continuous and
adaptable approach, consisting of:
•

Initial listing of problems and concerns by stakeholders

•

Data analysis by the project team

•

Presentation of technical analysis results to the stakeholders

•

Adjustment of problem priorities based on results of the technical analyses
through stakeholder consensus building

The adjustment of the list of perceived watershed problems from the already existing
stakeholder process is accomplished by confronting initial perceived problems with
the problems established through data analysis and modeling. This process often
reveals the existence of problems not identified by stakeholders. It may also provide
evidence that some of the perceived problems that have been identified may not, in
fact, be relevant to the watershed.
Using the additional insight gained from the results of the various analyses,
stakeholders should be given the opportunity to develop a final list of prioritized
problems that reflect the results of the analyses balanced with the concerns of the
stakeholders.

1.3.7 Planning Objective Consensus
Once the problems have been identified and prioritized, clearly defined planning
objectives must be established. The distinction between problems and objectives is
often blurry. Problems are what is presently wrong within the watershed, or what
changes might occur in the watershed that will result in degradation of the water
quality or stream habitat. Objectives are measurable, clearly defined planning targets
to solve the problems or prevent degradation. For example, a problem might be
erosion of a stretch of stream, or flooding at a particular intersection. The objectives
might be to achieve a stable channel configuration, or to limit flooding at the
intersection to storms of 25-year frequency.
The establishment of planning objectives from the finalized list of problems must be
done through the stakeholder process to achieve as much consensus as possible.
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1.3.8 Management Alternatives/SMP Selection
With the development of consensus on the planning objectives, specific management
alternatives can be developed which represent the recommendations of the plan. The
selection of projects for implementation should follow a carefully designed evaluation
process to ensure that the highest priority and most cost effective projects are
implemented first.

1.3.9 Stormwater Management Practices
It is often helpful to think of management alternatives as consisting of two types of
activities. The first type of activity consists of specific measures to prevent further
degradation of stream habitat and water quality through implementation of SMPs for
new developments, public education, or changes to zoning and stormwater
ordinances. Management alternatives and SMPs for the purposes of preventing
further degradation to the watershed must be designed and implemented. Some
general site design recommendations are provided in this Planning Manual, however,
the reader is referred to the New York State Stormwater Management Design Manual
as the primary guidance document for design of SMPs. The reader is also reminded
that additional design criteria may be applicable in areas subject to New York City’s
Watershed Rules and Regulations (WRR).
The second type of activity consists of specific measures to restore or improve already
degraded stream habitat and water quality through specific stormwater projects such
as channel restoration, bank stabilization, wetland creation, and urban retrofits of
SMPs. Once the watershed planning has been completed, management alternatives
and SMPs for the purposes of watershed restoration must also be designed and
implemented. This phase is outside the scope of this Planning Manual. The reader is
referred to the New York State Stormwater Management Design Manual as the
primary guidance document for design of SMPs. The Planning Manual does,
however, contain detailed information on prioritizing sites for restoration. In
addition, Appendix A contains conceptual designs for several sites in the Hallocks
Mill Brook Watershed that illustrate several options for tackling variable site
conditions.
Following the selection, design and implementation of SMPs, a monitoring and
evaluation program should be established to ensure that the SMPs are achieving the
objectives for which they were intended. This ongoing process also will help to ensure
that the planning process adapts to emerging technologies, changes in environment
and changes in objectives

1-6

Section 2
Problems and Planning Objectives
Key Points
• Preliminary planning objectives are those objectives identified by the existing
stakeholder process or by a newly formed stakeholder group at the beginning of the
planning process.
• In the Croton Watershed, stakeholders may already have identified many of the issues
and concerns through existing stakeholder groups
• Stakeholder input is needed to provide local knowledge and to establish planning
priorities.
• Initial planning objectives should be tested against the results of the technical analyses
The planning process should start with the identification of preliminary planning
objectives. This can only be done through stakeholder participation. A successful
stormwater plan requires consensus from all parties with an interest in the future of
the area’s water resources. This requires stakeholder participation throughout the
planning process. Usually, it is easier to work with a representative group of
stakeholders, organized into a Technical Advisory Committee (TAC).
Within the Croton watershed, there have already been planning and stormwater
related studies carried out in the past. Many of these studies involved stakeholder
participation. The first step, therefore, is to identify any existing stakeholder groups
and to identify planning objectives that already exist from prior work within the
watershed.
If a more local, focused watershed TAC is planned, the makeup of the TAC should be
as broad as possible, and should combine interest groups, lay people, professional,
and government regulators. Combining stakeholders into one group allow the lay
members to better understand the technical issues. It also allows the professional
members to become more familiar with the “layman’s” concerns and perceptions, and
it helps to reconcile differing points of view through mutual education and
compromise.

2.1 Preliminary Problems and Objectives
A proven approach to actively engage the TAC in the process of planning is to
identify, discuss, and catalogue all technical and stakeholder issues during a
preliminary stakeholder meeting. It is not the intent of the preliminary stakeholder
meeting to reach agreement on problems and objectives, but to catalogue and
acknowledge all issues. Consensus will be sought later in the process once the
technical work has been completed. This initial meeting, often called a “visioning
process”, should result in a complete list of perceived problems and concerns.
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2.2 Stakeholder Interaction
Recognition of differences and compromise are the keys to a successful stakeholder
process, but this will not happen at an initial meeting. Compromise and consensus are
goals that can only be achieved through the learning process as the technical analyses
are completed and presented. The TAC should meet as important results from the
technical analyses become available, to go over the results and to discuss the
implications. This process of educating the TAC and the project team is critical to
reaching consensus later in the project. During subsequent meetings, the problems
and issues identified during the preliminary meeting are continually tested against
the results of the various technical analyses (stormwater modeling, water quality and
quantity trend analyses etc.) as they become available. It will often be found that
many of the perceived problems initially identified by the TAC are less critical than
were originally thought, and in some cases, are not even realistic concerns. Others
will be supported by the data, and some problems not initially flagged by the
stakeholders will be uncovered by the data analysis.
Working towards consensus on problems and objectives later in the planning process,
with the support of sound, scientific analysis, works very well in moving most
stakeholders toward a workable plan that all can agree to implement. The final set of
issues, supported by data analysis, then becomes the focus for the development of the
final planning objectives.
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Tech Memo 2.1
Stakeholder Participation
A complete stakeholder program has many elements. A well-run stakeholder
involvement process should:
•

provide representation of all key stakeholder groups,

•

inspire participation of stakeholder representatives at stakeholder committee
meetings,

•

allow for development of specific program goals,

•

use the meetings as a forum where consensus is built around the project goals
and appropriate methods to achieve these goals,

•

provide stakeholder representatives with information necessary to support
informed decision-making by the broader stakeholder group,

•

establish a mechanism for future decision making and problem resolution.

Frequently used approaches to stakeholder participation and public education
include:
•

Public meetings for information exchange

•

Periodic meetings and active participation in the planning process of
stakeholder groups

•

Information dissemination using newsletters, websites, and local libraries and
schools

•

Workshops, field trips, stream cleanup days, and other participatory activities.

This memorandum focuses only on the stakeholder role during the stormwater
planning process. The first step is to identify the major stakeholders within the
watershed. This is important because there are usually multiple stakeholders, and
they often have different reasons for wanting stormwater planning and management
to occur. In many cases, the various perspectives of stakeholders will overlap or
complement each other, but there are often conflicting objectives as well.
A list of potential stakeholders should be developed, and an active and representative
stakeholder group formed. This is often called the “Technical Advisory Committee”,
or TAC. Stakeholders commonly included in a TAC are:
•

local and state government staff (e.g. NYSDEC, NYCDEP Bureau of Water
Supply, Westchester County Department of Planning, municipal government
zoning or environmental boards, and Town Engineers),
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•

members of the economic development community (e.g. Chamber of
Commerce, the homebuilders association, major developers),

•

significant users of surface water (e.g. industry, large agricultural tracts, public
water suppliers, and even fire departments),

•

larger discharges to the watershed (wastewater treatment plants, permitted
industrial dischargers)

•

natural resource management organizations and scientific groups (e.g. USGS
and Water Resources Research Institutes),

•

concerned institutional landowners (e.g. golf courses, corporate centers,
universities)

•

agricultural organizations

•

natural resource conservation services and cooperative extension services

•

watershed organizations and environmental organizations

•

sport fishing associations

Once stakeholders have been identified and a representative TAC assembled, a
process of stakeholder participation must also be established. The following steps can
be followed to establish initial stakeholder participation within the stormwater
planning process:
•

early identification of existing stakeholder groups and other potential
stakeholders,

•

appointment of a representative of each key stakeholder group to the TAC

•

preliminary identification of the issues related to the watershed perceived as
critical by stakeholders, including resource protection, stormwater
management, flooding, water quality, land development, planning policy
issues, and shared or fragmented responsibility for stormwater management

•

periodic meetings of the TAC for presentation of technical analysis results

The project team should hold initial meetings with the TAC to list all the perceived
problems related to stormwater and the health of the watershed streams, and to
establish initial project objectives. These objectives will help define the concerns of the
community about the watershed, and also help to focus the data collection and data
analysis efforts. It is important, however, to recognize that these are perceived problems
and initial planning objectives. After the data collection and analysis portions of the
planning process have occurred, additional TAC meetings should be held to present
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the results. Once the TAC is fully informed of these results, the problems and
objectives must once again be examined for relevance and applicability in light of the
knowledge gained from the results of the field studies, data analysis, and modeling.
The TAC should then provide priorities for the final list of problems and planning
objectives to guide the project team towards an implementation plan.

TM 2.1-3

Data Collection
A data collection program was established as the first step to developing a
stormwater management plan for the Hallocks Mill Brook. The program initially
focused upon compiling all available existing data, and then assessing additional data
needs. A field data collection program was then established to acquire important
missing data.
Data required for developing a stormwater management plan was compiled from a
number of sources. These included:
•

Westchester County Geographic Information Systems (GIS)

•

National Climatic Data Center (NCDC)

•

United States Geological Survey (USGS)

•

US Census

•

New York City Department of Environmental Protection (NYCDEP)

•

Westchester County Department of Planning

•

Local Municipalities

•

Interviews with Municipal Officials

•

Field Visits

The field data collection program included interviews with municipal officials, site
visits, and stream assessments.

Section 3
Data Collection
Key Points
• A carefully planned and well-organized data collection program is a critical early step
in the planning process.
•

In the Croton Watershed, there is a considerable amount of data available for
stormwater management.

•

The data is used to understand the characteristics of the watershed.

•

This data can also be used to develop stormwater models and to analyze non-point
sources of pollution.

A carefully planned and well-organized data collection program sets the stage for the
stormwater management planning process. It is recommended that all existing data
be collected and analyzed prior to developing a field data collection program. Once
gaps in existing data are identified, an efficient approach to data collection in the field
can be developed. Data collection is expensive, and the data collection program
should be focused to gather only the information needed for the planning approach. It
may be organized in a Geographic Information System (GIS) and database so that it
can be efficiently accessed and analyzed.
There are a number of basic data categories for which data must be assembled for
developing a stormwater management plan. These include:
•

Precipitation data (preferably hourly)

•

Stream flow data (preferably daily flows)

•

Water Quality data

•

Land use data

•

Information on the storm sewers and stormwater management structures
(basins, culverts, constructed wetlands, stormwater discharge points, etc.)

•

Soil data (needed to estimate runoff)

•

Stream morphology data (stream channel type and shape, slope, flood
plain characteristics, etc.)

•

Projections of future population or development

In general, most data can be stored in a database linked to a GIS. The software used is
a matter of personal preference, and can range from simple spreadsheets to a fully
designed, user-friendly database system.
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Geographic Information Systems (GIS)
The ESRI suite of Arc products was used to develop a Geographic Information System
(GIS) database for the Hallocks Mill Brook Watershed. The data was compiled,
organized, viewed, and analyzed using the GIS.
The majority of GIS data was obtained from the Westchester County GIS website.
Additional data was obtained from the NYCDEP and the Town of Yorktown, one of
two municipalities encompassing the Hallocks Mill Brook subwatershed. Efforts were
made to obtain data from the Town of Somers, but no GIS data were available. Data
from all sources were compared for accuracy and completeness. Final data sets were
selected from a single source or a combination of sources.
Information obtained through field visits was used to update existing GIS data layers,
or to create new data layers. Digital aerial photography obtained from the New York
State GIS Clearinghouse website and digital USGS quadrangles were incorporated
into the GIS for background, data enhancement, and data verification.
The working GIS dataset was used to analyze and manipulate data necessary for
watershed planning and stormwater modeling. A series of base maps was produced
depicting relevant watershed planning attributes, such as the hydrologic network and
land use. GIS was used to develop tables of information necessary to develop the
stormwater model, and then to display the results of the model.

Data Layers
Using GIS, a series of base maps were produced to illustrate the Hallocks Mill Brook
Watershed. Physical settings, land use, degree of impervious surface, hydrologic
features (e.g., streams and wetlands), transportation systems, drainage basins, and
other relevant watershed planning aspects were all depicted in the base maps. The
following figures demonstrate the mapping:
Figure HMB 3.1 – Westchester County Drainage Divides

Figure HMB 3.2 – Hallocks Mill Brook
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3.1 Geographic Information Systems (GIS)
A GIS is an important tool for stormwater planning. Collected data can be easily
organized and later analyzed with the aid of GIS. Westchester County maintains an
extensive library of GIS data. The data is available for download, free of charge, from
http://giswww.co.westchester.ny.us/. In addition to the county data, municipalities
may be able to provide GIS data. Municipal data can sometimes be more detailed or
current, and should be acquired if possible for comparison with existing data. When
multiple sources of data are available, an effort should be made to obtain the most
comprehensive and accurate available data, either from a single source or from a
combination of sources.
A working GIS data set provides both a visual and analytical tool for watershed
management. The GIS allows the production of graphical representation of a variety
of watershed properties. For example, GIS maps can be prepared showing such
features as geologic properties, water quality analysis results, or the results of stream
assessments. Analyzing and manipulating data contained in GIS data layers also
generates key information and tables required to adequately construct a stormwater
model. Model output data can be incorporated back into the GIS data set to generate
visual aids for analyzing model results, to assess current watershed conditions, and to
develop planning scenarios.

3.1.1 Data Layers
The first step in developing an efficient operating GIS is gathering and organizing
available data layers. Attention should be given to those data layers that will provide
information relevant to watershed management planning.
Examples of relevant data layers include:
•

Watershed Drainage Divides (i.e., watershed boundaries)

•

Storm or Combined Sewers

•

Land Use

•

Hydrologic Features

A comprehensive list of data layers useful for watershed management is provided in
Technical Memorandum 3.1. More detailed information is provided for some of the
more important layers specific to more narrowly defined, stormwater management
planning, which can be considered a part of comprehensive watershed management.
The maps and data layers should be put into the GIS system. If they are not currently
available, then the need for developing the maps and data layers will depend upon
the precise objectives of the watershed planning effort. Topographic maps and aerial
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Watershed Delineation
Figure HMB 3.3 Delineated Hallocks Mill Brook
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With the aid of GIS, the county USGS Digital
Elevation Model was used to delineate the
Hallocks Mill Brook watershed into 56 smaller
drainage units. This was done based upon natural
drainage patterns due to land surface elevation
and to include desired analysis points. These
drainage units will eventually become the
foundation for developing a stormwater model
and identifying potential stormwater problem
areas within the subwatershed.

61

The Hallocks Mill Brook watershed is composed
of a wide variety of land use types. Within the
Town of Yorktown, the Hallocks Mill Brook
watershed is comprised of mostly residential land
use with some open space and parkland. Within
the Town of Somers, agricultural land is present as well. A land use coverage for the
Hallocks Mill Brook watershed was developed first using the 1995 county land use
coverage. This was updated using the more detailed information contained in the
county agricultural coverage, the county wetlands coverage and the county water
coverage.
63
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Figure HMB 3.4 Development of Land Use Layer

The primary use of land use information was for
stormwater modeling and pollutant loading
modeling. To simplify this, the land use layer
provided by the County website was consolidated
into 4 land use classifications based upon
uniqueness of pollutant loading factors,
infiltration parameters and runoff parameters. The
agricultural layer was classified according to the
primary agricultural land use as either fertilized
or pasture so that different pollutant loading
event mean concentrations could be applied to
modeled runoff. With the additions of water
wetlands, 8 land use classifications were used for
modeling.
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photography can also be included in the GIS to provide a visual backing for the GIS
layers.

