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Dear Friends of the Environment, 

Protecting the waterways, environment and public health of New York City are central to the Department of Environmental 
Protection’s mission. Today, water quality in New York Harbor is better than it has been in over 100 years. Crucial to bringing 
the Harbor to its current state has been nearly $10 billion in projects DEP has completed or begun since 2002. These proj-
ects include combined sewer overflow abatement, marshland restoration, nutrient removal from wastewater and hundreds of 
other projects. 

To provide further water quality improvements, DEP is implementing an ambitious green infrastructure and stormwater man-
agement program that diverts stormwater from combined sanitary sewers and wastewater treatment plants, and reduces 
pollution and litter via passive and natural methods. DEP’s $1.5 billion Green Infrastructure Program, the largest and most 
ambitious green infrastructure plan in the country, has been delivering water quality, environmental and community co-ben-
efits since 2011. To further improve water quality in New York City and to meet the City’s regulatory requirements, DEP is 
working with the City’s regulated agencies to develop a similarly ambitious stormwater management program in the municipal 
separate storm sewer system (MS4) area of the City.

To develop and create the most effective stormwater management program possible, DEP looked to its peers in other munic-
ipalities to understand which methods have been successful in implementing stormwater management programs and meet-
ing regulatory requirements. This report provides DEP with baseline knowledge to make informed and effective decisions for 
our community as we continue to develop and implement our stormwater management program. Of particular importance, 
this report identifies multi-purpose non-structural stormwater co-management efficiencies and solutions, such as encourag-
ing green infrastructure in private development, and structural efficiencies such as creating retention facilities in parks as 
temporary stormwater storage areas.

DEP hopes that other service providers and municipalities find this report as helpful as DEP does, and use it to cost-effective-
ly improve the quality of their surrounding waterbodies and deliver co-benefits to their communities. This report would not be 
possible without the generous time that our peers at utilities and municipalities across the country and abroad committed to 
developing the following case studies. The Water Research Foundation provided critical support in distributing this report.

								        Sincerely,
							     

								�       
								        Angela Licata
								        Deputy Commissioner of Sustainability 
								        NYC Department of Environmental Protection
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1. Introduction
The New York City Department of Environmental Protection (DEP) owns and operates one of the 
largest wastewater and stormwater collection systems in the world including a combined sewer 
system, which conveys stormwater and wastewater within the same pipe, and a separate sew-
er system, which conveys stormwater in one pipe and sanitary sewage in another pipe. Both 
systems contribute to the water quality of the waterbodies surrounding New York City and must 
comply with federal and state water quality standards.

The combined sewer system is currently under a Consent 
Order for Combined Sewer Overflows (CSO) issued by the 
New York State Department of Environmental Conservation 
(DEC). DEC issued a State Pollutant Discharge Elimination 
System (SPDES) Municipal Separate Stormwater Sewer 
System (MS4) Permit in August 2015, which regulates water 
quality impacts from the separate stormwater sewer system.  
DEP reviewed their overall stormwater program to identify 
the many successful initiatives already in place and identify 
gaps that must be filled to meet new permit requirements.  
Many of the initiatives in the CSO Consent Order are also 
required under the SPDES MS4 Permit, allowing for a more 
unified approach throughout the sewer system. The City 
also has the opportunity to integrate solutions in a cost-ef-
fective manner to comply with both sets of regulations.

The research and information gathered for this report pro-
vides a wealth of knowledge about national and internation-
al stormwater programs that enhance our understanding of 
innovative and integrated stormwater solutions. The knowl-
edge will be used to refine and enhance DEP’s approach 
for a city-wide stormwater program. Through the generosity 
of the public water sector, over 34 communities contributed 
and provided lessons learned, challenges, and experiences 
with NPDES MS4 compliance, Consent Decree compliance, 
flood reduction programs, and other integrated stormwater 
management initiatives. Insights from this report will inform 
the future development of DEP’s programs and initiatives as 
we strive to proactively manage stormwater and wastewater 
in a more holistic manner.

Downtown Manhattan
New York City, NY
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New York City Wastewater and Sewer Infrastructure
The City owns and operates 14 wastewater treatment plants and 96 pumping stations that convey stormwater and waste-
water. The immense system protects the environment and the health of more than eight million New Yorkers, and DEP is 
committed to ensuring its continued performance and reliability. In addition to the combined sewer system and the sepa-
rate wastewater collection system, DEP owns and operates stormwater infrastructure that discharges directly into the local 
waterways. The separate stormwater system brings unique features and challenges to meeting water quality standards for 
the waterbodies surrounding New York City. DEP is currently developing the City’s first Stormwater Management Plan and as-
sociated programs in response to the SPDES MS4 Permit using information and lessons learned from communities that have 
a long history of complying with similar requirements.
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New York City Facts

2010 Census Population 8,175,000

Population Density (per square mile) 18,100

Population Growth (2000-10) 2.1%

Sanitary Sewer Pipes (incl. combined) 4,850 miles

Storm Sewer Pipes (separate system only) 1,320 miles

60%

40%Separate Sewer System

Combined Sewer System
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Moving Stormwater Forward
Thirty four communities across the U.S. and abroad con-
tributed to this tremendous effort, sharing the vital data and 
important discussions that comprise this Innovative and In-
tegrated Stormwater Management Report. These communi-
ties were screened from a larger sampling based on factors 
such as customers served, population density, projected 
growth, organizational structure, funding sources, impair-
ments, regulatory requirements, infrastructure composition 
and diversity, and drainage patterns, among other factors. 
The screening resulted in a series of interviews and 

discussions wtih communities most similar to New York City 
as well as those with innovative programs that could poten-
tially be implemented within New York City. 

The discussions covered existing initiatives, programs, 
regulations, and future plans with senior level staff about the 
multiple components that go into an integrated stormwater 
program. The data collected was analyzed and formatted 
into this report to facilitate quick access to stormwater pro-
gram decision making and implementation. The 34 commu-
nities that participated in the study were:

Arlington County, VA

City of Atlanta, GA

City of Aurora, CO

Baltimore County, MD

City of Baltimore, MD

City of Boston, MA

City of Chicago, IL

City of Cincinnati, OH

Fairfax County, VA

City of Fort Lauderdale, FL

City of Houston, TX

City of Indianapolis, IN

King County, WA

City of Lincoln, NE

City of Los Angeles, CA

City of Milwaukee, WI

City of Minneapolis, MN

City of Nashville, TN

City of New Orleans, LA

City of New York, NY

Northeastern Ohio Sewer 
District, OH

Onondaga County, NY

City of Philadelphia, PA

City of Portland, OR

City of Richmond, VA

City of San Francisco, CA

Port of San Francisco, CA

Sanitation District 1, KY

City of Seattle, WA

City of Washington, DC

Copenhagen, Denmark

Halifax, Nova Scotia

Melbourne, Victoria

Toronto, Ontario

The following regional agencies were also a part of the survey:

Chicago Metropolitan Water Reclamation District
Cincinnati Metropolitan Sewer District
New Orleans Water and Sewerage Board
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The Innovative & Integrated Stormwater Management Report
The report topics encompass the United States Environmen-
tal Protection Agency (USEPA) recommended NPDES MS4 
requirements, commonly called the six minimum control 
measures, and additional requirements commonly found 
within NPDES MS4 Permits. Additional topics that are critical 
to stormwater program success or those that can result in 
progressive and innovative water quality solutions are also 
covered in the report.

Each chapter covers a stormwater program topic and 
includes: an introduction to the program, the role stormwater 
has in the program, an introduction to the applicable United 
States federal regulations, and common high-interest factors 

that influence decision making critical to program develop-
ment and implementation. Summaries of only the factors 
common to each program are presented in the report body 
under benchmarked data. Detailed results can be found 
in separate documents and databases available publically 
by the separate municipalities. Programs that are imple-
mented across the overall jurisdiction of the associated 
respondent community are refered to as community-wide. 
As part of each chapter, case studies are presented for a 
sampling of the communities with progressive programs in 
the topic area. 