3.1.2 Watershed Delineation
One of the primary GIS maps for stormwater management shows the boundaries of
watersheds and subwatersheds. The Croton Watershed is one of six major drainage
divides within Westchester County (here called watershed). There are forty-eight
minor drainage divides within the Croton Watershed (here called subwatershed).
Detailed watershed planning and stormwater modeling of subwatersheds often
requires that the subwatersheds be further divided into even smaller units. This
delineation can be performed manually using mapped contours or digitally with the
aid of GIS.

3.1.3 Land Use Data
The response of a watershed to rainfall is highly influenced by land use. In general, a
watershed in its natural land use state will have reached an equilibrium. This
equilibrium is evident in healthy streams and habitats. Increasing urbanization
without proper stormwater management practices disrupts this equilibrium and
increases stormwater flows, causes peak flows to increase, and negatively impacts the
health of a watershed. Because increasing impervious surfaces through development
increases precipitation runoff quantity and flow rates, the effects of these increases
will eventually be seen in higher flooding frequencies, stream erosion and
sedimentation, and habitat impairment.
Stormwater runoff is being seen as an increasingly significant nonpoint pollution
source. “By the mid-1970’s, stormwater runoff generally was considered to contribute
as much as half of the total pollutant loading discharged to the nation’s surface waters
from all sources” (Smullen, Shallcross, Cave, 1999). Estimating pollutant loading to
streams from stormwater runoff is a function of land use classification, and requires a
good understanding of land use patterns within the study area. Table 3.1 summarizes
non-point source pollutants typically found in stormwater.
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Figure HMB 3.5 Finalized Land Use Map
Hallocks Mill Brook
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The final land use coverage was updated using
population data from the 2000 census. Areas with
populations greater than one person per acre were
changed to residential land use.
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Table HMB 3.1 – Land Use Consolidation

O riginal County Land Use Classification Consolidated Land Use Classification
Agricultural – Fertilized
Agricultural 1
Agricultural - Pasture
Cemetery
Nature Preserve
Private Recreation
Public Park Active
Forested
Public Park Passive
Undeveloped
Water Supply
Commercial
Institutional
Manufacturing
Mixed
Mixed Commercial & Residential
Office
Transportation / Utility
High Density Residential
Medium Density Residential
Residential
Low Density Residential
Very Low D ensity Residential
Water Body
Water
-

Wetlands

Notes:
1.

A gricultural land us e w as ex panded using the agriculutural dis tric t GIS coverage

2.

Wetlands land use w as dev eloped using the w etlands GIS c ov erage

2
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Table 3.1. Listing of Typical Nonpoint Source (NPS) Pollutants Found in Runoff from Developed Areas
(Terrene Institute 1994)
Common Nonpoint
Source (NPS) Pollutants
Sediment

Total Phosphorous (TP)

Total Nitrogen (TN)
Chemical Oxygen
Demand (COD)
Bacteria

Zinc

Copper

Lead

Oil and Grease

Arsenic

Cadmium

Chromium

Pesticides

Impacts of Pollutants
Fills in ponds and reservoirs with mud. Contributes to the decline of submerged aquatic
vegetation (SAV) by increasing turbidity and reducing the light available for
photosynthesis. Acts as a sink for nutrients and toxicants and as a source when
disturbed and re-suspended. Fills in and eliminates habitat space between rocks and
other features that are otherwise used as habitat by fish and aquatic species.
A contributing factor to eutrophication (over-enrichment of nutrients) in water bodies
that creates subsequent algal blooms. Algal blooms contribute to the decline of SAV and
aquatic species by reducing the light available for photosynthesis, and decreasing the
level of dissolved oxygen (DO) available to support aquatic species, and may cause
changes in the composition of plankton and fish species.
Like phosphorus, contributes to eutrophication and algal blooms, and subsequent
decreased photosynthesis and decreased DO.
Decreases the concentration of DO. Low DO concentration and anaerobic conditions
(complete absence of DO) can lead to fish kills and unpleasant odors. Primarily released
as organic matter in the “first flush” of urban runoff after a storm.
High concentrations can prevent human contact sports and recreation such as
swimming, boating, etc. Also contributes to increased need for treatment of raw water
withdrawn for public water supplies.
Most commonly found toxic metal in the mod-Atlantic region; chronically exceeds EPA
water quality criteria. Primary cultural source is the weathering and abrasion of
galvanized iron and steel.
Chronically exceeds EPA water quality criteria. Primary cultural source is a component
of anti-fouling paints on boat hulls and from leaching and abrasion of copper pipes and
brass fittings. An important trace nutrient, it can be bio-accumulated and, thereby, create
toxic health hazards within the food chain and increase long-term ecosystem stress.
Lead from gasoline burning in automobiles is less a problem today because of unleaded
gasoline. However, lead from scraping and painting bridges and overpasses remains.
Chronically exceeds EPA water quality criteria. Attaches readily to fine particulates that
can be bio-accumulated by bacteria and benthic organisms while feeding. Lead has
adverse health hazards when consumed by humans.
Toxicity contributes to the decline of zooplankton and benthic organisms. Accumulates
in tissues of benthic organisms; a threat to humans when consumed directly or when
passed through the food chain. Primary cultural source is automobile oil and lubricants.
An important trace metal, it can be bio-accumulated and, thereby, create toxic health
hazards within the food chain and increase long-term ecosystem stress. Increased
toxicity for spawning and juvenile fish. Primary cultural source is fossil fuel
consumption.
Primary cultural source is metal electroplating and pigments in paints. It can be bioaccumulated and, thereby, create toxic health hazards within the food chain and increase
long-term ecosystem stress.
An essential trace nutrient. Primary cultural source is metal electroplating and as a
component of paint pigments. It can be bio-accumulated and, thereby, create toxic health
hazards within the food chain and increase long-term ecosystem stress.
Primary cultural source is agricultural farmlands, residential and institutional lawns,
large turf management areas (golf courses, etc.). It can be bio-accumulated and, thereby,
create toxic health hazards within the food chain and increase long-term ecosystem
stress.

Land use information for watershed management planning is available in the form of
GIS maps. Land use data can be enhanced by combining multiple data layers to
obtain additional information. For example, agricultural data layers containing
information on the type of agricultural land use can be used to further define a
generic agricultural category so that more accurate estimates of pollutant loading can
be applied. Other sources of land use information include aerial photography, zoning,
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Land Surface Imperviousness
Table HMB 3.2 Estimates of % Impervious Surface by Land Use

Land Use Classification

Estimated % Impervious

Agriculture - Fertilized

2% - 5%

Agricultural - Pasture

2% - 5%

Forest

2% - 5%

Mixed Urban
Residential

85%
Based Upon Population 1

Wetlands

2% - 5%

Water

0%

Percent impervious land cover
was estimated using literature
values for each land use
classification. Residential
land-use imperviousness was
updated based upon 2000 US
Census population
information (See Tech Memo
3.1 for further detail).

Notes:
1. 5% minimum

Soils
Soils data obtained from the county website was categorized according to texture into
the following basic categories:
•

Complex

•

Muck

•

Water

•

Fine Sandy Loam

•

Rock

•

Unknown

•

Gravel Loam Sand

•

Silt Loam

•

Loam

•

Very Stony Loam
Figure 3-6 Soils

A description of each soil type code was obtained
from the Soil Survey of Putnam and Westchester
Counties, New York.
The generalized soils coverage was merged with
the sub-watershed-landuse coverage to obtain the
soil breakdown for each modeled watershed. A
table with the area of each soil type within each
landuse subshed was developed for the model.

Hallocks Mill Brook
Stream
Lake
Soil Texture
Complex
Fine Sandy Loam
Gravel Loam Sand
Very Stony Loam
Silt Loam
Loam
Muck
Rock
Water

N
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and field visits. With the aid of GIS, the distribution of land use types within each
subwatershed can be calculated.

3.1.4 Land Surface Imperviousness
Impervious surfaces are those surfaces that don’t allow rain to infiltration into the
soil. Examples included paved roads, roofs, and parking lots. Impervious surfaces are
a determining factor in the response of a watershed to rainfall, and are significant in
stormwater runoff and pollutant loading. Estimates of percent impervious surface
within a subwatershed are based upon land use and can be developed from
established criteria or customized to a particular area.
Estimates of existing impervious surface cover can be made in several ways:
§

Using literature values associated with land use

§

Direct measurement using aerial photography or tax maps

§

Correlation with population density estimates

3.1.5 Soils
Soils data, like land use, is a critical factor in determining the response of watersheds
to rainfall. In most non-urban watersheds, impervious surfaces (paved areas) are a
much smaller percentage of the total area of the watershed than are pervious surfaces.
Tight, relatively impervious soils will cause more runoff than loose, sandy soils in all
the undeveloped areas of the watershed. Soil data also provide essential information
for watershed modeling. The soil type and classification defines the infiltration
parameters used in stormwater models that describe the infiltration properties of the
pervious land cover areas. Descriptions of soil types and the necessary modeling
infiltration parameters may be obtained from the USDA-Natural Resources
Conservation Services Soil Survey of Putnam and Westchester Counties, 1994.
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Meteorological Data
Precipitation
The National Climatic Data Center maintains data for 9 hourly precipitation gages
within Westchester County. It was determined, however, that none of these gages
presented the desired length of record or accuracy to perform long-term stormwater
modeling. Instead, precipitation data was obtained from a station located in
Bridgeport, CT, approximately 40 miles southeast of the watershed. The station was
selected based upon the length of record and the accuracy of the data. Calibration
with stream gages indicated that there were some discrepancies during brief storm
events where rainfall at the gage and within the watershed were different, most likely
during thunderstorms, but that overall the precipitation between the two areas was
consistent. Hourly data from 1948 through 2000 was obtained.

Temperature
Temperature data, daily minimum and maximum, was compiled from two sets of
NCDC data. Records from Yorktown were used for the years 1967 through 2000.
White Plains was used to complete the data set from 1948-1966. Sporadic missing
periods of record were synthesized using similar time periods from other years within
the dataset.

Streamflow
Limited stream flow data exists within the Hallocks Mill Brook minor watershed.
Four gages were identified in the Croton, two of which were not suited for calibratin
purposes because flows were influenced by dams or controlled releases.
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3.2 Meteorological Data
In addition to spatial data contained in GIS maps, another important category of data
for stormwater management is meteorological data. Within the general category of
meteorological data, precipitation and temperature data are both important, and are
used in developing stormwater models and in understanding stream flow patterns.

3.2.1 Precipitation
Rainfall is one input parameter required in all stormwater models. Generally, each
model requires some pre-processing of the readily available weather data. Hourly
precipitation records, typically beginning in the 1940s, are available to order for most
first-order National Weather Service stations at the National Climatic Data Center
website, http://lwf.ncdc.noaa.gov/oa/ncdc.html. Fifteen-minute precipitation
records may also be available for selected stations, but the period of record typically
begins in the 1970s.
When determining which precipitation gage record to select, consideration should be
given to the period of record, quality of data, gage location and altitude. Attention
should be paid to missing periods within a precipitation record and erroneous data.
There are several public record precipitation stations located within the Croton
Watershed. An analysis of the quality of these gages has shown that the long-term
record for many of these stations suffer from extended periods of missing data.
Therefore, care should be taken in collecting and applying precipitation data for
stormwater modeling.

3.2.2 Temperature
Temperature data is a basic input parameter to many stormwater models. It is
important to calculate evaporation and snow melt rates. Like rainfall data,
temperature data is available for downloading from the National Climatic Data
Center.

3.3 Stream Flow
Stream flow is made up of two basic components. One is called base flow, and is the
flow in streams during most of the year when it is not raining. The source of water for
base flow is continuous discharge of groundwater into the stream. The other
component is stormwater runoff over the land surface during and immediately after a
rain event. Stormwater models are designed to estimate runoff from a variety of
rainfall events. They generally are not set up to simulate base flow.
Calibration of a stormwater runoff model requires known stream flow data. This data
is usually available from USGS for local stream gages located within or near a
drainage area. Ideally, stream flow data will be available within the study area. When
local gages are not available, gages located on nearby streams may be used and
correlated to the study area. Special attention should be given to differences in
precipitation history between a non-local gage and the study area. Also, differences in
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elevation, aquifer characteristics, prevalent land use, stormwater drainage area and
groundwater drainage area can further reduce the effectiveness of using a non-local
gage. Whether local or non-local, gages affected by dam controls or other unnatural
circumstances should be discarded.

3.4 Water Quality Data
Although the focus of stormwater management planning has traditionally been on
water quantity (flooding, impacts of stormwater on stream channel erosion and
sedimentation), the water quality aspects of stormwater have been receiving more
and more attention. Most of the water quality monitoring and analysis that currently
takes place is in response to Section 303(d) regulations of the Clean Water Act. This
section requires states to list all impaired waters which would not support the
stream’s designated use even after appropriate and required water pollution control
technologies have been applied (primarily to point sources). The states must then
determine the conditions that would restore the water to the quality that meets the
water quality standards. As a follow-up, the states must then develop Total Maximum
Daily Loads (TMDLs) for each water body on the list.
Although the TMDL program is not the main focus of this Stormwater manual, water
quality should not be considered as completely separate from stormwater planning
because of the significant impact of stormwater on the quality of the streams. For this
reason, stormwater pollutant loading modeling is a critical aspect of stormwater
management programs.
To identify potential water quality problems and assess the importance of stormwater
as a source of pollution in the stream, basic water quality data should be collected.
This is often a difficult task, and data are often insufficient for a complete analysis.
Good sources of in-stream water quality are:
•

Intakes for public water supplies

•

USGS gages

•

Project related water quality sampling (e.g. special habitat studies, studies
related to hazardous waste sites)

•

Data collected as part of State Section 303(d) listing of impaired water bodies.

•

New York City DEP

3.5 Event Mean Concentrations
Stormwater runoff is a known major pollutant source. Unfortunately, sampling
stormwater is a time-consuming, expensive, and difficult field study to carry out. In
most cases, watershed or stormwater management planning will be accomplished
without local stormwater quality data collected from the study area. Without site
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specific sampling, quantification of runoff pollutant loading is difficult. The usual
approach makes use of data collected elsewhere and published as an Event Mean
Concentrations (EMC). An EMC provides the mass of a chemical per volume of runoff
as an average value for the entire storm. EMCs are dependent on the land use from
which the stormwater originates. For example, nutrient concentrations are higher in
agricultural area runoff than they are from forested areas.
Table 3.1 presents EMC values for a variety of pollutant parameters from multiple
land use types. As the table shows, EMCs vary significantly between land use types
for each parameter. Study’s that have developed EMC estimates are typically specific
to a particular land use type. Compilation of EMC data for application on a watershed
level requires multiple data sources. Typically, the data is highly variable and is better
viewed as a range of estimated loading. If water quality data is available, EMCs can
be varied during model calibration to better match existing, in stream water quality.
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Table 3.1 EMCs

Event Mean Concentrations (EMCs)

Parameter
BOD

Water

Forest

Urban

mg/L No Data
1
14.1
Standard Deviation
10.0
COD
mg/L
171
113
100
Standard Deviation
100
62
25
TSS
mg/L No Data
40
78.4
Standard Deviation
21
81.1
TP
mg/L
0.064
0.15
0.315
Standard Deviation
0.044
0.07
0.218
TN
mg/L
1.6
0.75
2.4
Standard Deviation
1.1
0.52
1.6
Pb
mg/L 0.00266
0.016
0.0675
Standard Deviation 0.0023
0.059328
Cu
mg/L 0.0022 No Data 0.0135
0.009345
Standard Deviation 0.0015
Zn
0.072
0.162
mg/L 0.0652
0.02
0.123
Standard Deviation 0.0495

Agriculture
Pasture
Crop

Wetlands

27.7
13.8

20
10

No Data

159
89

220
100

171
100

410
295

500
500

No Data

0.75
0.4

2.72
0.83

0.1
0.1

4.2
1.7

9.86
0.8

0.5
0.5

0.018
0.03

0.076
0.04

0.00266
0.0023

0.005
0.009

0.053
0.031

0.0022
0.0015

0.15
0.12

0.23
0.31

0.0652
0.0495

References:
1
EPA 1982 - Chesapeake Bay Program
2

Metropolitan Washington Water Resources Planning Board 1978 - Occoquan/Four Mile Run Non-Point
Source Correlation Study

3

Updating the U.S. Nationwide Urban Runoff Quality Database ; James T. Smullen, Amy L. Shallcross and
Kelly A. Cave 1999
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Technical Memorandum 3.1
GIS Data Layers Relevant for Stormwater Management
Planning
Stormwater management planning requires the collection of GIS data. The more
important data layers are summarized below.
Ø Watershed Drainage Divides
o

Major Divides – the Croton Watershed is one of 6 major drainage divides
within Westchester County

o

Minor Divides – watershed management is best performed at this level.
There are 48 minor drainage divides within the Croton Watershed, one of
which is the Hallocks Mill Brook

Ø Governmental Borders and Boundaries – this includes municipal, county, state,
and congressional boundaries
Ø Roads – provide impervious surfaces to a watershed, and can alter the natural
drainage system of the watershed through catchments and sewers
Ø Storm or Combined Sewers Lines – important to understand the drainage system
of a watershed, and to identify discharge points to streams and water bodies
Ø Railroads – used for geographical and land use purposes
Ø Land Use – critical watershed management component to determine runoff
characteristics and pollutant loadings
Ø Zoning – used to enhance existing land use information and to provide insight
into possible changes to land use
Ø Population Blocks – used to provide information on residential impervious
surface, population and housing density, and water use estimates
Ø Soils – provides infiltration characteristics of the watershed needed for
stormwater modeling
Ø Shallow geologic formations – provides further information on infiltration and
baseflow characteristics
Ø Hydrologic Features – provides the natural stormwater conveyance system of a
watershed.
o

Streams and Rivers

o

Water Bodies

o

Wetlands
TM 3.1-1
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Ø Stream/River Gauging Stations – used to identify the locations of gauging stations
that may be used to provide historical flow data
Ø Dams – used to identify flow restriction points
Ø Land Elevation (contours) – used to define overland drainage patterns
Ø Location of major water users (wells, stream intakes), and maps of the water
supply and sewer service areas within the watershed
Ø Potential point sources of contamination (discharge permits, locations of storage
tanks, hazardous waste sites, major industrial sites etc.)
Ø Sensitive or protected natural features
Additional GIS data can also be useful for graphical presentation of the watershed.
Aerial photographs and Unites States Geological Survey (USGS) topographic
quadrangles (quads) are useful as a background tool for the GIS dataset. Digital 1meter infrared orthoimagery is available for the entire State of New York from the
New York State GIS Clearinghouse website, http://www.nysgis.state.ny.us/, free of
charge. These photos were taken between 1994 and 1999. Higher resolution aerial
photography of Westchester County was performed in 2000 as part of a statewide
base mapping program, but was not available at the time this manual was developed.
Topographical data can be obtained through multiple subscription services.
Information is available from the USGS website, http://mapping.usgs.gov/.