Innovative Stormwater Planning,  
Policy, and Regulations
2.1	 Innovative Stormwater Planning

2.2	 Green Infrastructure Programs

2.3	 Riparian Buffers

2.4	 Floodplains

2.5	 303(d) Lists and Total Maximum Daily Loads

2.6	 Stormwater Role in Source Water Protection

2.7	 Climate Change and Stormwater Resiliency

2
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2.1 Innovative Stormwater Planning
Water infrastructure includes three different systems: drinking water, wastewater, and storm-
water. The challenges associated with water infrastructure are escalating for some commu-
nities because of population growth, climate change, regulatory drivers, and citizen desires. 
Historically, communities have managed each of the water infrastructure systems separately, 
but integrated water management has become a new area of focus to more effectively meet 
these challenges.

The key result of an integrated management approach is an increase in efficiencies from managing stormwater, wastewater, 
and drinking water programs hollistically. An integrated management approach helps communities meet obligations while 
optimizing investments. The result is that communities gain flexibility and efficiency for meeting water quality standards while 
addressing broader community goals. Some of the approaches perform cost-benefit analyses of different solutions. The end 
result of an innovative approach assessment is a solution with the most positive cost-benefit. 

38% of respondent communities use an 
integrated management approach. Of 
these, all recognize increased efficiency 
and co-benefits. 

Respond to water  
quality impairment require-
ments

Regulatory Requirements

No regulatory 
drivers

45% of the communities that use an integrated management approach 
are doing so in response to specific regulatory requirements. 

38%

All see cost-savings/
co-benefits$38%

Implement 
integrated man-

agement

Implement 
integrated man-

agement

Respond to 
Consent Decree 
requirements

27% 55%18%

The three water infrastructure systems: drinking water, stormwater, and wastewater

Integrated Stormwater Management Drivers
Integrated management is voluntary. However, communities that are responding to a Consent Decree or Total Maximum Daily 
Load (TMDL) water quality impairment may use integrated management to more effectively comply with regulations and opti-
mize synergies. The community regulatory drivers influence the type and level of detail of the integrated approach.
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Integrated Stormwater Management Approach
Each community determines if an integrated management approach is appropriate for local conditions, including watershed 
impairments and potential solutions (wastewater versus stormwater, green versus gray, conveyance versus attenuation, and 
source control versus end of pipe treatment). 

An integrated management approach can follow a structured and documented method, such as the methods published by 
the EPA, or may follow less structured methods as long as the effort considers multiple infrastructure systems. The effort is 
considered “integrated” as long as two or more infrastructure systems (stormwater, wastewater, or drinking water) and pos-
sible solutions are assessed together. A standard approach to stormwater management typically evaluates only stormwater 
infrastructure.

For communities within the United States, the EPA offers guidance that some communities use to set up their program. The 
EPA has published policy documents that outline the approach and features of an integrated plan. A community that follows 
the EPA Guidelines not only gains the benefits of the integrated plan, but also can use the plan to more effectively comply 
with regulations.

Infrastructure Managed
Most integrated management approaches assess stormwater and wastewater. Drinking water can also be incorporated. 22% 
of respondent integrated management communities, all outside the United States, manage all three types of infrastructure 
with an integrated approach. 

Regulations
Regulations typically require separate permits for stormwater, wastewater, and drinking water. The regulations do not include 
specific requirements for innovative approaches that combine management of the three water infrastructures. However, EPA 
policy statements include an innovative approach called integrated planning. The integrated planning approach is voluntary. 
The integrated planning approach does not change regulatory standards or delay necessary improvements. 

56% of integrated management  commu-
nities manage stormwater and wastewater 
together.

Include stormwater and waste-
water

Include stormwater, wastewater, 
and drinking water

Include stormwater and 
drinking water

56%

22%

22%

73% of communities utilizing an integrat-
ed management approach have developed 
community-specific approaches to integrat-
ed management and planning. 

Follow EPA guideline 
approach

Follow community-specific inte-
grated management and planning 
approach

73%

27%
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In an effort to protect the City of Seattle’s (Seattle) waterways and provide the most cost-effective 
solutions, Seattle is taking an innovative approach to improving water quality. Seattle has proposed 
implementing stormwater projects to be completed by 2025 that will provide more effective water 
quality benefits than CSO Long Term Control Program (LTCP) projects and will treat larger volumes of 
water. By doing this, Seattle hopes to defer LTCP projects past 2025 to focus resources on stormwa-
ter projects that will improve water quality in the receiving waterbodies. The integrated plan examines 
consent decree requirements, waterbody impairments, and wet weather flow volumes.

CASE STUDY
Seattle, Washington

Seattle’s integrated plan compared the projected pollutant 
load reductions for the candidate stormwater projects with 
the projected pollutant load reductions for the candidate 
LTCP projects. For all representative constituents of con-
cern, except ammonia-N, the highest-ranked candidate 
projects were stormwater projects. The analyses of these 
projects showed that a greater pollutant load reduction was 
expected because the candidate stormwater projects treat 
larger volumes than the candidate LTCP projects. In the 
process of developing the integrated plan, Seattle also com-
pleted pollutant load modeling and exposure assessments. 
The modeling and assessments indicated that multiple 
combinations of the stormwater projects provide significant-
ly greater water quality benefits than the combined six LTCP 
reduction projects. Seattle also used these analyses to gain 
approval from the EPA and Washington State DOE to focus 
resources on the candidate stormwater projects and defer 
LTCP projects until after 2025.

Seattle submitted the integrated plan to the EPA and the 
Washington State Department of Ecology in May 2015 and 
the plan was accepted. The City of Seattle is currently im-
plementing the integrated plan and the proposed projects. 

Ballard Roadside green infrastructure
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CASE STUDY
Richmond, Virginia
In an effort to have “Cleaner Water Faster,” the City of Richmond (Richmond) is taking a comprehen-
sive approach to improving water quality. Richmond is pursuing a watershed-based integrated permit 
that will be supported by an integrated water resources management plan. The integrated permit 
consolidates all of the previously independent wastewater and stormwater permits into a single permit 
with the goal of water quality standard compliance. By doing this, Richmond hopes to unify the man-
agement of drinking water, wastewater, and stormwater systems and achieve greater efficiency.

The integrated water resources management plan goes 
beyond the basic permit requirements and lays out a 
blueprint for achieving water quality standards. Intended 
to reflect broader community goals and visions, the plan 
is being developed through intensive involvement from 
both the community and technical stakeholders. This pro-
cess has allowed Richmond to define the overall goal of 
the plan as the ability to “manage, preserve, protect, and 
restore watersheds in Richmond to fully support designat-
ed uses of all waters”. The plan includes a characteriza-
tion of City watersheds and identifies possible strategies 
to achieve goals.

The integrated plan supports the permit by providing 
data and information on how to implement projects to 
achieve permit requirements. The plan also includes 
more wide-ranging goals for the City that are derived with 
community input. This process has required considerable 
support and buy-in from the EPA, Virginia Department of 
Environmental Quality (DEQ), and community stakehold-
ers. Richmond started the integrated planning process 
in 2014 and expects to have a final permit issued by 
June 2018. 

Richmond’s efforts followed the EPA’s Guidelines (Inte-
grated Municipal Stormwater and Wastewater Planning 
Approach Framework, June 5, 2012). It should be noted 
that the integrated approach does not remove obligations 
to comply with the Clean Water Act, nor does it lower 
regulatory or permitting standards. This is a voluntary 
process through which Richmond hopes to gain flexibility 

and efficiency in meeting water quality standards while 
addressing greater community concerns and goals.

The Integrated Virginia Pollutant Discharge Elimination 
System (VPDES) Permit is a regulatory vehicle that sets 
specific water quality standards. The permit will combine 
the regulatory requirements of the wastewater treatment 
plant, combined sewer system, and stormwater system. 
By doing this, Richmond hopes to unify management of 
the systems and achieve greater efficiency.