Land Use Data
Land use data can be compiled from a wide variety of sources. Selecting the
appropriate level of detail of land use data for stormwater management planning can
be somewhat difficult. For example, there is little known about the different response
of deciduous forest versus evergreen forest to rainfall, and the distinction is not useful
within a stormwater model. For these reasons, it is often more efficient to consolidate
land uses to create simpler maps with fewer land use classifications. Land use
categories that do not possess independent estimates for percent imperviousness
surface, stormwater model runoff characteristics, or pollutant EMC’s should be
consolidated. The benefit of consolidation will be seen in shorter stormwater model
run times and a reduction in the effort required for data analysis.
When creating a land use map, the most current data should be used. Recent
development may not be present on existing land use maps, and should be
incorporated into a land use map that is going to be used for stormwater management
planning. Field visits, building permits, zoning regulations, and interviews can all be
used to help determine recent changes to land use. Land use classifications can also be
updated to reflect recent development by applying the most recent population data
(Angell, Clement, Smullen, 1998). Minimum population thresholds can be used to
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identify recent conversion of vacant or agricultural land to residential land use. The
population thresholds should be based upon local population statistics and zoning so
as to not overestimate recent development.

Impervious Surface
Impervious ground cover within residential land use has been shown to be a function
of population density. Angell, Clement and Smullen (1998) presented the application
of the Stankowski, (1974) and Manning (1977) impervious cover - population density
correlations to estimating impervious cover in residential areas. The correlations are
expressed as:
Figure TM3.1 Residential Land Use Impervious Cover

% Impervious vs. Population Density
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Stankoski, I = 0.177 D 0.792 – 0.039logD
Manning, I = 104.95 – 81.27 (0.974) PD
I = % Impervious Surface
PD = Population Density (per acre)
D = Population Density (per square mile)
Using these relationships, population density can be used to refine estimates of
impervious cover within residential areas, and can also be used to identify areas that
have been developed subsequent to the mapping of the land use available for the
study. The formulas given above help to distinguish areas of high-density residential
development from those of lower density.
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Section 4
Stream Assessment
Key Points
• A stream channel assessment involves walking the stream, recording key information,
and collecting data to characterize the stream channel
•

It is a means of determining existing and potential watershed problems related to
water quality and habitat degradation

•

Stream assessments provide the data needed to link stormwater flows to the current
and projected condition of the stream channel

•

Results are critical for establishing priorities relating to planning objectives, to locate
sites for stream restoration, and to prioritize implementation of stormwater
management practices

4.1 Introduction
Following each significant rainfall, stormwater runoff eventually finds its way to
streams and water bodies. This can occur naturally as overland runoff from vegetated
areas, or it can occur as direct discharges from paved-over areas through storm
sewers. The amount of stormwater and the quality of that stormwater reaching the
stream can have a significant effect on the health of the stream. For example,
increased stormwater flows and peak flows can cause flooding, scour stream
channels, and widen or shift stream channels. Stormwater can also increase sediment
loads, and carry bacteria, organic matter, metals, and other pollutants to the stream.
Changes in the stream flow patterns and water quality can subsequently reduce the
diversity of aquatic insects and fish within the stream.
Stream assessment provides a powerful means of determining existing and potential
watershed problems influencing water quality, as individual streams and stream
networks reveal subtle, and at times, severe changes occurring throughout the
watershed. As a direct expression of the watershed, streams reflect the local
topography, geology, climate, and land use. Over time, streams reach a condition of
stability where the channel cross-section and slope may remain constant, despite
some natural lateral shifts in the location of the channel. If accelerated changes in the
channel dimensions are noted, it often indicates a response to direct modifications of
the channel, such as channelization, or a change in the nature of the watershed. The
degradation of stream channels may also lead to declining water quality. These
changes can only be discovered through stream assessments.
A stream assessment involves walking the stream, recording key information and
collecting data essential for the characterization and assessment of the stream channel.
Field personnel make specific observations related to channel stability, riparian and
aquatic habitat, sediment supply, and sources of impact to the stream channels. One
widely used stream assessment method was developed by Rosgen (Rosgen, 1996).
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Stream Survey
Fifteen miles of stream within the Hallocks Mill Brook watershed were assessed using
the Rosgen Classification Method. Key information and essential data for
characterization and assessment of channel conditions (Rosgen Level I and Level II
methodology, see Tech Memo 4.1) was collected during the survey. Existing perennial
channels were divided into reaches that generally did not exceed 1,000 feet in length.
For each channel reach, a cross-section survey was completed at a representative
location. Measurements included the stream invert, edge of water, maximum depth,
bankfull depth, and flood prone level (Rosgen, 1996). Using this information, each
perennial stream reach within the Hallocks Mill Brook watershed was classified with
the Rosgen Classification method.
Figure HMB 4.1 Cross Section Locations
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The approach used to do stream assessment is described in general terms below.

4.2 Stream Survey
Data collection involves a team of two to three team members walking the streams
and collecting data, sketching topographic cross-sections of the stream at key
locations or reaches, and rating the stability and condition of stream channels and
stream banks. Stream stability is often defined as the ability of the stream to maintain,
over time, its dimension, pattern, and profile in such a manner that it is neither
aggrading nor degrading. Stable and self-maintaining stream channels whose
physical and biological functions are at the optimum level are said to be operating at
their full potential. The loss of stream stability results in degraded water quality and
biological health. Stream surveys provide information to determine how the current
stream condition either meets or differs from its full potential.
A number of factors can change the condition and stability of streams. The factor
with the most rapidly observed effects on stream stability is land use. Altering
watershed land use (such as removing trees for agriculture or paving open space for
parking lots) changes the local hydrology, sediment supply, and transport. The other
important change that affects stream stability is a direct disturbance to the stream
channel (e.g., channelization, culverts, and bridges). The ability to understand and
predict these responses and the associated effects is the goal of the stream
classification that follows from the stream survey. Once completed, the information
can be used to:
•

assess past impacts,

•

anticipate consequences of proposed management strategies,

•

evaluate the potential for recovery without intervention,

•

better understand the processes of channel adjustment,

•

determine the feasibility and prioritization of restoration, and

•

develop restoration designs to replicate natural stable tendencies.

Examples of the type of data collected for each stream reach include:
•

Channel dimensions

•

Channel materials (sand, gravel, silt, etc.)

•

Evidence of direct human channel impacts

•

Physical constrictions (culverts, bridges, etc.)
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Figure HMB 4.2 Sample Stream Survey Channel Reach Photo and Cross-Section – Rosgen Type E6
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Figure HMB 4.3 Sample Stream Survey Channel Reach Photo and Cross Section – Rosgen Type C4
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•

Measures of stream bank stability and degree of erosion

•

The condition and width of the riparian buffer

Another piece of information collected at each reach location is the stream “bankfull
elevation”. This is the elevation where the stream channel is flowing at full capacity.
This bankfull flow event has been found to be the discharge that moves the most
sediment over time, and is therefore important for understanding erosion and
sediment related water quality concerns. The field team also collects information on a
number of other factors that influence the overall "state” or condition of a stream in
addition to channel characteristics. These factors include hydrologic, biological,
ecological, and human factors.

4.3 Survey Results
One important result of the detailed stream assessments is the classification of all the
stream channels in the watershed. This is often done using the Rosgen stream
classification system. This classification system is useful to infer general stability,
stream bank erosion potential, recovery potential, sensitivity to disturbance, and the
importance of vegetation in maintaining/influencing channel shape. The stream
channel assessments provide the foundation for identifying existing and potential
stream problem areas. In addition, this information can also be used for the
identification of reference reach areas to be used as model areas during the
development of stream restoration projects. When used in combination with
stormwater models, assessment data can be used toward the development of
management measures that will ameliorate water quality problems and flooding
within the watershed.

See Technical Memorandum 4.1 for further details
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Technical Memorandum 4.1
The Rosgen Stream Classification Method
One of the most widely used stream classification methods is based on the approach
developed by Dave Rosgen (Rosgen, 1996). Rosgen’s system uses a hierarchy of
assessment levels to classify a stream reach according morphological conditions of
similar streams the he has encountered during his years of field study. The number of
assessment levels used to classify a stream determines the detail of the classification.
n

Level I – course geomorphic assessment of basin relief, landform, and valley
morphology

n

Level II – more detailed geomorphic assessment of channel dimensions, patterns,
and materials

n

Level III – assessment of the existing condition and stability of the stream

n

Level IV – verification of classifications obtained in Levels I, II and III through field
measurements. Used to develop predictive relationships

Data Collection for Rosgen I, II, and partial III Analyses
Listed below are the specific parameters that are evaluated during the measured reach
survey, including the Rosgen Level I, II, and partial III analyses.
Channel Morphology

Channel Disturbance

n

Bankfull width

n

Altered hydrology

n

Bankfull depth

n

Direct human channel impacts

n

Bankfull width/depth ratio

n

n

Flood prone area width

Culvert (type, shape, estimated
span, edge of pool conditions)

Entrenchment ratio range

n

Utilities

n
n

Bankfull cross-sectional area

n

Water surface slope range

n

Channel materials

n

Stream classification type (Rosgen,
1996)

Channel Habitat
n

Fish barriers (chronic)

Canopy cover (over channel)
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Channel Stability

n

Depositional features

n

Woody debris

Riparian Condition

n

Sediment supply

n

Riparian composition

n

Reach bed stability
(aggradation/degradation and
boundaries)

n

Riparian width

n

Percentage of canopy cover (over
channel)

n

Degree of bank erosion

n

Extent of vertical raw bank

For each identified measured reach, one cross-sectional survey is made using a
stretched tape measure, survey rod, and site level. Cross section surveys are done at
representative crossover locations. Measurements include the stream invert, edge of
water, maximum depth, bankfull depth, and flood prone level (Rosgen, 1996). The
location can be noted using a global positioning system.
The assessment also includes periodic pebble counts to quantify channel material
categories (silt/clay, sand, gravel, cobble, boulders) found in the watershed.
Bankfull Elevation
Once channel reaches are identified, a bankfull elevation at each cross section is
ascertained using field indicators, including depositional features (point bars),
changes in sediment size distribution, changes in bank slope, flow lines, vegetation
changes, and stain lines on boulders. The bankfull elevation corresponds to the flow
that occurs once every 1 to 2 years. This bankfull flow event has been found to be the
discharge that moves the most sediment over time. Therefore, it is widely considered
to be the channel forming flow for undisturbed, dynamically stable streams.
However, in disturbed streams, the bankfull elevation can be difficult to determine.
Since disturbed streams are in the process of adjusting to a changed flow regime and
an altered sediment supply, bankfull indicators may be misleading, weak or
completely absent. In these circumstances, the determination of bankfull is extremely
objective and may lead to ambiguous or highly variable results.
Calibrating Bankfull Elevation
If a gage is located on the stream, it can be used to estimate bankfull flow by
correlating flows to the elevations found. If no gage station is available to calibrate the
bankfull flow, the bankfull width, depth and cross sectional area of measured reaches
in the watershed are compared to previously developed regional curves (plots of flow
vs. drainage area). In the Croton watershed, the Eastern Catskills regional curve
developed by New York City Department of Environmental Protection and the
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Southeast Pennsylvania regional curve developed by Dunne and Leopold (1978) are
the most appropriate curves to date.
Condition of Stream (Rosgen partial Level III) and Channel Stability
Stream morphology, as defined by Level II criteria, serves as the basic physical stream
categorization. There are a number of other factors that influence the overall "state” or
condition of a stream in addition to channel morphology. These factors include
hydrologic, biological, ecological, and human factors. Partial Level III analyses
incorporate these other factors in addition to the morphological template to further
describe the existing stream condition of the stream channel.
Stream stability is often defined as the ability of the stream to maintain, over time, its
dimension, pattern, and profile in such a manner that it is neither aggrading nor
degrading. Stable and self-maintaining stream channels whose physical and
biological functions are at the optimum level are said to be operating at their full
potential. The loss of stream stability results in degraded water quality and biological
health. Stream assessment provides information to determine how the current stream
condition either meets or differs from its full potential.
A number of factors can change the condition and stability of streams. The factor
with the most rapidly observed effects on stream stability is land use. Altering
watershed land use (such as removing trees for agriculture or paving open space for
parking lots) changes the local hydrology, sediment supply, and transport. Another
important factor is a direct disturbance to a stream channel (e.g., channelization,
culverts, and bridges). The influence of natural or imposed disturbances varies by
Rosgen stream type as shown in Table 1. The ability to understand and predict these
responses, and the associated effects by stream type is important to (1) assess past
impacts, (2) anticipate consequences of proposed management strategies, (3) evaluate
the potential for recovery without intervention, (4) better understand the processes of
channel adjustment, (5) determine the feasibility and prioritization of restoration, and
(6) develop restoration designs to replicate natural stable tendencies.
The partial Level III field inventory includes visual observation of parameters beyond
the fundamental Level II morphologic assessment. The approach specifically includes
assessment of the following stream characteristics: (1) presence of woody debris, (2)
sediment supply, (3) reach bed stability, (4) degree of bank erosion, (5) extent of
vertical raw bank, (6) evidence of altered hydrology, (7) direct human channel
impacts, (8) culverts, (9) utilities, (10) fish barriers, (11) riparian composition, (12)
riparian width, (13) canopy cover, and (14) reference reach potential. These
parameters all influence the current stream condition and potential for recovery to an
optimum condition. As such, the Rosgen Partial Level III analysis helps describe
channel conditions as they relate to stream stability, potential, and function.
The Partial Level III analysis can, in part, support the following objectives (Rosgen,
1996):
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n

Develop a quantitative basis for comparing streams having similar morphologies,
but with different states or conditions.

n

Describe the potential natural stability of a stream, as contrasted with its existing
condition.

n

Determine the departure of a stream’s existing condition from a reference
condition.

n

Provide guidelines for documenting and evaluating additional field parameters
that influence stream state (e.g., flow regime, stream size, sediment supply, channel
stability, bank erodibility, and direct channel disturbance).

n

Provide a framework for integrating companion studies (e.g., fish habitat indices,
and composition and density of riparian vegetation).

n

Develop and/or refine channel stability prediction methods.

n

Provide the basis for efficient Level IV validation sampling and data analysis.

The field data results in the assignment of a stream type for the reach in question.
Table TM4.1.1 shows the various stream types, and the watershed management
interpretations for each of a number of criteria. These criteria are:
Riparian Vegetation Controlling Influence on Erosion: riparian vegetation has a significant
influence on the stability of certain stream types. If vegetation has a high influence,
riparian SMPs have a high priority.
Streambank Erosion Potential: Bank erosion can be accelerated by changes to the
watershed or to the channel itself. The Rosgen Bank Erosion Hazard Index (BEHI)
provides a numerical indication of the erosion potential based on the stream
classification recorded during the fieldwork.
Sediment Supply: streams vary in the supply of sediment available to cause water
quality impairments. For those streams with high sediment supply from channel
sources and stream adjacent slopes, watershed SMPs and stream restoration have a
high priority.
Recovery Potential: once the cause of the instability is corrected, this criterion assesses
the natural recovery ability of the stream to regain stability.
Sensitivity to Disturbance: each stream type can be classified by the degree to which is
sensitivity to human disturbance.
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Vegetation

Controlling

4

Streambank

Erosion

Potential

Disturbancev
Sediment

Supply 3

Recovery

Potential 2

Sensitivity to

1

Negligible
Negligible
Negligible
Negligible
Negligible
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Very high
Very high
Very high
Very high
Moderate
Moderate
Moderate

DA6
E3
E4
E5
E6
F1
F2
F3
F4
F5
F6
G1
G2
G3
G4
G5
G6

Moderate
Good
High
Good
Very high
Good
Very high
Good
Very high
Good
Low
Fair
Low
Fair
Moderate
Poor
Extreme
Poor
Very high
Poor
Very high
Fair
Low
Good
Moderate
Fair
Very high
Poor
Extreme Very poor
Extreme Very poor
Very high
Poor

A ssum es natural recovery once ca use of insta bility is corrected.

Includes suspended and bedloa d from cha nnel-derived sources and/or from strea m a djacent slopes.

Vegetation that influences width/depth ra tio sta bility.

2.

3.

4.

Includes increa ses in strea m flow m agnitude and tim ing and/or sedim ent increases.

Very high
Very high
High
Very low
Very low
Low
Low
Moderate
Low
Low
Low
Moderate
Very high
Very high
High
Very high
Very high
Very high

1.

Notes:

Very high
Very high
High
Very low
Very low
Low
Moderate
Moderate
Moderate
Very low
Low
Moderate
High
Very high
High
Very high
Very high
Very high

Stream Type

Very poor
Very poor
Poor
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Very good
Very good
Good
Good
Fair
Good
Poor
Poor
Poor

1

Extreme
Extreme
High
Very low
Very low
Low
Moderate
Moderate
Moderate
Low
Low
Moderate
Very high
Very high
Very high
Very high
Very high
Very high

Sensitivity to

A4
A5
A6
B1
B2
B3
B4
B5
B6
C1
C2
C3
C4
C5
C6
D3
D4
D5

Potential 2
Good

Supply 3

DA5 Moderate

Sediment

Very low
Low
Moderate
Moderate
Low
Low
Moderate
Very high
Very high
Very high
High
Low
Moderate
Very high
Very high
Very high
High

Low

High
Very low

Very low
Moderate
High
High
Moderate
Moderate
Moderate
Very high
Very high
Very high
Very high
Low
Moderate
Very high
Very high
Very high
High

Low

High
Low

Potential

Very high Very poor Very high Very high Negligible

Recovery

Poor
Good

Erosion

D6
High
Da4 Moderate

Streambank

A3

Stream Type
Very low Negligible
Very low Negligible

Disturbancev

Very low
Very low

Influence
Very high
Very high
Very high
Very high
Very high
Low
Low
Moderate
Moderate
Moderate
Moderate
Low
Low
High
High
High
High

Very high

Moderate
Very high

4

Very low
Very low

Controlling

Al
A2

Influence

Excellent
Excellent

Table TM4.1.1 Management interpretations of various stream types (Source: Rosgen, 1996)
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Bank Stability (Rosgen Bank Erosion Hazard Index Rating and Shear Stress Ratio)
It is now commonly thought that the contribution of streambank erosion to total
sediment yield has traditionally been underestimated. Streambank erosion is a
natural process that occurs along rivers and streams. Stream channel bed and bank
erosion can be accelerated when the hydrology of a watershed is significantly altered
and when local variables controlling bank erosion processes are altered.
Natural bank erosion occurs as a result of a number of processes, such as mass
wasting, surface erosion, fluvial entrainment, freeze-thaw, liquefaction, and ice scour.
As described in Applied River Morphology (Rosgen, 1996), there are several factors
that influence the ability of a streambank to resist erosion including the following:
n

Ratio of stream bank height to bankfull stage;

n

Ratio of riparian vegetation rooting depth to stream bank height;

n

Degree of rooting density;

n

Composition of stream bank materials;

n

Stream bank angle (i.e. slope);

n

Bank material stratigraphy and presence of soil lenses; and

n

Bank surface protection afforded by debris and vegetation.

An important part of the stream assessment should include a measure to quantify
existing bank erosion. One such measure is the Rosgen Bank Erodibility Hazard Index
(BEHI) rating. This can be calculated for each measured reach. Table TM4.1.2 shows
Rosgen's BEHI rating procedure, which characterizes various streambank conditions
into numerical indices of bank erosion. Each column provides a numerical score for
several bank measurement ratios, and observations about such factors as vegetation
root density and the slope of the banks. The final column totals the numbers, and
shows the range of scores associated with very low to extreme bank erosion potential.
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Table TM4.1.2 Bank Erodibility Hazard Rating Guide (From Rosgen, 1996).

BAN K ERO SIO N PO TEN TIAL
Bank Ht/
Bkf Ht
Value
Index
Value
Low
Index
Value
Moderate
Index
Value
High
Index
Value
Very
High
Index
Value
Extreme
Index
Very
Low

1.0-1.1
1.0-1.9
1.1-1.19
2.0-3.9
1.2-1.5
4.0-5.9
1.6-2.0
6.0-7.9
2.1-2.8
8.0-9.0
>2.8
10

Root
Depth/
Bank Ht
1.0-0.9
1.0-1.9
0.89-0.50
2.0-3.9
0.49-0.30
4.0-5.9
0.29-0.15
6.0-7.9
0.14-0.05
8.0-9.0
<0.05
10

Root
Density
(%)
100-80
1.0-1.9
79-55
2.0-3.9
54-30
4.0-5.9
29-15
6.0-7.9
14-5
8.0-9.0
<5.0
10

Bank Angle
(Degrees)

Surface
Prot. (%)

0-20
1.0-1.9
21-60
2.0-3.9
61-80
4.0-5.9
81-90
6.0-7.9
91-119
8.0-9.0
>119
10

100-80
1.0-1.9
79-55
2.0-3.9
54-30
4.0-5.9
29-15
6.0-7.9
14-10
8.0-9.0
<10
10

TOTALS

5-9.5
10-19.5
20-29.5
30-39.5
40-45
46-50

Num erica l A djustm ents:
Ba nk Materials:
Bedrock : bank erosio n po t ent ial always v ery low
Boulders: ban k ero soin p ot en t ial low
Cobble: decrease by on e cat egory unless m ixt ure o f gravel/sand is over 5 0%, t h en no adjust m en
Grav el: adjust v alues up by 5-10 p oint s dep ending on co m po sit ion o f sand
Sand: adjust values up by 10 p oin t s
Silt /clay: no adjust m en t
St rat ificat io n: 5-1 0 po int s (up ward) depending on po sit ion o f unst able lay ers in relat io n t o ban kfull s

As an additional tool to evaluate bank erosion risks, the shear stress ratio developed
by Rosgen (1986) can also used for each measured reach. The ratio is intended to
highlight elevated bank erosion risk for those banks where near-bank shear stresses
are significantly greater than the overall channel, such as along the outer banks of
meander bends. The shear stress ratio, therefore, considers hydraulic (and ultimately
planform pattern) factors, while the BEHI focuses more on detailed bank attributes.
The value of near-bank shear stress ratio is expressed as:
τb/τc = (Db × Sb × γ)/(Dc × Sc × γ)
where:
Db

=

mean depth of the third of the cross section nearest the evaluated bank,

Dc

=

mean depth of entire cross section,

Sb

=

slope at the third of the cross section nearest the evaluated bank,
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Sc

=

slope at the entire cross section,

γ

=

specific weight of water.

Following Rosgen (1986), the erosion risk ratings associated with calculated shear
stress ratios are shown in Table TM4.1.3 below.
Table TM4.1.3 Bank Erosion Risk Associated With Shear Stress Ratios Following Rosgen (1996)

Shear Stress Ratio

Bank Erosion Risk Rating

Less than 0.8

Very Low

0.8 – 1.05

Low

1.06 – 1.14

Moderate

1.15 – 1.19

High

1.20 – 1.60

Very High

Greater than 1.60

Extreme
.

Stream Assessment Findings
This classification system is most useful when evaluated using the associated
management interpretations as presented above to infer general stability, stream bank
erosion potential, recovery potential, sensitivity to disturbance, the importance of
vegetation in maintaining/influencing channel morphology, etc. In addition, the
Partial Level III parameters provide valuable insight when combined with the stream
classifications within a particular watershed as to general stream condition or state,
and provide some insight into the sources of channel condition, particularly with
regard to channel instability and active adjustment.
The BEHI ratings are valuable in identifying areas subject to and/or sensitive to
accelerated bank erosion, and predicting areas with potential for high sediment yield.
The stream channel assessments provide the foundation for identifying existing and
potential stream problem areas. In addition, this information can also be used for the
identification of reference reach areas to be used as model areas during the
development of stream restoration projects. When used in combination with
stormwater modeling results, assessment data can be used toward the development
of management measures that will ameliorate water quality and flooding within the
watershed.

TM4.1-8

Westchester County Stormwater Management Planning Manual
Hallocks Mill Brook Demonstrative Example

Stormwater Modeling
The USEPA Storm Water Management Model (SWMM) was selected to simulate the
relationship between precipitation and stormwater runoff within the Hallocks Mill
Brook watershed. Continuous simulation runoff modeling was performed using over
50 years of precipitation and temperature records. Overland runoff volumes, peak
runoff flow rates, and estimated annual pollutant loadings were all estimated using
SWMM.

Figure HMB 5.1 Stormwater Runoff

Reference: http://www.epa.gov/owow/watershed/whatis.html

HMB 5-1

Section 5
Stormwater Modeling
Key Points
• Stormwater models are computer models that simulate the runoff of water during
storms
•

Models provide a way of estimating total stormwater flows and peak flows across an
entire watershed. Models can also provide estimates of contaminant loads carried to
streams by stormwater.

•

Models are the only tools that can be used to project the impacts of future changes to
land use on stormwater flows

•

Stormwater models provide the flow estimates that help to explain the impacts to
streams identified during the stream assessment

•

Stream assessment data and stormwater model results together provide the information
and tools necessary to develop an effective stormwater management program.

5.1 Purpose and Applications
A key tool in watershed management planning is a stormwater model. A stormwater
model is a computer-based simulation of the runoff of water caused by storms, and
provides a means to assess the impacts of stormwater runoff quantity and quality
anywhere within the study area. Detailed stormwater models can provide critical
information that can be used to assess the current conditions of a watershed, as well
as assist in developing planning recommendations and making implementation
decisions. Stormwater models are the only tool that can project impacts of future
changes to land use on stormwater quantity and quality.
Combining stormwater model results with information obtained through stream
assessment provides the information and tools necessary to develop an effective
stormwater management program. The results of stormwater runoff quantities and
peak flows quantified with a stormwater model are often seen downstream in eroded
and unhealthy stream channels. This type of information can be useful in
determining where stormwater remediation projects would be necessary, as well as
most effective. Planning decisions can be made by using the stormwater model to
simulate the effects of land use changes on stormwater runoff, and relating that to the
conditions and properties of the stream channels that would be affected. For example,
it may not be desirable to significantly increase impervious cover and runoff
upstream of sensitive channels where erosion may be a concern.
A range of models is available to serve many different requirements of watershed
management, as summarized in Table 5-1. Table 5-1 is an updated and amended
listing of available models from a recent USEPA Office of Research and Development
Urban Watershed Management Branch compendium of models for Total Maximum
Daily Load development.
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Table 5-1 – Preliminary List of Available Watershed Models

Available Watershed Models
Code

Name

Caretaker

Applicablility

Level

ACTMO

Agricultural Chemical Transport Model

USDA-ARS

A

M

AGNPS

Agricultural Nonpoint Source Pollution
Model

USDA-EFS

A

M

ANSWERS

Areal, Nonpoint Source WS
Environmental Response Sim. Model

NC State/EPA

A/R

D

ARM

Agricultural Runoff Model

EPA

A

D

AUT-Q/
ILLUDA

Illinois Urban Drainage Area Simulator
(quantity)

Ill Water Surv.

U

M

FHWA

Federal Highway Administration
Model

FHA

Highways

S

FLUX

Tributary Mass Discharge

ACOE-WES

(all)

S

GL/CREAMS

Chemicals, Runoff, and Erosion from
Ag Management Systems

USDA-ARS

A

D

GWLF

Generalized Watershed Loading
Functions

Cornell

U/R/A

S/M

HEC-5Q

Water Quality Simulation Model

ACOE-HEC

N/A

D

HSPF

Hydrologic Simulation ProgramFortran

EPA

U

D

MIKE 11

Microprocessor-based Modeling
Systems for Rivers and Channels

DHI

N/A

D

MIKE 11 Res

Reservoir Mgt., Water Quality
Simulation & Impact Assess

DHI

N/A

D

MUNP

Management of Urban Nonpoint
Pollution Model

U Md

U

M

NPS

Nonpoint Source Model

EPA

U/A/F

D

PRMS

Precipitation-Runoff Modeling System

USGS

F

D

P8

P8-Urban Catchment Model

Narr. Bay Proj.

U

M

SIMPTM

Simplified Particle Transport Model

OTAK Inc.

U

M

SITEMAP
(NPSMAP)

SW Interceptor & Trtmt Eval Model for
Analysis and Planning

Fetrow Eng.

U/M/R

M

SLAMM

Source Loading and Management
Model

WI DNR

U

M

STORM

Storage, Treatment, Overflow Runoff
Model

HEC

U

M

SWMM

Stormwater Management Model

EPA

U/M/R

D

SWRRB

Simulation for Water Resources in
Rural Basins

USDA

R/A

D

WASP4

Water Quality Analysis Simulation
Program

EPA

N/A

D

WEPP

Water Erosion Prediction Project

Many

A

M

WMM

Watershed Management Model

CDM

U/R/A/F

S

WRENS

Water Resource Evaluation of Nonpoint
Silvicultural Sources.

USFS

F

S

Applicability: U=urban; A=agricultural; R=rural; M=mixed, F=forest
Level or Ease of Use: S=simple; M=moderate; D=detailed
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Model Data Needs
The data described in Section 3 was used to construct the stormwater model of the
Hallocks Mill Brook. The modeling was performed on the delineated subwatersheds
shown in Figure 3.3. Hourly precipitation and daily temperature data were used to
perform the runoff simulation of the Hallocks Mill Brook watershed.
Figure 5.1 Sample Precipitation Data
2000 Hourly Precipitation Record
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Figure 5-2 Sample Temperature Data
December 2000 Daily Temperature Record
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5.2 Model Data Needs
All stormwater models require a basic level of data to perform a simulation. The type
and complexity of data required will depend upon the specific model used and the
desired output. The quality and level of detail of the input data will directly
determine the detail and accuracy of the model results.
Precipitation data is one of the primary input parameters of a stormwater model. In
order to perform detailed stormwater modeling, the selected model should be capable
of processing long-term precipitation data from actual precipitation stations located
within or near the study area.
Other common data needs include:
§

Land use

§

Meteorological data
o

Precipitation

o

Temperature

o

Wind Speed

§

Soil characteristics (infiltration parameters)

§

Impervious surface cover estimates

§

Drainage units (watersheds)

§

Overland drainage area

§

Overland drainage slope

§

Stream network & stormwater drainage system maps

Potential data sources for most of these parameters are provided in Section 3 of this
manual.