Richmond is working closely with the DEQ in developing 
the draft VPDES permit. By assisting in permit develop-
ment, Richmond hopes to not only have a permit that 
adheres to regulatory requirements but also one that 
complements community goals.
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2.2 Green Infrastructure Programs
Green infrastructure reduces and treats stormwater at its source while delivering environmen-
tal, social, and economic benefits. Green infrastructure designs typically include peak control, 
volume control, and water quality treatment. As a result, watershed-wide green infrastructure 
programs are effective at addressing sources of impairments, thereby protecting and restor-
ing the water quality of receiving waterbodies. 
 
Prior to the NPDES MS4 Stormwater requirements, com-
munities focused most of their stormwater-related efforts 
on gray infrastructure impreovement projects that reduced 
flood damage. The design of gray infrastructure is based 
on controlling peak discharge and, in most cases, does not 
focus on other stormwater impacts such as runoff volume 
and water quality. Many communities began to refine their 
stormwater management program after the NPDES MS4 
stormwater requirements were promulgated to consider 
runoff volume and water quality, not just peak discharge.

For some time, many communities’ programs only tested 
green infrastructure as pilot applications. The green infra-
structure was installed, monitored, and refined to ensure the 
features were successful in the urban environment. Some 
community programs are now installing green infrastructure 
in wider applications so that cumulative watershed ben-
efits are provided. The wider applications are defined as 
comprehensive programs because they include large-scale 
implementation of multiple green infrastructure practices 
that collectively manage a large watershed.

Green infrastructure includes features such as rain gardens, 
bioswales, green roofs, green streets and alleys, and rain-
water harvesting. Each community’s motivation to expand its 
green infrastructure program is influenced by drivers such 
as regulations, climate conditions, and community interest 
of natural systems in the urban setting. Each community’s 

ability to advance a green infrastructure program is influ-
enced by challenges such as land use density, available 
budget, and public support. The community must find the 
appropriate balance between the drivers and challenges to 
advance its green infrastructure program.

97% of respondents are 
implementing some green infrastruc-
ture. 47% have comprehensive green 
infrastructure programs. 

Bioswale in Milwaukee, WI

Pilot green infrastructure program 
or implemented as needed

Comprehensive green infrastruc-
ture program

Only gray infrastructure program

47%

3%

50%
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Drivers
Communities that are implementing comprehensive green infrastructure programs are responding to either specific regulato-
ry drivers or self-initiated water quality improvement goals.

Self-Initiated Water Quality Improvement Goals 

Communities typically implement self-initiated water quality 
improvement goals because the water bodies are  
a visible community asset. Citizens see and recognize 
the value of the protection and/or restoration of the 
water bodies. An example of a self-initiated water quality 
improvement goal may be the reduction of trash/floatables 
to waterbodies visible on a public shoreline.

Specific Regulatory Drivers

Regulatory drivers may include a Consent Decree with 
goals such as reducing infiltration/inflow to the combined 
or separate sewer system by better controlling stormwater. 
The reduced infiltration/inflow results in reduced sewer 
overflows. Another regulatory driver may include a TMDL 
associated with stormwater pollution. 

81% of the communities with a comprehensive green infrastructure 
program implemented the program in response to regulatory- 
driven goals.

47%
Comprehensive 

program

Self-initiated water quality 
improvement goals

Explicit regulatory- 
driven goals

19%81%

65% of the communities with a pilot green infrastructure program 
implemented the program in response to regulatory-driven goals.

Self-initiated water quality 
improvement goals

35%
Explicit regulatory- 

driven goals

65%
50%

Pilot program

Dean Street right-of-way rain garden, New York City, NY						        
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Regulations
40 CFR Part 122 – EPA Administered Permit Programs: National Pollutant Discharge Elimination System describes the six 
minimum control measures that small MS4s must implement. Community-wide green infrastructure programs are not re-
quired explicitly as one of the six minimum control measures and are only subsets of two of the minimum control measures; 
post-construction stormwater management, and pollution prevention/good housekeeping for municipal operations. 

Financial Resources
A community’s annual green infrastructure budget relative to the total projected green-infrastructure need is an indication of 
the community’s commitment to meet watershed improvement goals. 

80% of the comprehensive programs have 
reliable funding to ensure a continuous and 
steady implementation.

Funding varies  
year-to-year

Have reliable 
funding

80%

20%

Baltic Street right-of-way rain garden, New York City, NY

Success Measurement
Regulatory-driven programs use metrics that are quantified. Communities measure the success of their comprehensive green 
infrastructure program based on progress toward meeting their community goals. The goals may be directly dependent on 
quantifiable actions such as number of impervious acres managed or treated, number of projects, and volume of stormwater 
runoff managed or treated. Conversely, the goals may be less quantifiable such as a general improvement trend shown by 
stream monitoring.

100% of the communities with comprehensive green  
infrastructure programs quantify their success.

Success Measure Distribution

69%
56%

31%

Stormwater runoff volume treated 

Impervious area retrofitted 

Stream impairment improved

The Patrick Henry Drive median green street, Arlington, VA
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CASE STUDY
Portland, Oregon
The City of Portland Bureau of Environmental Services (BES) uses green infrastructure to reduce 
stormwater runoff and improve water quality and habitat, while also providing services and benefits 
related to community livability, health, and energy. The goal is also motivated by a CSO Administra-
tive Order and NPDES MS4 Permit. Portland has implemented a Green Street Policy to encourage the 
implementation of green infrastructure, such as green streets in the public right-of-way. BES requires 
stormwater management and green infrastructure on private property and in the right-of-way through 
development code which prioritizes the use of green infrastructure where feasible.

BES performed monitoring to identify the multiple benefits 
of green infrastructure by measuring health, energy and 
carbon sequestration, and community livability. Addition-
ally, they considered environmental equity, which is the 
measurement used to calculate the community benefit 
when best management practices (BMPs) are located in 
underserved neighborhoods. Green infrastructure prac-
tices examined by BES include eco-roofs, green streets, 
trees, invasive species removal and native revegetation, 
culvert removal with stream restoration, land purchase, 
and plantings in natural areas. Portland has installed 2096 
public green facilities to date; this does not include private 
facilities required by the SWMM.

Maintenance of Portland’s green infrastructure is critical to 
its success and its ability to provide multiple community 

benefits. Common maintenance, which typically include 
sediment removal, structural repairs, protection from 
beavers, and vegetation management, is driven by 
inspection and condition assessment of individual 
assets. Additionally, performance of stormwater facilities 
on private property is ensured by BES’ maintenance 
inspection program. Additionally, Portland has many 
financial incentives to encourage the implementation of 
green infrastructure. BES has a Community Stewardship 
Grant Program which promotes citizen involvement in 
watershed stewardship by providing up to $10,000 per 
project to citizens and organizations. Portland also offers 
the Clean River Rewards Program, which promotes private 
green infrastructure stormwater management through 
utility discount.

Green street on Burnside Street in Portland, ORGreen street on 12th Avenue in Portland, OR
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New York City DEP has used the area-wide approach to implement a green infrastructure program 
in CSO priority watersheds to meet Consent Decree milestones. DEP has been identifying Priority CSO 
Tributary Areas (Priority Areas) based on annual CSO volume, frequency of CSO events, and outfalls 
that may be affected by Waterbody/Watershed Facility Plans (WWFPs) or other future system improve-
ments. DEP also notes outfalls in close proximity to existing and future public access locations. 

CASE STUDY
New York, New York

The identification of Priority Areas enables DEP to focus
resources on specific outfall tributary areas, analyze
all potential opportunities, select potential, preliminary,
and final sites for green infrastructure implementation,
and saturate these areas with green infrastructure. 
DEP continues to review and expand the number of 
Priority Areas.

DEP’s standardized green infrastructure designs and
procedures enable efficiencies in design and construction
and systematic implementation. This approach also 
provides an opportunity to measure and evaluate the CSO 
benefits of area-wide green infrastructure implementation 
at the outfall level.

Right-of-way rain garden in New York City, NY
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DEP utilizes the area-wide strategy for all public property
retrofits. DEP has developed standard siting and
design processes for right-of-way green infrastructure
implementation and works directly with its partner
agencies on retrofit projects at public schools, public
housing, parkland, and other City-owned property
within the Priority Areas. DEP coordinates with partner 
agencies on a regular basis to review designs for new
projects and gather current capital plan information to
identify opportunities to integrate green infrastructure into
planned public projects.

The area-wide strategy and associated standardized
procedures have enabled DEP to apply green
infrastructure at its current scale. However, there
are several challenges that DEP faces during green
infrastructure implementation. Some of these challenges
include existing urban street conditions, geologic and
soil conditions (such as high bedrock or clay soils), high
groundwater tables, and utility conflicts. In some cases
there is no alternative but to reject sites due to infeasibility.
However, DEP and partner agencies have made progress
developing solutions to some of these obstacles.

Note: These CSO outfalls are classified by tiers depending on the volume of annual discharge: Tier 1 outfalls discharge over 500 million 
gallons per year (mgy) and comprise roughly 50% of all CSO volumes, Tier 2 outfalls discharge between 250 to 500 mgy and make up an 
additional 20% of CSO volume, and Tier 3 outfalls discharge between 50.7 to 250 mgy and make up an additional 10% of CSO volume.

CSO Tiers and Green Infrastructure Priority Areas
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2.3 Riparian Buffers
Waterbodies are comprised of both the actual body of water, such as a stream, river, or 
lake, and the adjacent riparian buffer or shoreline. The riparian buffer is the area next to the 
channel that is periodically inundated during storm events. The combined system (waterbody 
and riparian buffer) conveys storm and groundwater, stores floodwater, and supports 
aquatic and other life. Protection of the riparian buffer allows the waterbody to fulfill all of 
its natural functions.

Riparian Buffer Preservation Standards
The decision to implement an effective riparian buffer control program must balance the level of protection with compliance 
cost. A key factor that influences the balance of the level of protection and compliance cost is the determination of which 
stream systems are required to have riparian buffers. 

Preserving the natural buffer system of the contributing 
streams is one of the most effective methods to treat 
stormwater and thereby protect water quality of a water-
body. Benefits of the riparian buffer include protecting water 
quality by filtering pollutants, providing storage for floodwa-
ters, allowing channels and shorelines to meander naturally, 
providing suitable habitats for wildlife, providing shade 

to reduce water temperatures, and providing soil stability 
through root mass. 
 
Preserving the natural buffer system when land is being 
developed is significantly more cost effective and facilitates 
community acceptance versus restoration of riparian buffers 
in an existing development.

Riparian Buffer

Stream
Stability Plants

Storm Event Filter

Groundwater Recharge

Storm Event Filter
Riparian Vegetation

Stream Channel

56% of respondent communities are ex-
periencing significant new development in 
greenfield areas, and 63% of these imple-
ment riparian buffer requirements.

56%

63%
Implement 
riparian buffers

Experience 
new greenfield 
development 37%

Do not implement
riparian buffers
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Buffer Width Ranges
Selecting a buffer width that is effective in providing the appropriate benefits while balancing the potential impacts on the 
developable land and community is a key decision. The minimum and maximum buffer widths are distributed as follows: 

Storm Event Filter

Minimum range: 20'-200'
Maximum range: 25'-250'

20' 0'

0' 25' 250'

200'

Watershed Requirements
Some of the benchmarked communities require riparian buffers in watersheds with sensitive receiving waters. In these sensi-
tive watersheds, riparian buffer regulations are more protective as compared to the community-wide buffer regulations. 

31%  
Also have a sensitive-water-
shed program

69%  
Only have a communi-
ty-wide program

Do not have riparian  
buffer programs

Have communi-
ty-wide programs

Have only sensitive- 
watershed programs

52% 24%24%

76% of the total respondent communities have a community-wide and/or a  
sensitive-watershed riparian buffer program.

Aerial view of a riparian buffer on a stream
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Stream Buffer Requirement
The benchmarked communities that implement riparian buffer programs do so based on either watershed size or stream 
category (perennial, intermittent, ephemeral). Implementation methods based on watershed size are the most efficient and 
straight forward for both plan reviewers and applicants. Stream category methods consider those site specific conditions, but 
require additional effort to implement. Definitions of stream categories are typically based on an approved Army Corps or state 
regulatory agency methods. 

40%
Perennial

15%  
Implement by watershed size  
(Minimum = 50 acres, Maximum = 650 acre)

85%  
Implement by 
stream type

30%
Perennial and 
intermittent

30%
Perennial, intermittent
and ephemeral

85% of respondent communities implement riparian buffer programs based on stream types. 
40% of respondent communities that implement based on stream types only include perenni-
al streams.

Regulations
There are no federal regulations requiring riparian buffers. Instead the regulations require state and local agencies to assess 
pollutant sources and methods to protect from pollutant sources, which in turn can result in the development of local riparian 
buffer regulations.

Perennial Stream

Perennial streams maintain flow throughout the year.

Ephemeral Stream

An ephemeral stream only flows in direct response 
to precipitation. 

Intermittent Stream

An intermittent stream becomes seasonally dry when the 
groundwater table drops below the elevation of the stream-
bed during dry periods.
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Fairfax County’s Chesapeake Bay Preservation Ordinance 
aims to achieve these goals through many programs, one 
of which requires 100-foot wide riparian stream buffers 
as resource protection areas. The local ordinance goes 
further to protect water quality by expanding the standard 
definition of resource protection areas to include all 
perennial streams. Lakes and ponds that form the source 
of a perennial stream, or through which a perennial stream 
flows, are considered to be a part of the perennial stream. 

The 100-foot buffer on perennial waterbodies protects 
existing vegetation, but does not mandate restoration of 
those areas where the existing condition is not vegetated 
or forested. Pollution prevention is achieved through the 
filtering and interception functions of the intact riparian 
buffer. Fairfax County completed a project to define 
and map all perennial streams to aid in plan review 
and enforcement.

CASE STUDY
Fairfax County, Virginia

Great Falls National Park 

Fairfax County implemented a local Chesapeake Bay Preservation Ordinance in 2002  
with the intent of protecting existing high-quality state waters, restoring other state waters to a condi-
tion or quality that permits all public uses, safeguarding clean waters from pollution, preventing any 
increase in pollution, reducing existing pollution, and conserving water resources for public health, 
safety, and welfare.

Big Rocky Run is a perennial stream in Fairfax County, VA Map of perennial streams in Fairfax County, VA
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80% implement floodplain regulations that 
are more protective than FEMA baseline 
standards. 

Implement FEMA �Baseline 
Requirements

Implement More Protective 
�Floodplain Requirements

20%

80%

Floodplain

Floodway

Enhanced Floodway

Channel

Flood Fringe

Floodplain Schematic
Traditional floodplain management focuses on the pre-
vention and reduction of loss of life and flood dam-
age. Examples of measures that support the 
traditional focus are channel improvements, 
floodplain regulations, flood warning, and 
retrofitting/removing buildings from the 
floodplain. 

In recent years, floodplain manage-
ment goals have changed and now 
include the preservation and resto-
ration of the natural and beneficial 
functions of the floodplains. Exam-
ples of measures that support the natural 
and beneficial functions include restoration or 
preservation of wetlands, buffers, natural channels, 
and streams. 

2.4 Floodplains
A floodplain is an area of land adjacent to a stream or river that extends from the channel to 
the base of the valley. The area experiences inundation during large storm events. Proper 
floodplain management reduces the potential for loss of life and flood damages and pro-
motes the natural and beneficial use of the floodplain. 