5.3 Model Results
Stormwater models are capable of providing different types of results. The complexity
and capabilities of the chosen model will determine the types of results and level of
detail of the model output. Some typical results are:
§

Estimates of runoff volumes, either on a storm-by storm, seasonal, or annual
basis. This data can easily be extracted from most models.
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Model Results
A sample of the stormwater modeling results for the Hallocks Mill Brook watershed
are presented in the following graphics:
Figure HMB 5.3 Average Annual Runoff Volume
Annual Runoff Volume - Existing (in)
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10 - 15
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> 20
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Figure HMB 5.4 Average Annual BOD Loading
Annual BOD Loading (lb/acre)
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§

The spatial distribution of runoff across the watershed, or the amount of
runoff being produced in different parts of the watershed. This data is slightly
more complex and may be somewhat more difficult to obtain from different
models.

§

Peak flows, or the peak rate of runoff.

§

Estimates of nonpoint pollutant loadings produced by stormwater.

§

Flooding or surcharging of the stormwater conveyance system

5.4 Use of Model Results
An accurate stormwater model is an essential tool for watershed management
planning. The information obtained through stormwater modeling will provide a
better understanding of the dynamics of the watershed as it exists in its current state,
as well as a predictive tool to assess potential changes to the watershed. Effectively
assessing the results of a stormwater model is a critical step in the planning process.
One of the more straightforward uses of model results is the sizing of stormwater
controls, pipes, culverts, and basins. The average and peak runoff volumes estimated
through the stormwater model can be used to provide the data necessary to
adequately design such structures so that they will handle current and future
stormwater flows. Without a stormwater model, it is nearly impossible to accurately
assess these potential flow rates.
Another use of model results is to estimate non-point sources of pollution within a
watershed. Stormwater runoff is often a significant pollution source to streams and
surface water bodies. The degree of runoff pollutant loadings for different pollutant
parameters is dependent on the land use type over which the water flows, and degree
of impervious cover. The pollutant loading estimates provided by a stormwater
model can be used in conjunction with land use data and trends to identify current
sources of non-point pollutant loading, as well as provide planning information to
prevent or control future pollutant sources. This type of information is invaluable for
the protection of drinking and recreational waters, where excessive pollutant loadings
could have the greatest impact.
When used in conjunction with information obtained though a stream assessment,
stormwater models can be used to relate the flows at specific points along a stream
with the health of the stream indicated by the assessment. This type of information
can be used to assist in planning decisions that will best protect habitats and prevent
erosion.
Stormwater models provide the results that are critical to identifying appropriate
stormwater management practices (SMPs) within a watershed. For example, a
watershed that is suffering from excessive nutrient loading may be well served by
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implementing a more efficient nutrient program for local farmers. Identifying those
areas within that watershed that are actually contributing the nutrient loading is
necessary so that the efforts are not misdirected. As a planning decision tool,
stormwater models can be used to predict the effects of proposed land use changes on
a watershed. For example, the effects of increased urbanization within an area of the
watershed on the stream channels within the watershed can best be assessed by
determining the increased flow volumes and flow rates that will be experienced by
the channels. This information, coupled with the stream assessment, can be used to
ensure that development considerations anticipate potential impacts to streams and
mitigate these impacts through stormwater management practices.
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Section 6
Data Analysis
Key Points
• Data analysis should include the analysis of all data collected, including stream flow,
impervious surfaces, land use, water quality, runoff pollutant loadings, runoff volumes,
and flooding.
•

The goal is to increase our understanding of the watershed, adequately describe existing
stream conditions, and understand the connection between changes in the watershed
and stream response.

•

Data Analysis is the key link between understanding the problems and developing the
solutions.

Adequate analysis of the available data provides the critical technical input to the
planning process. Data analysis for stormwater planning requires the analysis of a
wide variety of data:
•

Impervious surface

•

Land use

•

Historical stream flow data

•

Historical water quality data

•

Simulated pollutant loadings

•

Simulated runoff volumes

•

Simulated channel flows

•

Flooding patterns

•

Regulatory structure related to water, stormwater, and land use

•

Stormwater model output

An important first step in data analysis is to perform a quality assurance/quality
control (QA/QC) check of the data. Data obtained from outside sources should not be
relied upon for accuracy until the information has been verified from complimentary
sources or field investigations. For example, land use data can be checked for
accuracy through spot field checks and a review of aerial photography.

6.1 Impervious Surface
One of the primary indicators of watershed “health” is the amount of impervious surface cover
in the watershed. Based on numerous research efforts, studies and observations, a general
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Impervious Surface
Figure HMB 6.1 Estimated Impervious Surface Cover

The Hallocks Mill Brook watershed is comprised
of a wide variety of land use types, from
agricultural to commercial to residential. This land
use information was used to develop estimates of
impervious ground surface throughout the
watershed. These impervious surface estimates are
based upon the capacity for precipitation to
infiltration the ground in the stormwater model.
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Figure HMB 6.2. Estimated Impervious Surface Cover of Build-Out Conditions

A build-out analysis (discussed further below) was
performed on the watershed. The result of
urbanization and development can be easily seen
in the potential impervious cover.
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categorization of watersheds has been widely applied to watershed management based on
percent impervious cover (Schueler, 1995). This is summarized in table 6-1.
Table 6.1

Impervious Surface as an Indicator of Stream Health
Characteristic
Percent Impervious Cover
Channel Stability
Water Quality
Stream Biodiversity
Pollutants of Concern

Sensitive
0% to 10%
Stable
Good to Excellent
Good to Excellent
Sediment and temperature
only

Degrading
11% to 25%
Unstable
Fair to Good
Fair to Good
Also nutrients and
metals

Non-Supporting
26% to 100%
Highly Unstable
Fair to Poor
Poor
Also bacteria

Source: Schueler, 1995

Analysis of impervious cover consists primarily of estimating percent impervious cover based
on land use data and population density data. It is primarily done using GIS. Once impervious
cover percentages have been calculated, an initial impression of the health of the watershed
can be gained using Table 6-2, which summarizes several of the impacts of traditional
development on streams and watersheds. Figures 6-3 and 6-4 illustrate the changes to the
volume and duration of runoff, as well as potential changes to the physical stream channel
before and after development. Figure 6-3 also illustrates the benefits of using various SMP’s
and low impervious techniques to managing stormwater. As Figure 6-4 depicts, traditional
development within a watershed may raise the elevation of the floodplain and reduce summer
low flows when compared to predevelopment conditions.
Figure 6-3 Comparison of volume and duration of stormwater runoff before and after land development,
and reductions in runoff from SMP’s.

(Prince George’s County Department of Environmental Resources et. al., undated)
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Figure 6-4 Potential impacts of development on stream flow and flooding

(Schueler 1995(a),and Schueler 1987)

Table 6.2

Impacts of Traditional Development on Watershed Resources
Changes in Stream Hydrology
• Increased magnitude/frequncy of severe
floods
• Increased frequency of erosive bankfull and
sub-bankfull floods
Reduced
ground water recharge
•
• High flow velocities during storm events
Changes in Stream Water Quality
• Instream pulse of sediment during
construction
• Nutrient loads promote stream and lake
algae growth
• Bacteria contamination during dry and wet
weather
• Higher loads of organic matter
• Higher concentrations of metals,
hydrocarbons, and priority pollutants
• Stream warming
• Trash and debris jams

Changes in Stream Morphology
• Channel widening and downcutting
• Streambank erosion
• Channel scour
• Shifting bars of course sediments
• Imbedding of stream substrate
• Loss of pool/riffle structure
• Stream enclosure or channelization
Changes in Stream Ecology
• Reduced or eliminated riparian buffer
• Shift in external produciton to internal
production
• Reduced diversity of aquatic insects
• Reduced diversity of fish
• Creation of barriers to fish migration
• Degradation of wetlands, riparian zones and
springs
• Decline in amphibian populations

Schueler 1995

It is important to note that not all development necessarily creates these impacts. Cluster
developments can significantly reduce the amount of impervious cover added to a watershed,
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and thus substantially reduce the volume of stormwater generated. Clustering and other
conservation development design techniques can contribute to reducing infrastructure
expansion, reducing impacts to infiltration and ground water recharge, and reducing the
generation of stormwater. Additional storm water management practices (SMPs) can be
engineered into the overall development design to minimize or eliminate the impacts of runoff.
Avoiding the generation of unnecessary stormwater and maximizing the infiltration of rainfall
and stormwater into pervious areas are two primary strategies for minimizing stormwater
impacts.
The vast majority of impervious cover is created to accommodate vehicles. As population
grows in an area, so does the number of automobiles and vehicles, and the number of acres of
paved areas for driving, parking, loading/unloading, and storing vehicles. As an example, for a
subdivision with a 36 foot wide street, 2 sidewalks that are 5 feet wide on either side of the
street, a 40-foot radius cul-de-sac, and 15 driveways that are 75 feet long, the relative portion
of total street-related impervious cover components is:
Street 49%
Driveways 31%
Sidewalks 13%
Cul-de-sac/Turnaround 7%.

Many techniques and alternative designs are now widely used in nearby areas to reduce the
amount of impervious cover required to safely meet the needs of vehicles and pedestrian
movement. Large commercial parking areas cause particular concern. Table 6-3 compares the
runoff expected to be generated from a traditional parking lot versus a meadow. This is
included here to illustrate why traditional impervious cover (without SMPs) creates more rapid
runoff of stormwater (i.e., decreased time of concentration), more volume of stormwater (i.e.,
runoff volume), higher runoff rates (i.e., runoff velocity), and increased pollutant loadings (i.e.,
annual pollutant loads) than an open meadow of equal size and slope and with the same
amount of rainfall.
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Land Use
Residential land use makes up the majority of the Hallocks Mill Brook watershed,
covering 61% of the watershed area. Mixed urban land use, comprised of commercial,
industrial and institutional land uses, contributes another 6%. Approximately 70% of
the total watershed area is developed, or suburban land. Forested (open space) land
use is the second most prevalent, with 16% of the total area. Agricultural lands are 8%
of the total area (5% pasture, 3% fertilized). The remaining land use in the watershed
is comprised of wetlands and water (7% and 2% respectively.
Figure HMB 6.3 Land Use Distribution
Hallocks Mill Brook Watershed - Land Use Distribution

Residential
61%

Water
2%
Mixed Urban
6%

Wetland
7%

Forested
16%
Agricultural - Pasture
5%

Agricultural Fertilized
3%

This land use distribution plays a critical role in determining how the watershed will
react to precipitation, and the degree of non-point pollutant loadings to the receiving
waterways. As the watershed continues to develop, the land use distribution will
become more urbanized. In order to assess these potential build out conditions, a
build out analysis was performed on the Hallocks Mill Brook watershed. The build
out was performed based upon zoning regulations for those areas zoned as
residential. Areas that are not readily subject to development (steep slopes, wetlands,
preserved lands) were not included in the build out scenario.
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Table 6.3
Comparison of One Acre Parking Lot vs. One Acre Meadow in Good Condition
Parameter
Runoff Curve Number
Runoff Coefficient
Time of Concentration (minutes)
Peak Discharge Rate (cfs) 2yr/24 hr
Peak Discharge Rate (cfs) 100 yr
Runoff Volume from 1” Storm (ft3)
Runoff Velocity of 2yr Storm (ft/sec)
Annual Phosphorus Load (lb/ac/yr)
Annual Nitrogen Load (lb/ac/yr)

Parking Lot

Meadow

98
0.95
4.8
4.3
12.6
3450
8
2
15.4

58
0.06
14.4
0.4
3.1
218
1.8
0.5
2

from Center for Watershed Protection 1994

Although development can result in the deterioration of ground water, streams and riparian
resources, there are many design and protection practices that can be easily incorporated into
the planning and design process to reduce or eliminate these impacts. Many of these
techniques are discussed in the New York State Stormwater Management Design Manual.
There are many publications and information resources readily available to decision makers for
information on design alternatives and SMPs that can improve the runoff characteristics of
developed lands. The “References” section of this manual contains sources for many of those
resources.

6.2 Land Use
Another primary indicator of watershed “health” is the distribution of land use types
across the watershed. Runoff pollutant loadings, volumes, and peak flow rates are
directly connected to the land use within a watershed. Deforestation and urbanization
reduce a watershed’s natural ability to capture and retain stormwater through
infiltration and evaporation. The effects of the reduced time of concentration (the
amount of time it takes precipitation to reach a stream or storm sewer), and increased
peak flow rates can be seen in downstream flooding, erosion, habitat destruction, and
pollutant loadings.
Agricultural land, depending on the farming practices used, can also generate large
amounts of rainfall runoff and reduce infiltration. A major concern for agricultural
land use is the application of chemicals to the land (namely fertilizers and pesticides).
When applied in quantities greater than what is taken up by the target plants, these
chemicals become suspended in runoff from rainfall events and become “pollutants”
as they are carried into streams.
Both the quantities and locations of different land use types can have an impact on the
“health” of a watershed. Deforestation and urbanization along waterways are more
likely to cause erosion and habitat destruction than similar land use types that are not
directly connected to the waterways. This type of information is critical to make
future planning decisions that will best protect the watershed
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Figure HMB 6.4 Build-Out Land Distribution
Hallocks Mill Brook Watershed - Land Use Distribution - Build-Out Conditions
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As demonstrated in the Figures HMB 6.2 and 6.3, build out under current zoning
regulations in the Hallocks Mill Brook watershed would result in an increase of
residential land use and a decrease of agricultural and forested land. The increase in
residential land use under this build out scenario is approximately 650 acres.
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Analysis of land use data occurs as part of the development of the stormwater model.
The key results are:
•

Estimates of the area of each land use type for the entire watershed, and for
each subwatershed

•

Estimates of percent impervious surface for each land use type

•

Projections of expected changes in land use within the watershed over the
planning period

In order to develop a projection of future land use, several approaches are possible.
Which one is selected depends on the objectives of the study and the
recommendations of the stakeholder task force.
1. Build-out Approach
If GIS maps of zoning are available, one frequently applied approach is to assume
that the entire watershed will be developed according to the existing zoning. This
provides a “worst case” development scenario. This approach can be refined by
restricting projected full development by eliminating areas of steep slopes,
sensitive environments, wetlands, etc., or by assuming that only a percentage of
full build-out can or will occur due to physical constraints.
2. Population Based Approach
Full build-out according to zoning rarely occurs. Another approach is to take
population projections for a municipality for the future date used in the plan (for
example, 25-years in the future). The difference between the projected future
population and the present population represents growth that requires further
development within the watershed. Existing zoning densities or existing land use
densities can be used to project the number of acres required to provide homes for
the increased population. By simply calculating the current commercial acreage
within the watershed, divided by the current population, a factor of ”acres of
commercial land use per person“ can be established. This factor, multiplied by the
expected population growth, provides an estimate of additional commercial
development that will be needed to serve the increased population. The additional
residential and commercial development must then be distributed within the
watershed, replacing either unprotected open space or agricultural land.
3. Vision Based Approach
A third approach is not based on projections, but rather on a set of planning
objectives. In this case, future development scenarios are created to meet certain
land use planning goals established by the county or by the municipality. These
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scenarios are then simulated by the stormwater model to provide vital
information about the expected impacts of each scenario.

6.3 Historical Stream Flow Data
The analysis of stream flow data consists primarily of developing a basic, statistical
understanding of streamflow. This requires that there be a gage with a reasonable
period of record of daily flows located on the stream itself.
For a USGS operated gage, basic flow statistics will usually be available, providing
minimum, mean, and maximum flows. If a reasonable period of record is available, it
is important to develop additional statistics of stream flow. Examples of additional
statistics include:
•

Calculation of flow return frequencies or flow duration curves. These are
curves that provide information on how often a particular flow will be
experienced over the course of a normal year, as well as the return period of
large flood events. For example, the curves may help to determine that flow
rates of 1000 cubic feet per second occur once every 100 years.

•

Calculation of particular drought indicators. For example, the Q7-10 flow is an
indicator that is frequently used to assess severe drought conditions. It is
defined as the lowest mean flow over a consecutive 7-day period that is likely
to occur with a frequency of once every 10 years.

•

Calculation of base flow and stormwater runoff on a monthly and annual
basis.

•

Calculation of base flow, runoff, and total streamflow as a percentage of
precipitation over the watershed.