A regulatory floodplain is an area that is subject to flood-
plain regulations. The Federal Emergency Management 
Agency (FEMA) is responsible for oversight of local com-
munities’ floodplain management programs and defining 
baseline floodplain regulations. In addition, communities 
that comply with baseline FEMA floodplain management 
standards are eligible for the National Flood Insurance 
Program (NFIP) and receive FEMA disaster assistance 
funds and flood insurance subsidies. The key measure for 

community participation in the NFIP is that the community 
must adopt and enforce floodplain regulations and policies 
that are at least as protective as FEMA baseline standards. 
The community may elect to implement floodplain regu-
lations and policies that are more protective than FEMA 
minimum standards. This conservative approach contrib-
utes to further reducing the potential for loss of life and flood 
damage and increases the natural and beneficial functions 
of the floodplains. 
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Floodplain Management Standards
FEMA baseline standards include the following requirements:

•	 Heated living space for buildings must be elevated one foot above the 100-year floodplain elevation.

•	 Discharges used to define floodplain limits are based on existing land use conditions in order to set flood 
insurance rates.

•	 The floodplain is divided into a floodway and flood fringe. The floodway is the area of the floodplain with higher 
flood depths and flow velocity. The flood fringe conveys and stores flow with lower velocity and depths. 

Factors that influence a community’s desire to implement a more protective floodplain management program include the his-
tory of floods, damage, and loss of life. In addition, exposure to potential future flood damage also influences a community’s 
desire for a more protective floodplain management program. The future flood damage potential is influenced by the poten-
tial for land use change, development pattern and pace, and number of buildings in or near the floodplain.

50% of respondent communities elect to 
be more protective by preserving floodplain 
storage. 

Floodplain Protective Measures
Of the communities exceeding FEMA baseline standards, the floodplain protective measures differ. Flood mitigation options 
include regulations to limit development in floodplain areas and using projected future land use models. They also may be 
comprised of infrastructure projects, such as removing existing buildings from flood hazard zones and improving stormwater 
drainage system capacity. They can also include natural systems protection, such as preservation of floodplains as open 
space and protect and restore natural flood mitigation features. These measures are described in further detail below. 

Preserve 
storage

50%

Have 
implemented 
three of 
the protective 
measures

Have 
implemented 
two of 
the protective 
measures

Have 
implemented 
only one of 
the protective 
measures

Implemented 
alternative 
protective 
measures

5% 30% 60% 5%80%
Implement 

more protective 
regulations

At a park in Chicago, IL, stormwater floods the green space

60% of respondent communties implement only one of the floodplain protective measures, 
while 30% implement two of the floodplain protective measures and 5% implement three of the 
floodplain protective measures. 

Storage Preservation

Floodplain storage provides natural peak flow attenuation to reduce impacts and protect downstream systems. Preservation 
of floodplain storage also ensures the natural peak flow attenuation is maintained and ensures the natural and beneficial uses 
of the floodplains are maintained. 
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Houses meeting freeboard requirements in coastal areas by raising living spaces to the required height above the 100-year flood elevation 

71% of respondent communities elect to further increase the FEMA 
baseline freeboard value to provide an additional factor of safety.

18%
Implement 
freeboard  
> 3 ft

24% 
Implement free-
board above 1 ft 
to < 2 ft

58% 
Implement  
freeboard between
2 ft to < 3 ft

71%  
Implement freeboard above 1 ft

29%
Implement FEMA baseline freeboard of 1 ft

95% of respondent communities elect to  
use only existing land use flows for flood-
plain regulation.  

Use existing  
land use

Also use future  
land use

95%

5%

Additional Freeboard

FEMA requires that all heated living space is elevated one foot above the 100-year flood elevation. The one foot freeboard 
provides a factor of safety.

Land Use Basis for Modeling and Map Development

Flood insurance rates and claims must be based on existing flood damage, therefore FEMA flood studies are based on ex-
isting land use hydrology. Future land use hydrology modeling and studies provide the tool to manage the watershed so that 
areas that could become floodplains are regulated. 
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Floodway

Enhanced Floodway

Floodplain

Channel

23% of respondent communities are more 
protective by implementing wider floodways.

Define an enhanced flood-
way width

Define the floodway as the flood-
plain

Define the floodway width accord-
ing to FEMA minimums

8%

77%

15%

32% of respondent communities implement 
a program to retrofit or remove buildings 
from the floodpain. Have a 

“buyout” 
program

32%

Regulations
Minimum requirements for participation in the NFIP are set forth in Title 44, Part 59. 60, 65, and 70 of the Federal Regulations: 
National Flood Insurance Program. 

Floodway Width

The permitting process for development is relatively straightforward in the flood fringe. However, flow depths and velocities 
are greater in the floodway, so the permitting process for development is more deliberate. A wider floodway reduces the area 
within the floodplain available for development, provides more protection, and promotes the natural and beneficial uses of 
the floodplain.

Retrofit Floodplain Measures
FEMA and state agencies provide grants to purchase, retrofit, and remove buildings from the floodplain and thereby reduce 
flood damage potential, known as “buyout” programs. In addition, the removal of buildings supports the goal of restoring the 
floodplain’s natural and beneficial uses. 
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100% of respondent communities within the 
United States have some stream segments 
that are impaired and do not meet their des-
ignated uses. 

Per section 303(d) of the Clean Water Act, states are re-
quired to submit lists of waterbodies that do not meet their 
designated uses and water quality standards. For example, 
the regulatory agency may determine that a waterbody’s 
“designated use” is for protection and propagation of 
fish, shellfish, and wildlife. If the waterbody shows signs 
of elevated pollutant/stressors, degraded habitat, or other 
factors that indicate that “protection and propagation of fish, 
shellfish, and wildlife” is not suitable, then the state adds 
the waterbody to the 303(d) list. The pollutant or condition 
that resulted in non-compliance with the designated use is 
also documented.

A TMDL is a method to address the impairment by imple-
menting a pollution budget. A TMDL for a particular pollut-
ant in a particular watershed/waterbody is the calculated 
maximum amount of that pollutant that the watershed/wa-
terbody can contain and meet the applicable water quality 
standard. An allocation of the necessary reductions of the 
pollutant sources is included in the TMDL. TMDLs include 
management plans that aim to reduce the pollutant sources 
to the allocated levels. The TMDL approach to water quality 
improvement includes an “adaptive management” element 
where the participating communities assess the pollution 
reduction strategies at set schedule milestones and adjust 
the strategy to ensure that the TMDL goals are met. The ulti-
mate goal of the TMDL process is to attain or maintain water 
quality standards and comply with the designated use.

Algae often forms when there is a surplus of nutrients from stormwa-
ter runoff entering a waterbody

100%
Have impaired 

stream seg-
ments

2.5 303(d) Lists and  
Total Maximum Daily Loads
Pollutants or conditions that exceed set thresholds are considered water quality impairments 
or stressors. Per section 303(d) of the Clean Water Act, states are required to submit lists of 
waterbodies that do not meet their designated uses and water quality standards. Some wa-
terbodies are required to have numeric limits for pollutants, known as Total Maximum Daily 
Loads (TMDLs). Communities target removal or mitigation of these stressors to meet Total 
Maximum Daily Loads and meet designated uses. 

Each community’s 303(d) listing and subsequent TMDL are dependent on a federal and state process. The conditions that 
regulatory agencies consider during the development of the 303(d) list and subsequent TMDL include: designated uses, 
chemical and biological monitoring data, habitat, and benthic macro-invertebrate community. 



27INNOVATIVE STORMWATER PLANNING, POLICY, AND REGULATIONS

Local Watershed Management Plans
Typically, a community provides input on source reduction strategies for the TMDL during management plan development. 
In addition, some communities provide input on the monitoring program and watershed management plan implementation. 
In most cases, the 303(d) listing and TMDL process are driven by the regulatory agencies. For a typical TMDL process, the 
community only has significant influence during the management plan development phase when each pollutant source is 
assessed and methods to reduce the pollutant source to appropriate levels are determined. However, a community may elect 
to steer the 303(d) listing and TMDL process more proactively by developing a local watershed management plan.

59% of respondent communities are required 
to meet numeric requirements for waterbody 
impairments, while 3% of the communities 
implement programs on a voluntary basis. 

The impairments are based on local and watershed specific conditions.

Pollutants

Each watershed 303(d) listing and subsequent TMDL is based on watershed specific stressors and pollutants. Identifying the 
stressors and pollutants helps communities understand the watershed, and develop an effective management plan. 
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Nutrients

TMDL Impairment

Sediment

Bacteria

Metals

Trash

NA

NA

NA

NA

NA

NA

Have waterbodies on the 303d List 
and implement voluntary water-
shed management plans

Have active TMDLs

Do not implement a watershed 
management plan

59%

38%

3%

Trash commonly finds its way into waterbodies via stormwater runoff and the stormwater system
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Regulations
The 40 CFR Part 130.7 – Total Maximum Daily Loads (TMDL), along with individual water quality-based effluent limitations, 
describes the TMDL process.

Monitoring Program
As part of the TMDL process, communities can develop their own monitoring programs to complement the regulatory 
agencies’ monitoring programs. More robust monitoring approaches can help the communities better refine their “adaptive 
management” approach. Also, the robust local monitoring plan can complement the regulatory agency data and result in a 
more effective community approach to address watershed impairments and regulatory compliance.

73% of respondent communities implement 
local monitoring to better measure the water-
shed management plan effectiveness. 

Have local 
monitoring

73%

Water quality sampling in a stream Sampling collection using an extended bucket to prevent 
contamination
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The Metropolitan Government of Nashville and Davidson County (Nashville) has the goal of removing 
all streams from the 303(d) list by 2050. The plan to accomplish this includes increasing green infra-
structure, developing a robust urban forestry program, and increasing preserved open spaces. Nash-
ville has also implemented a proactive program of monitoring local streams on the 303(d) list to better 
assess the health of its streams.  

CASE STUDY
Nashville, Tennessee

Nashville’s Stormwater Management Plan outlines a wide 
range of water quality protection activities that serve to 
protect water quality and meet TMDL requirements. These 
activities – which involve various Metro Departments - 
include robust public education (internal and external 
stakeholders), illicit discharge and spill investigations, 
regulatory oversight of development and redevelopment 
sites which includes erosion prevention and sediment 
control measures as well as post-construction stormwater 
controls for both stormwater quality and quantity, and 
certain industrial site inspections. Nashville has also pro-
moted stream bank protection projects and implemented 
no-disturb riparian buffer requirements on local streams in 
an effort to protect areas proximate to streams. 

Nashville routinely coordinates with the Tennessee De-
partment of Environmental Conservation on the 303(d) list 
with additional local data supporting possible “delisting.” 
To date, approximately, 45 miles of Nashville streams 
have been removed from the 303(d) list. An additional 
37 miles of Nashville streams have been removed from a 
single impairment category - however the streams may 
remain on the list for other impairments. Based on ongo-
ing data assessments as well as ongoing and proposed 
water quality improvement projects, Nashville anticipates 
a significant de-listing request submittal in 2018.The 
increased amount of sampling has also demonstrated 
that ongoing sanitary sewer rehabilitation projects and 
increased infrastructure maintenance work has improved 
ambient water quality.

Indian Creek in Nashville, TN 
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Croton Falls Reservoir is upstate of New York City, NY and is a part of the City’s drinking water system

2.6 Source Water Protection
Source water refers to water from streams, rivers, lakes, or underground aquifers that is treat-
ed and subsequently used as drinking water. Source water protection includes all programs 
that aim to ensure source waters are not contaminated prior to treatment. 
 
Source water that is not protected and/or becomes contam-
inated can significantly increase the cost of drinking water 
treatment, and, in some cases, result in significant challeng-
es for the drinking water treatment plant to comply with Safe 
Drinking Water Act standards. For drinking water sources 
derived from surface water, stormwater pollution is a major 
factor in source water quality. Protection of the source water 
quality is directly dependent on protecting the stormwater 
runoff quality from the contributing watershed. Runoff from 
an undeveloped or pristine watershed is excellent source 
water. Conversely, runoff from an intensely-developed water-
shed is typically not an ideal source water. 

 
Balancing drinking water treatment cost, source water 
protection cost and watershed development pressures 
are a challenge that many communities must address. 
Preserving the entire contributing watershed in an 
undeveloped state may be ideal, but in most cases is not 
feasible. Some development may be allowed, as long as a 
level is not exceeded where treatment of the source water 
becomes cost prohibitive. A community can implement 
development requirements for BMPs, riparian buffers, 
and imperviousness limits to mitigate the impact of new 
development on source waters and possibly enable a 
higher threshold of allowable development.

80% of respondent communities with sen-
sitive drinking water reservoirs that can be 
impacted by stormwater pollution are pro-
tected through land use controls, riparian 
buffers, and BMPs. 

80%
Have source water protec-
tion program 
that includes 
stormwaterSensitive 

drinking water 
sources

33%

20%
Stormwater sources are 
not part of the source 
water protection
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Stormwater Pollution Source Water Protection
Each community’s watershed protection program is developed to address the specific conditions of the community. For sur-
face waters, factors considered include existing development in the source watershed, development pace, density, and size 
of watershed versus reservoir size. 

Riparian buffer requirements 

Preserving a natural buffer system for the contributing 
streams is one of the most effective methods to protect a 
watershed’s water quality. Stormwater runoff is filtered by 
natural buffers prior to entering the stream system and con-
tinues to be filtered as the runoff travels along the riparian 
corridor. 56% of the communities implement riparian buffers 
for all large stream segments. Other communities implement 
riparian buffer requirements for all stream segments in the 
contributing watershed.  
 
Chapter 2.3 Riparian Buffers further examines the regulatory 
protections implemented by communities. 

Land use controls

56% of the benchmarked communities limit the type of 
development in the source watershed in addition to imper-
viousness limits. Land uses that may be precluded include 
heavy commercial, heavy industrial, or others that have a 
high potential for spills or polluted stormwater runoffs. 

Imperviousness limits 

34% of the benchmarked communities set maximum thresh-
olds of imperviousness in the contributing watershed. In 
some cases, the regulations are set up so that if the impervi-
ousness threshold is exceeded, stormwater features such as 
BMPs are required to control and treat the runoff. 

Regulations
The Clean Water Act NPDES permit program focuses on discharges of pollutants, and thus does not directly impose source 
watershed protection requirements. CWA § 301(a); 33 U.S.C. § 1311(a). Rather, the NPDES regulations - 40 CFR Part 122 – 
EPA Administered Permit Programs: National Pollutant Discharge Eliminated System – impose requirements that regulated 
entities control discharges. In particular, consistent with the Clean Water Act, the regulations relating to MS4s focus on re-
quirements to reduce pollutants in those discharges to the maximum extent practicable. CWA § 402(p)(3)(B)(iii); 33 U.S.C. § 
1342(p)(3)(B)(iii); 40 C.F.R. § 122.34(a). Thus, federal regulations require state and local agencies to assess pollutant sources 
and methods to protect from pollutant sources. Those assessments can result in state and local agencies developing specific 
local source watershed protection regulations. 

Communities protect source water from stormwater pollution through a combination of land 
use controls, imperviousness limits, and riparian buffer preservation. 

Implement riparian 
buffer requirements

Implement 
land use controls 40%

30%

60%Implement 
imperviousness limits

Drinking water reservoir surrounded by natural area
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CASE STUDY
New York, New York
New York City’s Department of Environmental Protection (DEP) is responsible for supplying clean 
drinking water to more than 8 million City residents and 1 million upstate customers, meeting pres-
ent water demands, and maintaining the water supply system to meet future water demands. This is 
achieved through careful and coordinated management of the City’s three surface water supply sys-
tems: the Catskill, Delaware, and Croton systems, shown on Figure 1.