6.4 Historical Water Quality Data
Analysis of existing water quality data is a key task in the stormwater management
planning process. Comparing existing water quality with current Federal and State
water quality guidelines identifies existing water quality problems.
Once pollutants of concern have been identified, potential sources of contaminants
should be identified. Although an analysis of point sources of contamination to the
streams is not the focus of a stormwater management plan, it is important to
recognize those situations where point sources may be a significant contributor to
total pollutant loads, along with nonpoint sources (primarily stormwater). Otherwise,
the emphasis on improving water quality may be incorrectly placed on improvement
of point sources over nonpoint sources, or vice-versa.
A variety of parameters can be used to measure the health of streams and rivers, as
well as the suitability of these surface waters as a source of potable water supply.
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Simulated Pollutant Loading
Estimates of simulated average annual runoff pollutant loadings were determined for
common pollutants found in stormwater runoff. Analysis was performed on existing
conditions and under the build-out scenerio. Additional pollutant loading figures are
provided in Appendix C.
Figure HMB 6.5 – COD Existing Conditions

Figure HMB 6.6 – COD Build-Out Conditions
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Figure HMB 6.7 TSS Existing Conditions
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Figure HMB 6.8 TSS Build-Out Conditions
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Because most of the streams in the Croton watershed contribute flow to drinking
water reservoirs, stormwater runoff and nonpoint source pollutant runoff are
significant concerns. Table 6.5 summarizes some specific water quality parameters
that are important indicators of the quality of raw water to a drinking water supplier.
If data are available, statistical summaries of water quality parameters should be
developed (minimum, maximum, mean values) and compared to the expected
loading of pollutants simulated by the stormwater model. This type of analysis can be
used to adjust stormwater runoff pollutant loading estimates to local conditions.
Table 6.4

Water Quality Parameters of Importance to Drinking Water
pH
Apparent Color
Alkalinity
Physical Parameters
Hardness
Total Dissolved Solids
Conductivity
Turbidity
TSS
Total coliform
Particulates &
Microbial Contaminants
E. coli
Giardia
Cryptosporidium
TOC
DBP Precursors
UVAbs@254nm
(Organic Compounds & Bromide) SUVA
Bromide
Ammonia
Inorganic Compounds
Nitrite
(Nutrients)
Nitrate
D. Orthophosphate
T. Phosphate
Inorganic Compounds
Iron
(Metals)
Manganese
Arsenic
Inorganic Compounds
Sulfate
(Secondary Contaminants)
Chloride
Sodium

6.5 Simulated Pollutant Loading
Stormwater runoff is a known major pollution source. Unlike point sources, which
may be easily identified, quantifying stormwater runoff pollutant loading is a
complicated task. Identifying potential sources of pollutant loading requires
information gathered in multiple facets of the stormwater planning process.
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Simulated Runoff Volume
Figure HMB 6.9 – Simulated Annual Runoff Volume
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Average annual runoff volumes were calculated
using SWMM. The analysis was done using units
of inches so that subwatersheds of different sizes
could be compared. Subwatersheds with extensive
amounts of wetlands or water are simulated as
having high amounts of annual runoff volumes.
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Figure HMB 6.9 – Simulated Annual Runoff Volumes of Build-Out Conditions
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Under build-out conditions, the amount of annual
runoff is increased throughout the watershed. This
additional runoff has the potential to erode
streams, destroy habitats, and cause flooding.
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The stormwater model is a key technical tool that can be used to help identify
potential sources. Runoff pollutant concentrations have been found to be mostly a
function of land use. Runoff pollutant loading can therefore be seen as a function of
the amount of stormwater that runs off a particular type of land use multiplied by the
concentration for each pollutant for that land use. The data derived from a
stormwater model provides the necessary information to develop estimates of
pollutant loading.
Estimates of pollutant loading for each subwatershed, usually on an annual basis, are
good relative indicators of pollution sources. Once highly contributing subwatersheds
have been identified, the appropriate SMPs and planning policies can be instituted
that address factors specific to those subwatersheds. For example, if sedimentation is
discovered to be a major concern within a watershed, it may be necessary to identify
the potential sources of sediment supply. If relevant water quality data is available,
sediment concentrations within a stream during precipitation events can be compared
with concentrations during dry periods. If concentrations during dry periods are
within a tolerable range, the source of the sediment load can likely be attributed to the
total suspended solids (TSS) concentration of overland runoff during precipitation or
stream erosion caused by excessive stormwater flows. TSS loading estimates from the
stormwater model, field observations from the stream assessment, and water quality
data can then all be used to quantify the sediment supply being contributed by
overland surface runoff. The estimated TSS loading of each of the upstream
subwatersheds could then be compared to determine which upstream areas are
causing the elevated TSS levels. The land use and impervious surface characteristics
of those subwatersheds can then be assessed to determine applicable SMPs or
planning policies specific to those subwatersheds that would help to alleviate the TSS
loadings.
Besides identifying existing pollutant sources within a watershed, simulated pollutant
loading estimates are a powerful planning tool to assess the impacts of potential land
use changes. As described earlier in this manual, deforestation and urbanization tend
to increase overall runoff pollutant loading. Estimates of potential runoff pollutant
loading are critical to protect drinking water supplies, recreational waters, natural
habitats, and other sensitive areas. This type of information can be used to assist in
implementing stormwater management practices, regulate zoning, and protect
natural land uses.

6.6 Simulated Runoff Volumes
The volume of runoff generated within a watershed can be another indicator of the
“health” of a watershed. Without the proper stormwater controls, highly
urbanized/impervious areas tend to generate large amounts of runoff. These
increased runoff volumes and rates typically have a negative impact upon the health
of a watershed.
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Simulated Channel Flow
Figure HMB 6.10 Sample Channel Flow CDF

Flow (cfs)

Stormwater
Subwatershed #25 - Channel Flow CDF
c-0025
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Bankfull
flow estimates
100
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were analyzed
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on a continuous
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60
the
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within the
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Hallocks Mill
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Brook
0
watershed. The
0
0.1
0.2
total flow rate
% of Observations At or Below the Stated Value
within each
channel was
compared to the bankfull discharge identified during the stream survey to estimate
the occurrence of bankfull exceedence. Channels experiencing frequent bankfull
exceedence were usually found to concur with unstable channels prone to erosion and
sedimentation.
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Annual runoff volumes simulated by the stormwater model are a good tool to assess
the runoff volumes within a watershed. The runoff volumes generated by a
subwatershed can best be thought of as a depth of runoff covering that entire
subwatershed. In this way, the runoff generated between subwatersheds can be
compared, in spite of differences in area. Subwatersheds that provide the highest
relative amounts of runoff are more likely to be experiencing or causing stormwater
problems.

6.7 Simulated Channel Flow
The conveyance network is crucial in relating upstream environments to downstream
conditions. The consequences of stormwater runoff are typically manifested in
channel erosion, sedimentation, habitat destruction, and flooding. While simulated
runoff volumes provide a good indicator for the potential sources of such problems,
their cumulative effects can only be assessed by analyzing the flow experienced in
downstream channels.
Relating modeled stream conditions to a stream survey is an excellent tool for
watershed management and planning. The stream survey will provide information on
current stream conditions and probable channel morphology. Stormwater modeling
results can be used to determine if a channel is experiencing flows in excess of its
natural condition and the potential impacts of the excessive flow.
One indicator of elevated flow conditions is the exceedence of bankfull stream
conditions. The bankfull discharge (described in Section 4 of this manual) is
associated with the flow that performs the greatest amount of “work” on the channel
geometry, and under stable conditions is expected to occur with a frequency of once
every 1 to 2 years. When bankfull conditions are achieved more frequently than the
expected recurrence interval (1 to 2 years), channels tend to become unstable, with
increased erosion and sedimentation the result. By comparing bankfull discharges
identified during the stream survey with simulated channel flow rates obtained
through stormwater modeling, the frequency and annual duration of bankfull
exceedence can be obtained.

6.8 Flooding Analysis
Flood prone areas are obvious stormwater trouble spots and can usually be identified
from stakeholder information. However, most of the identified flooding areas will
likely be the result of undersized pipes, undersized culverts, or poor drainage
systems. The flooding of streams can be less obvious, and therefore harder to identify.
Interviews with municipal officials and highway officials should be carried out to
collect any information on flooding that might exist. Locations of flooding should
then be mapped for comparison with stormwater modeling results and the results of
the stream channel stability analysis.
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Identifying the source and cause of flooding can be difficult. Information obtained
during the data collection, stream assessment, and stormwater modeling phases of the
stormwater planning process can be used identify probable flooding causes, as
described in the sections above.
Increases in impervious ground cover and inadequately sized stormwater drainage
systems are frequently the source of flooding problems within a watershed. Increased
flow intensities and quantities to streams can produce frequent flooding conditions.
The source of such flooding conditions can at times be attributed to recent
development, but can also result from the cumulative effects of years of changes in
land use. In some cases, flooding is caused simply by poor maintenance of existing
stormwater structures such as culverts, drains, catch basins, inlets, and outlets.
If the cause of flooding is primarily due to development, the percent of impervious
ground cover within a subwatershed is a good indicator for potential flooding
sources. The impacts of highly impervious surfaces can be seen in urban flooding
conditions where the stormwater drainage system cannot handle large or peak flows,
or in downstream stormwater elements where channels or pipes are overburdened. In
areas where impervious ground cover is producing frequent flood events, additional
development and imperviousness could severely impact a watershed.
Years of erosion and sedimentation also can contribute to flooding events. Channels
or other hydrologic features that become burdened with sediment loads can suffer a
reduction in maximum discharge capacity. This reduced flow capacity will be seen in
increased flooding events. The stream assessment provides vital information where
such sedimentation is occurring or is likely to occur.

6.9 Regulatory Structure
It is important to understand the regulatory structure influencing stormwater
management within the study area. There are numerous, Federal Statutes, State
Regulations, and local ordinances that may directly or indirectly affect the
implementation of the stormwater plan. Part of developing a good stormwater
management plan is to summarize the regulatory structure on the Federal, State,
County, and municipal level in order to be able to answer the following questions:
•

Does the regulation directly affect stormwater planning? Examples might
include an ordinance that requires the capture of runoff from the 25-year
storm, or a Federal Act requiring inventory and control of all major
stormwater outfalls within the watershed.

•

Does the regulation provide a potential source of funding? There are
numerous State and Federal programs that provide funding for stormwater
planning, agricultural nutrient and runoff control measures, habitat
restoration, etc.
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•

Does the regulation indirectly affect stormwater planning? Many regulations
are not directed at stormwater planning, but may indirectly have a great deal
of influence on the way stormwater must be dealt with. For example, Federal
regulations pertaining to the Clean Water Act or the Safe Drinking Water Act
may require substantial investments in the control and treatment of
stormwater, even though the latter is primarily directed at improving water
quality for drinking water protection.

The Westchester County Non-Point Source Pollution Program contains a thorough
review of the regulatory structure in Westchester County.
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Section 7
Problem Definition and Consensus on
Planning Objectives
Key Points
• This step is designed to integrate the results of the technical analysis with the insights
of the stakeholders.
• It is important to confront perceived problems obtained from the stakeholders with
problems identified and supported by data analysis.
• This step also helps to educate stakeholders and build a consensus on possible solutions.
The stormwater management planning approach outlined here is designed to provide
the technical analysis required to assess perceived stormwater issues within a
watershed, identify any issues that may have gone unnoticed, and then to develop
planning alternatives that address these issues. Information obtained through data
collection, stormwater modeling, and stream assessment will lead to a better
understanding of actual stormwater issues within a watershed, and provide concrete
evidence to support (or refute) stakeholder concerns.
Achieving stakeholder consensus on the definition of problems and on the objectives
of stormwater planning requires a carefully designed stakeholder participation
process. In order to achieve consensus, the following approach is recommended. The
approach assumes that an active stakeholder Technical Advisory Committee (TAC)
has been established to work with the project team throughout the planning process.
•

Establish an initial set of perceived problems during a “project kickoff”
workshop. Do not attempt to assess the accuracy of the problems presented.
This should be a complete list of problems and issues relating to stormwater
management.

•

Hold frequent stakeholder meetings throughout the period of technical
analysis. Only hold meetings when there is important information to convey.
This usually means that planning assumptions or modeling assumptions are
being conveyed, or that results from an analysis have become available.
Provide full information about the findings during the meetings, and use the
stakeholder TAC to make interim decisions as needed to proceed with the
technical studies. These meetings serve to educate the TAC on the findings, as
well as to educate the project team on the priorities of the various members of
the TAC.

•

Once all the technical studies are complete and results have been presented
and discussed with the TAC, a second workshop should be held. In this
workshop, the goal should be to achieve consensus on the high priority
problems, to agree on which perceived problems no longer appear to be of
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concern, and to establish a set of planning objectives to solve the high priority
problems.
The final set of high priority problems must be based both on the priorities of the TAC
as well as on the technical analysis portion of the study (modeling, stream assessment,
data analysis, etc.). The set of planning objectives should relate directly to the
problems uncovered by the various technical analyses performed, but also can relate
to gaps in the local or State regulatory structure. The planning objectives form the
blueprint for subsequent implementation of the stormwater plan recommendations.
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Section 8
Management Alternatives/SMP Selection
Key Points
• In this step, the problems within the watershed are prioritized using technical
information and stakeholder input.
• Prioritizing focuses efforts where they are most needed, helps to phase implementation,
and results in a more effective program.
• This step is the link between the watershed characterization study and an
implementation plan.

8.1 Prioritization Process
Once the technical portions of the watershed management planning process
(modeling, stream assessment, data analysis, etc.) are complete and consensus on
planning objectives has been reached, the information must be assessed to identify the
high priority stormwater problem areas within the watershed. Assessing quantitative
data, such as pollutant loadings, along with qualitative data, such as stream erosion,
requires that the overall impairment level of the subwatersheds be considered.
Prioritizing the most highly impaired subwatersheds ensures that management efforts
are focused where they are most needed. Once the highly impaired subwatersheds
have been identified, planning objectives can be developed to address the problems
specific to each. Preventing further degradation within these high priority areas of the
watershed could provide the most beneficial stormwater impact, and remediation
efforts can be targeted to reduce the current stormwater impairments.
Prioritizing subwatersheds requires developing a process through which they can be
ranked. Although most stormwater impairment issues are common to all watersheds,
the significance of each is specific to the watershed, and should be determined by
local stakeholders. While pollutant loadings may be of great concern in a particular
watershed, flooding may be the main concern in another. It is important, however, to
rely on all of the information obtained and not to focus upon one parameter.
One approach is to use a multi-criteria evaluation program to rank the subwatersheds
in ascending order of priorities. Which subwatersheds receive the highest priority is a
matter of planning objectives. For example, those with the most problems could be
considered first, or those with the highest beneficial use. Alternatively, high priority
could be attached to those subwatersheds with the greatest potential for
improvement.
The prioritization process can be used as a convincing planning tool for watershed
management. High priority areas within a watershed are likely to be poor choices for
further development. Also, potential build out and land use scenarios can be analyzed
using the prioritization process to assess the potential impact caused by changes in
stormwater characteristics. This information could then be used to determine how
best to protect a watershed from further urbanization, either through preventing
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further development or using planning standards that will protect the “health” of the
watershed.
In order to use a multi-criteria evaluation program (there are several commercially
available), a set of evaluation criteria must be developed, and "scores" for each of the
alternatives must be developed. The selection of criteria will depend on the planning
objectives as well as the availability of data and information to score the watersheds.
A list of potential criteria is presented below. Most multi-criteria evaluation
techniques require the development of a two dimensional matrix consisting of the
options to be evaluated (columns) and a set of evaluation criteria (rows). In this case,
the options being evaluated are the subwatersheds. For every combination of
subwatershed and criterion, a score is assigned. The choice of the criteria is governed,
in part, by the need for the scoring to be as objective as possible. By objective, we
mean that the scores should represent impartial data and information useful in
making decisions. The criteria must be clear and unambiguously defined.
See Tech Memo 8.1 for a detailed description of Evamix, a multi-criteria evaluation program.