Currently the Catskill and Delaware water supply systems 
operate under a Filtration Avoidance Determination (FAD). 
New York City is one of five major cities in the United 
States that has a FAD. The FAD program is independent of 
other stormwater regulatory programs such as SPDES MS4 
requirements. As required by its FAD, DEP has a Long-
Term Watershed Protection Program (Program) for the 
Catskill/Delaware water supply system. The purpose of the 
Program is to protect and improve existing water quality 
in the Catskill/Delaware water supply system by engaging 
in or funding various activities that serve protective and/
or remedial water quality functions in the watershed. This 
Program supports New York City’s goal of operating the 
Catskill/Delaware water supply without filtration, avoiding 
the high cost of filtering a majority of its potable water sup-
ply. The Program includes several programs that protect 
stormwater throughout the Catskill/Delaware watershed.

The Program includes many components such as the 
Stormwater Retrofit Program, watershed rules and reg-
ulations, the Future Stormwater Controls Program, the 
Nonpoint Source Pollution Strategy for East of Hudson 
Catskill/Delaware Basins, and the Kensico Water Quality 
Control Program and Related Programs. 

The Stormwater Retrofit Program implements stormwa-
ter best management practices (BMPs) at existing sites 
throughout the West-of-Hudson watershed, thereby reduc-
ing the loading of suspended solids, pathogens, excessive 
nutrients, and other pollutants into water courses and the 

reservoir systems through stormwater runoff. As part of this 
program, the City also funds stormwater assessments and 
planning efforts that yield specific proposed stormwater 
retrofit projects and management practices in the context 
of an overall plan.

The watershed rules and regulations for the Protection 
from Contamination, Degradation and Pollution of the 
New York City Water Supply and Its Sources, 10 NYCRR 
Part 128; 15 Rules of the City of New York Chapter 18, 
gives DEP regulatory authority over certain activities that, 
if improperly carried out, could threaten to add nutrients, 
pathogens, and other contaminants into the water supply. 
The Watershed Rules and Regulations are directed pri-
marily toward controlling sewage collection and treatment, 
stormwater discharges, and impervious surfaces. In 
general, they require that persons proposing to engage 
in a regulated activity in the watershed meet stringent 
standards set out in the regulations and, in many cases, 
obtain prior DEP review and approval of the activity. 

For more information about DEP’s FAD Stormwater Pro-
grams, go to DEP’s 2016 
Long-Term Watershed Protection Plan at: 
http://www.nyc.gov/html/dep/pdf/reports/2016_long-
term_watershed_protection_program_plan.pdf
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The Future Stormwater Controls Program funds the incre-
mental costs of stormwater measures for new development 
and redevelopment required solely by the NYC Watershed 
Rules Regulations above the state and federal requirements.

The Nonpoint Source Pollution Strategy for East-of-Hudson 
Catskill/Delaware Basins based upon watershed surveys, 
water quality monitoring, and the Croton Watershed Strate-
gy, is designed to reduce known non-point sources of pol-
lution and identify and eliminate other sources of non-point 
pollution. This effort includes the funding and construction 
of BMPs. In addition, DEP has an East-of-Hudson Septic 
Repair Program for the West Branch, Boyd Corners, Cross 
River and Croton Falls basins. This program helps protect 
these unfiltered supplies from contamination by human 
pathogens resulting from failing septic systems.

The Kensico Water Quality Control Program and Related 
Programs protect and improve water quality in the Kensico 
Reservoir. This reservoir serves as the final impoundment for 
more than a billion gallons of potable water that enters from 
the Catskill/Delaware watersheds each day. Maintaining 
high quality water in Kensico Reservoir is one of the highest 
priorities for DEP. Major ongoing elements of the Kensico 
Water Quality Control Program include active stormwater 
and waterfowl management programs, a septic repair pro-
gram, periodic maintenance dredging at intake channels, 
and maintenance of stormwater retrofits, turbidity curtains, 
and hazardous spill containment facilities.

Figure 1: New York City’s Water Supply System
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2.7 Climate Change and Resiliency
The average temperature on Earth has risen over the past century and is projected to contin-
ue to rise, changing our climate. The glaciers and ice caps are also melting, and sea levels 
are rising. Climate change includes changes in weather patterns, average weather condi-
tions, and time variation of weather. 

Climate change includes increases in total rainfall depth, 
intensity, and frequency. These changes have contributed to 
more frequent storm events with greater flood damage, and 
additional and longer droughts. As a result, communities are 
more exposed to dangerous flooding conditions, have more 
potential for human life loss, and have increased annual 
flood damage costs. 

Each community’s exposure to climate change impact var-
ies, and different infrastructure elements are impacted to dif-
ferent degrees. The implementation of climate change and 
resiliency programs are based on a community’s perceived 
exposure to potential damages associated with climate 
change. In addition, political environment can also influence 
a community’s approach to climate change resiliency. 

71% of respondent communities with infra-
structure that is sensitive to climate change 
are implementing programs that mitigate 
some of the potential impacts.  

Implement resil-
iency programs

71%

Evidence of drought in California
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Observed U.S. temperature change from 1991 to 2012
Source: NOAA NCDC / CISCS-NC

The rising average temperature on Earth impacts climate and weather in all communi-
ties differently. 

Temperature

Temperature 
Change (°F)

>1.5

1.0 to 1.5

0.5 to 1.0

0.0 to 0.5

-0.5 to 0.0

-1.0 to -0.5

-1.5 to -1.0

<-1.5

Observed U.S. precipitation change from 1991 to 2012
Source: adapted from Peterson et. al. 2013

Drought

As the climate changes, the annual precipitation in local areas is also changing. An increase in rainfall leads to flooding and 
a decrease in rainfall leads to drought. Drought can have a profound impact on a community, especially in the form of water 
supply loss. Water supply loss can occur in the form of lack of snow, and therefore snowmelt to fill reservoirs, or the lack of 
rain to fill surface water reservoirs. 

Precipitation 
Change (%)

>15

10 to 15

5 to 10

0 to 5

-5 to 0

-10 to -5

-15 to -10

<-15

13% of respondent communities are taking action to prevent drought. 

Climate Change Resiliency Drivers
Each community has a different driver or set of drivers that motivates the climate change initiative. For some communities, 
sea level rise may be the primary driver. For others, more intense rainfall and frequent flood damage may be a greater 
concern. Alternatively, communities with limited drinking water sources may be focused on climate change impacts on the 
drinking source water.
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Observed U.S. change in very heavy precipitation from 1958 to 2012
Source: updated from Karl et al. 2009

42% of respondent communities are facing an increase in intense rainfall events.

Heavy Precipita-
tion Change (%)

0 to 9

10 to19

20 to 29

30 to 39

40 to 49

Coastal communities are responding to sea level rise. 

Respondent communities that use vulnerability to 
sea level rise as a climate change resiliency driver 

Sea Level Rise

As glaciers and ice caps melt with increasing temperatures, the ocean water volume increases and results in rising sea 
levels. Sea level rise impacts are first observed in coastal communities at elevations at or below sea level. Many coastal com-
munities have critical infrastructure at or below sea level that is vulnerable to flooding damages as sea levels rise and flood 
surrounding areas. Additionally, storm surge during weather events increases in height and therefore increases risk as ocean 
volumes increase and tide levels rise.

Sea Level Rise

Is a main driver

Is not a main driver

Heavy Precipitation Events

Climate changes and weather patterns may cause an increase in intense rainfall events that can result in flooding and
increase urban flood damange.
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50% of respondent communities have re-
fined design standards to account for climate 
change when performing facility planning 
and design. 

Climate Change Responses
Communities’ responses to climate change vary. 
The responses include:

•	 Revised stormwater design standards to account 
for greater rainfall depths, higher rainfall intensities, 
and more frequent flood events. 

•	 Refined coastal design standards using higher sea 
level assumptions for infrastructure design. 

•	 Increased investment in retrofitting or removing 
buildings and infrastructure that may be exposed 
to sea level rise and/or more severe flood events.