8.1.1 Potential Prioritization Criteria
Data and information obtained throughout the stormwater management planning
process should be used to rank subwatersheds. The purpose of ranking
subwatersheds should be to identify those areas within a watershed that are
experiencing the most negative stormwater impacts, those that are causing the
greatest impacts, and those that are most sensitive. Examples of possible criteria that
can be effectively used for the prioritization of subwatersheds include:
Ø Stormwater Model
o

The depth of runoff generated by each subwatershed, as compared with
the average volume generated across the entire watershed

o

The number of hours per year that channel flow exceeds bankfull
conditions

o

Pollutant loadings (i.e., BOD, COD,TSS…)

Ø Stream Assessment
o

The potential for stream bank erosion

o

The sensitivity of a channel to human disturbance

o

The recovery potential of a channel

o

The availability of sediment supply to cause water quality impairments
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o

The riparian controlling influence on erosion

o

Observed direct human channel impacts

Ø Other Data Analysis
o

Reported flooding problems

o

Percent impervious surface cover

8.1.2. Criteria Weighting
The other input variable required for the prioritization procedure is the selection of
weighting factors for each of the criteria. While the scoring process strives to be as
objective as possible and is carried out by the project team, the selection of weights is
inherently subjective and should be done by the decision-makers, planners, or
stakeholders. Unlike the matrix of scores, numerous possible weight sets are possible,
and all are equally "valid". In general, criteria weights should be assigned by the
stakeholder task force, and can be done during a workshop. This process also
provides an excellent opportunity for actively engaging the stakeholders in the
planning process.
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EVAMIX
Evaluation of alternative Stormwater Management Practices (SMPs) is an important
first step when moving from the planning phase into design and implementation of
stormwater management alternatives. Because there are often numerous options for
achieving the same result, it is often helpful to use decision support software to help
with the evaluation process. In using an evaluation program to help prioritize
subwatersheds, the objective of prioritization should be clear from the outset. For
example, severely degraded subwatersheds would be ranked as a high priority for
restoration. They might be of low priority for protecting and preserving natural
resources, where only relatively pristine stream sections would be targeted for
protection and/or preservation. Usually multiple prioritizations are appropriate,
depending on the intent. Examples might include prioritizing stormwater mitigation,
stream restoration, habitat protection, or any other number of objectives.
There are numerous approaches possible that fall under the category of “multi-criteria
evaluation”. Some are simple spreadsheets of alternatives and evaluation
alternatives, with rankings of high, medium and low. More sophisticated evaluation
software exists, however, and this technical memorandum illustrates the use of a
multi-criteria evaluation program called EVAMIX.

Description of EVAMIX
EVAMIX is a decision support software program that can be used to aid in the
prioritization process. It is a matrix based, multi-criteria evaluation program.
EVAMIX makes use of both quantitative and qualitative criteria within the same
evaluation, regardless of the units of measure. This feature gives the program much
greater flexibility than most other matrix based evaluation programs, and allows the
evaluation team to make use of all data available to them in its original form.
The following are required for the EVAMIX evaluation:
Ø

A distinct set of alternatives to evaluate. For the stormwater management
planning approach, each of subwatersheds becomes one of the “alternatives”
being evaluated and prioritized.

Ø A set of clearly defined criteria used to compare the subwatersheds on the basis of
water quality and stormwater needs.
Ø A separate matrix of subwatersheds and criteria for each of the prioritization
exercises. Scores assigned to every watershed for each criterion.
Ø An explanation of the scores. The explanation should include data used, or
provide the rationale for the score.
Ø Weighting factors assigned to each criterion. These weights should represent the
relative importance of each criterion.
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Selection of Evaluation Criteria
The use of EVAMIX requires the development of a two-dimensional matrix consisting
of the subwatersheds being evaluated (columns) and a set of evaluation criteria
(rows). An example of an evaluation matrix can be found in the Hallocks Mill Brook
example in section 8. For every combination of subwatershed and criterion, a score is
assigned. The choice of the criteria is governed, in part, by the need for the scoring to
be as objective as possible. In other words, the scores should represent impartial data
and information useful in making decisions. The criteria must be clear and
unambiguously defined, and can be set up as either quantitative criteria (e.g.
estimated annual TSS loading within the subwatershed, annual hours of bankfull flow
exceedence), or qualitative criteria (e.g. stream recovery potential, flooding problems).
The choice of whether to define a criterion as quantitative or qualitative depends on
the feasibility of describing the impact with numbers, the availability of data to assign
scores to each option, and the reliability of the data. For example, one aspect of the
evaluation for water quality may be the importance of the stream to cultural or
recreational resources within the watershed. This criterion can clearly be defined in
quantitative terms, with the units defined as the number of such resources found in
the watershed, if available data on the number and location of such resources exist. If
gaining hard data within the time frame of the analysis is difficult, or the data are
unreliable, it may not be appropriate to assign a quantitative number to this criterion.
In this case, the number of impacted cultural/recreational resources could simply be
defined as “high”, “medium”, or “low”, and the scores assigned as qualitative scores.

Potential Prioritization Criteria
Possible criteria that can be effectively used for the prioritization of subwatersheds are
described below. In general, if stormwater management is the goal, those streams that
rank high are usually more highly impacted, more prone to flooding, and have higher
pollutant loads than those that rank lower. High ranking subwatersheds are also
those whose recovery potential is high,
Stormwater Model Generated Flow Criteria
These criteria represent provide an indication of the expected runoff from the
watershed and its relationship to the streams carrying capacity .
Percentage of Runoff Above Mean Runoff for Watershed : this is a criterion that provides a
comparison between subwatershed runoff and the entire watershed runoff. If the
percentage is above the mean for the watershed, that subwatershed is likely to be
urbanized, or have highly impervious soils causing increased runoff. If the percentage
is low, it is likely to be less developed.
Number of Hours per Year Flow Exceeds Bankfull Estimate: a criterion measuring the
frequency of flooding. The model results are compared with the estimated bankfull
discharge of each subwatershed's channel to compute this number.
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Stormwater Model Contaminant Loading Criteria
Water quality criteria can form an important part of the evaluation. In most cases,
actual sample data will not be available, and model generated loading can be used as
a substitute. Care should be taken to use the best available land use data to develop
the model, and review of land use data by a TAC (what is that?) is advisable.
The criteria used for Hallocks Mill Brook were taken from model simulation results
from other areas of the country (?). Theyindicate the simulated intensity of
contaminant loading coming from stormwater based on land use characteristics in
the subwatershed.
BOD Loading: a criterion measuring the load of BOD (Biological Oxygen Demand) in
lbs / acre / year.
COD Loading: a criterion measuring the load of COD (Chemical Oxygen Demand) in
lbs / acre / year.
TSS Loading: a criterion measuring the load of TSS (Total Suspended Solids) in
lbs/acre/year.
TP Loading: a criterion measuring the load of TP (Total Phosphorus) in lbs/acre/year.
TN Loading: a criterion measuring the load of TN (Total Nitrogen) in lbs/acre/year.
Pb Loading: a criterion measuring the load of Pb (Lead) in lbs/acre/year.
Cu Loading: a criterion measuring the load of CU (Copper) in lbs/acre/year.
Zn Loading: a criterion measuring the load of Zn (Zinc) in lbs/acre/year.
Stream Channel Characteristics
These criteria result from the stream classification work. They measure the streams
current state, with more degraded streams receiving higher priority for SMPs or
restoration activities. In most cases, the entire stream length within a watershed will
not have been assessed. Some method will therefore be needed to assign a single score
to the subwatershed based on scores taken from several reaches within a
subwatershed. In the Hallocks Mill Brook subwatershed, the dominant or most
representative score was sought. Other approaches could average the results, or take
the worst or best score, depending on the intent of the evaluation.
Streambank Erosion Potential: bank erosion can be accelerated by changes to the
watershed or to the channel itself. The Rosgen Bank Erosion Hazard Index (BEHI)
provides a numerical indication of the erosion potential based on the stream
classification recorded during the fieldwork. The score range is numeric:
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Very low (5- 9.5)
Low (10 -19.5)
Moderate (20- 29.5)
High (30- 39.5)
Very High (40- 45)
Extreme (46- 50)
Sensitivity to Disturbance: each stream type can be classified by the degree to which it
is sensitive to human disturbance. A stream has a higher priority for restoration or
protection using watershed SMPs if it is sensitive to disturbance. The score range is:
Very low (1)
Low (2)
Moderate (3)
High (4)
Very High (5)
Extreme (6)
Recovery Potential: once the cause of the instability is corrected, this criterion assesses
the natural recovery ability of the stream to regain stability. A stream has a higher
priority for restoration if it is likely to recover slowly. The score range is:
Very Poor (6)
Poor (5)
Fair (4)
Good (3)
Very Good (2)
Excellent (1)
Sediment Supply: streams vary in the supply of sediment available to cause water
quality impairments. For those streams with high sediment supply from channel
sources and adjacent stream slopes, watershed SMPs and stream restoration have a
high priority. The score range is:
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Very low (1)
Low (2)
Moderate (3)
High ( 4)
Very
High (5)
Riparian Vegetation Controlling Influence on Erosion: riparian vegetation has a significant
influence on the stability of certain stream types. This is measured on a 5-point scale.
If vegetation has a high influence, riparian SMPs have a high priority.
Negligible (1)
Low (2)
Moderate (3)
High (4)
Very High (5)
Current Impact Criteria
These criteria assess the current state of the stream based on observation and reported
flooding.
Direct Human Channel Impacts: a qualitative assessment based on observation from the
field team. Those areas where impacts are high receive a higher priority for
restoration or watershed SMPs. The score range is:
Low (1)
Moderate (2)
High (3)
Reported Flooding Problems: a qualitative criterion that indicates if flooding has been
reported to Town officials or related by Town officials to the project team. The score
range is:
1 if flooding has been reported
0 if no flooding has been reported
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Percent Impervious of Watershed: a quantitative criterion that is an indicator of the
degree of urbanization of a watershed. In general, more highly urbanized watersheds
show the greatest impact, and are a higher priority for SMPs and/ or stream
restoration. The percent impervious is estimated from the land use distribution within
each subwatershed.

Criteria Weighting
The other input variable required for the prioritization procedure is the selection of
weighting factors for each of the criteria. While the scoring process strives to be as
objective as possible and is carried out by the project team, the selection of weights is
inherently subjective and should be done by the decision-makers, planners, or
stakeholders. Unlike the matrix of scores, numerous possible weight sets are possible,
and all are equally "valid". In general, criteria weights should be assigned by the
stakeholder task force, and can be done during a workshop. This process also
provides an excellent opportunity for actively engaging the stakeholders in the
planning process.

Example of EVAMIX Application on the
Hallocks Mill Brook Watershed
EVAMIX, the decision support multi-criteria evaluation program described above,
was used to determine high priority stormwater management areas within the
Hallocks Mill Brook watershed. The intention was to identify the most highly
impacted areas of the watershed, and then to develop potential stormwater
management practices (SMPs) that could be implemented to alleviate the stormwater
issues specific to that area of the watershed.

Prioritization Criteria
The data gathered throughout the demonstration of the watershed planning approach
for the Hallocks Mill Brook watershed was used as EVAMIX prioritization criteria.
The analysis included information gathered from field investigation, stormwater
modeling, and the stream survey. Because the prioritization for the Hallocks Mill
Brook watershed was a demonstration of the process, criteria weighting using a local
stakeholder group was not performed. Stakeholder input and a further knowledge of
local watershed issues would be required to develop meaningful criteria weighting.
Instead, each of the parameters discussed below were used to perform the
prioritization, with equal weighting. The prioritization criteria are presented in
tabular format in Table 1.
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Stormwater Model Generated Flow Criteria
Percentage of Runoff Above Mean Runoff for Watershed: the hourly runoff volumes
generated from the stormwater model for each
% Hours Above Watershed Average
< 10%
subwatershed were compared against the mean
10% - 15%
15% - 20%
20% - 25%
runoff volume generated across the entire
>25%
Hallocks Mill Brook watershed. The results of the
analysis were used as a qualitative prioritization
parameter. The subwatershed with the greatest
percentage of hours of mean runoff volume in
exceedence of the watershed average received the
highest priority ranking.

N

1

0

1 Miles

Number of Hours per Year Flow Exceeds Bankfull Estimate: the hourly channel flow
volumes generated from the stormwater model
Annual Hours of Banfull Exceedence
<5
were compared against the estimated bankfull
5 - 10
10 - 15
15 - 20
flow volumes determined during the stream
> 20
survey. The results of the analysis were used as a
qualitative prioritization parameter. The
subwatershed with the greatest number of annual
hours of bankfull exceedence received the highest
priority ranking.

N

1

0

1 Miles

Stormwater Model Contaminant Loading Criteria
Estimates of runoff pollutant loadings were used as qualitative parameters. The
subwatershed with the highest estimated annual loadings of each particular pollutant
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received the highest priority ranking. Pollutant loading figures are provided in
Appendix C of the manual.
Stream Channel Characteristics
Stream channel characteristics obtained during the stream survey were used as
qualitative prioritization parameters. When multiple stream reaches were located
within the same subwatershed, it was necessary to select one set of characteristics to
perform the evaluation on the subwatershed basis. Typically, the stream reach
characteristics of the stream reach that dominated a particular subwatershed were
assigned to that subwatershed. The criteria and scoring were applied as described
above.
Current Impact Criteria
Field observations of direct human channel impacts and reported flooding problems
were used as qualitative prioritization parameters. Subwatersheds exhibiting more
direct human channel impacts received high priority ranking, as did subwatersheds
with reported flooding problems.
Percent Impervious of Watershed: the degree of impervious surface cover was estimated
for each of the subwatersheds and used as a quantitative prioritization parameter.
Details of the impervious surface cover are discussed in Section 6 of the manual. The
subwatershed with the highest percentage of impervious surface cover received the
highest priority ranking.
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20.53

21.75

26.48

27.90

26.87

19.73

23.28

28.37

24.02

29.47

27.53

28.01

24.08

11.21

22.59

24.58

17.13

17.10

24.95

13.27

28.50

26.99

28.24

27.23

12.32

22.93

18.22

22.45

BOD

TSS

183.33

95.11

89.24

145.64 114.18

154.28 120.96

187.78 147.22

197.87 155.13

190.57 149.41

160.32 116.32

173.75 129.46

201.19 157.73

238.32 133.74

208.99 163.85

195.23 153.06

199.49 156.00

184.83 133.86

207.12

160.22 125.61

177.75 136.65

361.99 101.36

403.20

176.96 138.73

272.05 163.13

202.10 158.45

207.24 150.50

200.30 157.03

193.11 151.39

74.74

162.64 127.51

132.39 177.01

248.65 186.27

COD

0.46

0.49

0.59

0.62

0.60

0.47

0.52

0.63

0.58

0.66

0.61

0.63

0.54

0.45

0.50

0.55

0.49

0.55

0.56

0.77

0.64

0.61

0.63

0.61

0.34

0.51

0.46

0.59

TP

3.50

3.70

4.51

4.75

4.57

3.47

4.04

4.83

4.32

5.02

4.69

4.77

4.23

2.64

3.85

4.22

5.09

3.74

4.25

3.79

4.85

4.64

4.81

4.63

1.89

3.90

3.03

4.01

TN

0.10

0.10

0.13

0.13

0.13

0.10

0.11

0.14

0.12

0.14

0.13

0.13
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0.05

0.11
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0.09
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0.12

0.05
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0.13
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0.13
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0.11

0.06

0.08
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Annual Pollutant Loading (lbs/acre)
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0.02
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0.14
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EVAMIX Results
The results of the EVAMIX prioritization process are presented in the figure below.
The high priority subwatersheds were evaluated for the potential of implementing
stormwater management practices that would alleviate the stormwater issues specific
to that subwatershed. The highest priority watersheds (1 – 10) are shown in the
darkest shading in the figure below.
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Section 9
Stormwater Management Practices
Key Points
• A Stormwater Management Practice (SMP) is a device, practice, or method for
controlling stormwater runoff or reducing its impacts
• Selection and implementation of Stormwater Management Practices occur as a result
of the planning process
• Stormwater Management Practices can be focused on improving impacted areas and
preventing future impacts
This section is designed to provide a framework and recommendations for
municipalities to implement consistent strategies and practices to more effectively
protect and manage their natural water resources while accommodating planned
growth. Two approaches are highlighted: improving impacted areas and preventing
future impacts.
Protecting watersheds from stormwater impacts requires the use of Stormwater
Management Practices (SMPs). A SMP is a device, practice, or method for removing,
reducing, retarding, or preventing targeted stormwater runoff constituents,
pollutants, and contaminants from reaching receiving waters. Various techniques
exist to accomplish the purpose of conservation design. Several techniques are
presented in this report to assist municipal officials and others to understand how to
improve the development design process.
The most effective opportunities to improve and protect water resources occur when
new land development is being planned. Many best management practices can be
incorporated into new development plans that will improve the recharge and runoff
characteristics of the land parcel. Lands that serve important hydrologic functions can
be identified and protected from disturbance or their functions restored.
Lands that are not undergoing new development should also be looked to for
opportunities to reduce their impacts to water resources. Those areas that are
suffering from or responsible for negative stormwater impacts should be examined to
determine the potential to implement SMPs that would improve the health of the
watershed. SMPs can also be implemented that will prevent future degradation of
watershed health.

9.1 Applicable SMPs
Once planning objectives have been developed and the highest priority
subwatersheds have been identified, appropriate stormwater management practices
should be selected that will work towards achieving those objectives. SMPs can be
focused on remediating currently impacted watersheds. Examples include structural
and non-structural practices such as stream restoration, stormwater detention basins,
or changes in agricultural practices. SMPs can also be focused on preventing the
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future degradation of a watershed through such SMPs as land preservation, changes
in building code, or stormwater retention requirements for future development.
The intention of establishing or constructing a SMP should be to achieve a specific
goal. Simply reducing pollutant loading within a subwatershed is not an adequate
design criterion, but reducing total suspended solids loadings by 25% is. Without
specific design goals, the effectiveness of implementing stormwater BMPs cannot be
evaluated. Some non-structural SMPs, such as a public education program, may not
have measurable goals, but they can be an indispensable component of an overall
stormwater management plan.

9.1.1 SMPs to Prevent Future Stormwater Impacts
One goal of the process outlined in the Planning Manual is to provide municipalities
and stakeholders with an understanding of the dynamics of a watershed. The stream
assessment, stormwater modeling, and data analysis can then be used as planning
tools to protect the health of a watershed and determine potential impacts caused by
changes in land use or development. While it may not be possible or practical to
completely prevent development in a watershed, adequate planning can be used to
prevent or reduce its impacts.
The New York State Stormwater Design Manual provides guidance on some
acceptable SMPs for new development (table 9.1). These include ponds, constructed
wetlands, infiltration systems, filtration systems, and open channel drainage.
In addition to those SMPs provided in the table 9.1, the New York State Stormwater
Management Design Manual lists the following SMPS as suitable for pretreatment or
supplemental practices, but not as stand-alone practices:
Ø Catch basin inserts
Ø Dry ponds
Ø Underground vaults (designed for flood control)
Ø Oil/grit separators and hydrodynamic structures
Ø Filter strips
Ø Grass channels (includes ditches designed primarily for conveyance as well as
modified practices that can achieve some pollutant removal)
Ø Deep sump catch basins
Ø On-line storage in the storm drain network
Ø Porous pavement
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The Design Manual provides further information on these SMPs.
Additional SMPs that can be established to prevent the further degradation of the
health of watershed include:
Ø Zoning restrictions – current zoning laws should be reviewed and, if
necessary, modified to prevent inappropriate development from occurring.
Ø Building codes – standards within building codes, such as minimum lots size
or set backs, can be established to control development and prevent further
stormwater impacts.
Ø Land acquisition/protection – many areas have adopted programs to obtain
land that is critical to the health of a watershed. This land can then be
preserved and protected from future development.
Note also that New York City has developed Watershed Rules and Regulations
(WRR) that apply to the Croton watershed. These WRRs might impose special
considerations for pollutant loading or stormwater management, and should be
consulted as well.

See Technical Memorandum 9.1 – Overview of The New York State Stormwater Design
Manual
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Table 9.1

Group

Stormwater Management Practices Acceptable for Water Quality
Practice
Description
Micropool Extended
Detention Pond
Wet Pond

Pond

Wet Extended
Detention Pond

Pond that treats the majority of the water quality volume through extended
detention, and incorporates a micropool at the outlet of the pond to prevent
sediment resuspension.
Pond the provides storage for the entire water quality volume in the
permanent pool.
Pond that treats a portion of the water quality volume by detaining storm
flows above a permanent pool for a specified minimum detention time.

Multiple Pond System A group of ponds that collectively treat the water quality volume.
Pocket Pond

Shallow Wetland
Extended Detention
Wetland
Wetland

A stormwater wetland design adapted for the treatment of runoff form small
drainage and which has little or no baseflow available to maintain water
elevations and relies on ground water to maintain a permanent pool.
A wetland that provides water quality treatment entirely in a wet shallow
marsh.
A wetland system that provides some fraction of the water quality volume by
detaining storm flows above the marsh surface.
A wetland system that provides a portion of the water quality volume in the

Pond/Wetland System permanent pool of a wet pond that precedes the marsh for a specified
minimum detention time.

Pocket Wetland
Infiltration Trench
Infiltration

Infiltration Basin

A shallow wetland design adapted for the treatment of runoff from small
drainage and which has variable water levels and relies on groundwater for
its permanent pool.
An infiltration practice that stores the water quality volume in the void spaces
of a gravel trench before it is infiltrated into the ground.
An infiltration practice that stores the water quality volume in a shallow
depression, before it is infiltrated into the ground.

Dry Well

Filtering
Practicies

Open
Channels

Surface Sand Filter

A filtering practice that treats stormwater by settling out larger particles in a
sediment chamber, and then filtering stormwater through a sand matrix.

Udnerground Sand
Filter

A filtering practice that treats stormwater as it flows through underground
settling and filtering chambers.

Perimeter Sand Filter

A filtering practice that incorporates a sediment chamber and filter bed as
parallel vaults adjacent to a parking lot.

Organic Filter

A filtering practice that used an organic medium such as compost in the
filter, in the place of sand.

Bioretention

A shallow depression that treats stormwater as it lows though a soil matrix
and is returned to the storm drain system.

Dry Swale

An open drainage channel or depression explicitly designed to detain and
promote the filtration of stormwater runoff into the soil media.

Wet Swale

An open drainage channel or depression designed to retain water or intercept
groundwater for water quality treatment.

Table 5.1 in the NYS Stormwater Design Manual

9-4

Westchester County Stormwater Management Planning Manual
Section 9 – Stormwater Management Practices

9.1.2 SMPs to Remediate Impacted Watersheds
Watersheds that have already been impacted by stormwater may require remediation
efforts to restore the “health” of the watershed. Once a watershed has been damaged,
it can be difficult to reverse the impacts. Remediation efforts should focus on
achieving the planning objectives established for the watershed, and should be
implemented or constructed where they will provide the most overall benefit for the
watershed. High priority areas within the watershed should be examined first to
determine if opportunities exist for SMPs.
The New York State Stormwater Design Manual provides guidance on some
acceptable SMPs, and the requirements for the acceptance of additional SMPs. That
manual, however, is focused upon SMPs applicable for future development.
Identifying opportunities to remediate existing stormwater problems can be more
difficult due the inherent restrictions on space in areas that have already been
developed. The SMPs implemented for remediation efforts will likely not be able to
achieve the reductions to stormwater flow and pollutant loadings outlined in that
manual.
Restoring the “health” of an impaired watershed will likely require the
implementation of multiple SMPs. The projects could be required in the impaired
subwatershed or upstream in subwatersheds that are responsible for the problems.
Efforts can include restoring natural habitats, restoring damaged stream channels,
reducing sediment loadings, preventing erosion, reducing pollutant loadings, etc. The
chosen SMPs should have measurable and obtainable goals.
Table 9.1, taken from the New York State Stormwater Design Manual, provides SMPs
that meet the water quality/water volume specifications established in that
document. The Design Manual also lists additional SMPs (provided in Section 9.1 of
this Manual) that are not currently effective for stand-alone application to meet the
standards for new development established by that document. Those SMPs may
however be appropriate for retrofit applications. Some examples of additional SMPs
that might be used to restore watershed “health” include:
Ø Riparian buffer enhancement – this includes restoring or creating a natural
vegetative buffer along stream corridors. Riparian buffers can improve water
quality by removing sediment and pollutants before they are discharged to a
waterway. The increased resistance to runoff will reduce runoff peak flow
rates. The reintroduction of native vegetative species and the removal of
invasive species will also help to restore natural habitats and natural stream
processes.
Ø Stream restoration – examples include bank stabilization, channel
realignment, and step-pools.
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Ø Reducing directly connected impervious surfaces – this includes eliminating
directly connected rooftop drainage. The reduced directly connected
impervious surfaces will result in greater opportunities for infiltration,
reductions in runoff volumes, and reductions in stormwater peak flow rates.
Ø Public awareness and education – informing local residents of local
stormwater issues and ways to improve stormwater conditions.
Ø Initiating changes in fertilizer and chemical application – this can include the
types, amounts, and application methods for chemicals used in agricultural
practices to control pests and promote vegetative growth. Improved practices
can greatly reduce nonpoint source stormwater pollutant loadings.
See Technical Memorandum 9.2 – General Guidance for Improved Site Design
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Technical Memorandum 9.1
Overview of the New York State Stormwater Design
Manual
A New York State Stormwater Design Manual (NYS Design Manual) has been
prepared and is currently available from the NYSDEC website. The purpose of the
manual is described as follows:
•

To protect the waters of the State of New York from the adverse impacts of
urban stormwater runoff

•

To provide design guidance on the most effective stormwater management
practices (SMPs) for new development sites

•

To improve the quality of SMPs constructed in the State, specifically in regard
to their performance, longevity, safety, ease of maintenance, community
acceptance, and environmental benefit.

The NYS Design Manual provides basic information on why stormwater impacts
need to be controlled, discusses stormwater permits and other stream related permits,
and provides unified stormwater sizing criteria. The rest of the manual focuses on the
selection and design of SMPs, and provides guidance on practices acceptable within
New York State.
The material found in the official New York State Stormwater Design Manual will not
be reproduced here; the reader is referred to that document for guidance. Only the
unified stormwater sizing criteria will be summarized here, because these criteria are
pertinent to the overall planning approach discussed in this planning manual.
(“New York State Stormwater Management Design Manual”, NYS Department of
Environmental Conservation, October 2001.)

Unified Stormwater Sizing Criteria for New York State
Chapter 4 of the NYS Design Manual presents guidelines for sizing stormwater
management practices (SMPs) to meet pollutant removal goals, reduce channel
erosion, prevent overbank flooding, and help control extreme floods. Each of these
goals is met by specific criteria. The criteria require a combination of SMPs, and many
of the SMPs listed can be designed to partially or completely meet one or more of the
criteria. Thus, it is not the intent that each criterion requires a separate SMP, but that
the design, as a whole, is tested against each of the criteria. Each of the sizing criteria
is summarized below.
Water Quality (WQv)
The water quality criterion is designed to capture and treat 90% of the average annual
stormwater runoff volume. The manual indicates that capturing all storms 1.3 inches
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or less will achieve this goal. The following equation is recommended to test the
design of new facilities for meeting the water quality objective.
WQv = (P)(Rv)(A)/12
Where:
WQv

= water quality volume in acre-feet

P

= 90% Rainfall Event Number (1.3 inches for most of Westchester
County)

Rv

= 0.05 + 0.009(I), where I is the percent impervious cover of the site

A

= site area in acres

The equation indicates that a minimum impervious cover of 5% is assumed, and that
all other impervious cover (paved or gravel roads, sidewalks, parking lots, buildings,
patios, pools, etc.) is considered to be directly connected to the storm drains with only
about 10% lost to initial abstraction.
Stream Channel Protection Volume Requirements (Cpv)
Stream channel protection volume requirements are designed to protect stream
channels from erosion. The requirement is met by providing 24-hour extended
detention of the one-year, 24-hour storm event (2.8 inches in Westchester County). In
this way, peak flows from these relatively frequent storms would be attenuated.
Overbank Flood Control Criteria (Qp)
The primary purpose of the overbank flood control sizing criterion is to prevent an
increase in the frequency and magnitude of out-of-bank flooding. The required
approach is to provide storage to attenuate the post development 10-year, 24-hour
peak discharge rate Qp to predevelopment rates. This would require storage of a 5
inch storm in Westchester County.
Extreme Flood Control Criteria (Qf)
The intent of the extreme flood criterion is to prevent the increased risk of flood
damage from large storm events, maintain the boundaries of the predevelopment 100year floodplain, and to protect the stormwater management facilities that have been
installed. To do this, the criterion requires that peak flows be held to predevelopment
rates for up to the 100-year storm through storage and controlled release. In
Westchester County, this means storage for a 7.5 inch storm.
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All of the above criteria require some degree of storage, and thus should be met by a
combination of SMPs and/or site design that minimizes impervious cover and
attempts to disperse and infiltrate stormwater rather than concentrate it and treat it.
The NYS Design Manual also discusses conveyance criteria as well as the need for
downstream analysis. Downstream analysis may allow for the channel protection,
overbank, and extreme flood requirements to be waived if it can be shown that
upstream and downstream flows can be better managed through other measures that
have been analyzed on a wider scale.
Finally, the manual sets out special provisions for designing SMPs for “stormwater
hotspots”. A stormwater hotspot is defined as a land use or activity that generates
higher concentrations of hydrocarbons, trace metals, or toxicants than are found in
typical stormwater runoff. These sites require a higher level of treatment, and
infiltration may need to be avoided.
The following land uses are deemed stormwater hotspots:
•

Vehicle salvage yards and recycling facilities

•

Vehicle fueling stations

•

Vehicle service and maintenance facilities

•

Vehicle and equipment cleaning facilities

•

Fleet storage areas

•

Industrial sites

•

Marinas

•

Outdoor liquid container storage

•

Outdoor loading and unloading facilities

•

Public works storage areas

•

Facilities that generate or store hazardous materials

•

Commercial container nurseries

•

Other land uses and activities as designated by an appropriate review
authority
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General Guidance for Improved Site Design
One way to reduce the impacts of development on a watershed is through improved
site design. BMP development design includes first, evaluating each site to determine
the conservation design principles to be achieved, and second, design techniques to
apply to the actual design and layout of the proposed development, and its
stormwater and other infrastructure systems to achieve those conservation design
principles. Each of these is discussed below.
The goal is to produce a design which balances the demands of human use (scale,
pattern, autonomy, privacy, views, etc.) with the requirements for a sustainable
landscape (reduction in land fragmentation and use conflicts, preservation of
watershed hydrology, protection of wildlife corridors and species diversity,
conservation of natural resources, etc.).
The following is a suggested series of steps that landowners, developers, and
municipalities can take to achieve conservation design goals and work together in a
more effective process. This process may seem to increase the time necessary to
receive final project approvals, but will strengthen support for the plan and
significantly reduce the time needed for preliminary and final plan review and
approval.
Determine Your Goals
n Define what is driving the decision to develop the property. Consider the "site
context".
n

Clearly identify the goals to work towards -- these are your design goals for
the project. Goals could be economic and/or personal/family related, as well
as visual, ecological, agricultural, historical, and educational.

n

Consider your time schedule and that of the municipal review process.

Conduct a Resources Inventory
This step involves identifying and mapping the natural, scenic, historic and other
resources and land use patterns associated with the property. Resources to consider in
the inventory include:
n

Site context - regional, local and site characteristics of land ownership, visual
patterns, cultural patterns, roadways, vegetation, wildlife habitat, topography,
etc. – consider possibilities for linking other landscapes, stream corridors,
critical farmland, distinctive woodland patterns; identify or established
wildlife or recreational trail corridors, etc.

n

Current land use (agriculture, wooded lot, vacant, etc.)

n

Wind patterns and micro-climate

TM 9.2-1

Westchester County Stormwater Management Planning Manual
Technical Memorandum 9.2

n

Slopes, topography

n

Hydrology, drainage (wetlands, floodplains, streams, etc.)

n

Scenic viewsheds (interior and exterior)

n

Historic resources

n

Soil patterns (hydric soils, prime agricultural soils, etc.)

n

Vegetation patterns (landscape texture and patterns)

n

Zoning

n

Land fragmentation (agricultural, natural habitat, human use, viewsheds)

n

Endangered/threatened species

n

Unusual habitats, critical natural areas, etc.

Undertake a Site Analysis
n Compare/overlay/combine the natural/scenic/historic resource and land use
pattern information to create a general understanding of the site's
opportunities and constraints, particularly as they relate to your design goals.
Some initial constraints could present opportunities.
n

Prepare a site analysis map that outlines the most important opportunities and
constraints. The site analysis should identify both the unbuildable areas
(wetlands, floodprone, or steep slope) and the most outstanding aspects of the
remaining land (such as scenic vistas, meadows, hedgerows, mature
woodlands, historic buildings or other structures, stone walls, etc.).

Create Conceptual Designs or Sketch Plans
n Use the site analysis to create conceptual designs (sketch plans). List
opportunities and constraints of each plan. This component involves four
steps:
o
o
o
o
n

Delineate proposed conservation areas (based on the findings of the site
analysis) and potential development areas.
Locate desired/permitted structures (housing units, buildings, etc.) on the
property (as they relate to the design goals).
Connect house sites with streets (logical alignment) and trails (where
appropriate).
Draw in lot lines for the house sites.

Meet with municipal officials and critique plans -- what is liked, not liked, and
why.
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n

Identify a direction for final design.

Formulate A Final Design (or Master Sketch Plan) As the Basis for An Engineered
Site Plan
n Synthesize discussion of conceptual designs (sketch plans) and finalize design.
n

Develop legal instruments necessary to realize plan goals , e.g., conservation
easements, deed restrictions, homeowners association, estate planning, etc.

Obtain Approvals (Follow-up)
n

Obtain government approval of master sketch plan, and

n

Proceed to Preliminary and/or Final Engineered Plan approvals.
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