•	 Heightened focus on retrofitting critical infrastruc-
ture such as wastewater treatment plants, mass 
transit systems, hospitals, drinking water and sewer 
treatment and distribution systems, emergency 
evacuation transportation corridors, etc. 

•	 Enhanced future planning methods such as sce-
nario planning to explore infrastructure planning 
options that mitigate future impacts of climate 
change and provide a factor of safety.  

The responses can be grouped into three programmatic 
approaches: design standard revisions, scenario planning, 
and vulnerability/risk assessments.

69% of respondent communities are using some common tools to 
counteract climate change. 

Implement all 
three responses

38%
Implement  
one  
response

12%
Implement  
alternative 
responses

12%
Implement two 
responses

38%

Have revised 
design stan-

dards

50%

Street lamps inundated during flood; some communities choose to raise electrical infrastructure to mitigate impact during flooding events

69%
Implement 
resiliency  
programs

Design Standard Revisions

Communities that have advanced climate change and resiliency efforts may revise design standards. Design standards may 
be revised differently for combined sewer and separate sewer areas. The most common parameters that have been changed 
are rainfall depth, rainfall intensity, and sea level rise. 
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75% of respondent communities use sce-
nario planning to plan for climate change 
impacts and adjust the infrastructure man-
agement approach. 

75% of respondent communties have com-
pleted or are performing vulnerability or risk 
assessments to quantify potential climate 
change impacts on critical infrastructure. 

Regulations
Specific federal regulations have not been promulgated to require communities to respond to climate change and 
increase resiliency.

Damage from Hurricane Sandy in Far Rockaway, NY

Implement sce-
nario planning 

approach

75%

Assessment is in progress

Completed assessment

Have not yet assessed critical 
infrastructure

56%

25%

19%

Flooding from Hurricane Sandy in Brooklyn, NY

Scenario Planning

Communities that conduct climate change scenario planning do so by estimating potential impacts of different climate 
change predictions through an iterative process of modeling or computing results. The resulting possible climate change 
scenarios and corresponding impacts to a community’s infrastructure are analyzed to help inform the community’s decision 
to more effectively respond to climate change. 

Vulnerability / Risk Assessment

Climate change may impact each community differently. Some communities may have critical infrastructure, such as drinking 
water and wastewater treatment plants, that are more exposed to the potential impacts of climate change. Other communi-
ties’ exposure may be greater for the transportation system. Communities that have advanced climate change and resiliency 
efforts may perform a vulnerability assessment. The effort includes an assessment of each critical infrastructure component 
with regards to exposure and potential damage associated with the exposure.
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The City of Copenhagen revised its approach to citywide stormwater management due to an in-
creased amount of intense rainfall events and dry spells interspersed with heavy thunderstorms that 
leave the City inundated. As a result, Copenhagen is currently planning for increasing precipitation, 
(a 30% increase in the extrapolation of recent events) and rising sea and groundwater levels. 

CASE STUDY
Copenhagen, Denmark 

Increased stormwater volume is the immediate threat 
to Copenhagen’s main infrastructure, but the long-term 
concern is storm surge. Copenhagen is planning to 
implement innovative green-gray solutions that integrate 
the system more cost-effectively rather than investing more 
in traditional sewer system improvements. Copenhagen 
developed a Climate Adaptation Plan in response to the 
evaluated risk of damage caused by torrential rain over the 
next 100 years. The total risk was calculated to be about 
$2.2 billion (USD). Copenhagen adopted a cloudburst 
management strategy that included socio-economic studies 
and technical studies of programs and projects to manage 
stormwater. The strategy includes calculations of the 
systems required to handle large amounts of water, as well 
as a cost-benefit analysis and a new service level definition 
for surface runoff management. 

Copenhagen has a variety of solutions to manage the 
threats from climate change, including: 

•	 surface solutions to transport water on the street 
level to receiving water bodies

•	 underground tunnels to transport surplus of runoff 
that exceed street level capacity

•	 retention facilities upstream in the system to pre-
vent overflow of the system downstream

The surface solutions come in the form of: 

•	 high intensity rainfall boulevards to transport runoff 

•	 retention boulevards to transport runoff and delay 
water flowing downstream

•	 retention facilities in parks as temporary storage 
of runoff 

Copenhagen developed catchment plans of planned infra-
structure investments to manage stormwater in each water 
catchment. All catchment plans are subject to comprehen-
sive evaluation by the City government and the public. The 
implementation of projects within the catchment plans are 
prioritized based on hydraulic measures and potential urban 
space improvement. A business case was developed, 
based on evaluation of the total economic consequences, to 
move implementation forward quickly. A variety of challeng-
es have been encountered in the implementation process 
of mixed-use infrastructure in response to climate change. 
These challenges include legal authority, pollutant load 
concerns, and coordination. 

Potential site of stormwater boulevard in Copenhagen, Denmark
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New York City faces multiple climate change threats including large storm surges, heavy rains, high 
winds, heat waves, droughts, rising sea levels, higher average temperatures, and increased annual 
precipitation. The City of New York set out to build a more resilient city by addressing climate change 
with the development of the Greener, Greater New York Plan in 2007. 

CASE STUDY
New York, New York

In 2008, the City convened a panel of leading climate and 
social scientists charged with developing local climate 
projections. In 2009, the New York City Panel on Climate 
Change (NPCC) issued a report, Climate Risk Information 
2009. The report projects that by mid-century, New York 
City could experience sea levels (under a “middle range” 
scenario) that are up to a foot higher, causing flooding from 
what is today a 100-yr storm to occur 2-3 times as often. It 
also projected that by the 2050s NYC is likely to experience 
more frequent heavy downpours and many more days at 
or above 90 degrees Fahrenheit. The work of the Climate 
Change Adaptation Task Force and City agencies demon-
strates the power of informative analyses to drive thoughtful 
planning and decision making. 

In response to the devastating impacts of Hurricane Sandy 
in 2012, the City further increased its resiliency planning 
efforts and released A Stronger, More Resilient New York

plan in June 2013. This comprehensive plan contains 
actionable recommendations both for rebuilding the com-
munities impacted by Sandy and increasing the resilience 
of infrastructures and buildings citywide. A Stronger, More 
Resilient New York plan is a nearly $20 billion plan to-
wards which the City committed to contributing $1 billion in 
new funding. 

A Stronger, More Resilient New York plan includes 15 initia-
tives to increase resiliency in response to climate change. 
The main stormwater initiatives include reducing combined 
sewer overflows with green infrastructure and high-level 
storm sewers citywide, continuing to implement and accel-
erate investments in Bluebelts across the city, building out 
stormwater sewers in areas of Queens with limited drainage 
systems, and periodically reviewing rainfall trends and impli-
cations for stormwater infrastructure. 

Recent storms, including heavy rain events and coastal 
flooding, demonstrate that New York City’s water and waste-
water system have risks from extreme weather that must be 
addressed through implementation of further climate adap-
tation interventions. Heavy rainfall events (“cloudbursts”) 
can inundate urban areas and potentially cause severe 
damage. DEP, in cooperation with the City of Copenhagen, 
has started to develop innovative solutions to heavy rainfall 
and associated physical and societal impacts by conduct-
ing the Cloudburst Resiliency Planning Study, focusing on 
a pilot area in Southeast Queens. Through inland flood risk 
analysis and enhancing stormwater management through 
storage and surface flow conveyance, DEP is seeking to ad-
dress intense rainfall through integration of gray and green 
strategies in coordination with ongoing urban infrastruc-
ture planning. 

Flooding in Southeast Queens, NY



41CASE STUDY

A conceptual master plan for managing large rain events in Southeast Queens 

The Cloudburst Resiliency Planning Study first exam-
ined the underlying conditions of the area – identifying 
where flooding occurs, available greenspace that can 
be utilized, and what other challenges and opportunities 
for co-benefits exist within the community. Once defin-
ing characteristics were identified, a master plan was 
developed highlighting areas for potential intervention 
and opportunities to incorporate green infrastructure to 
safely slow and convey floodwaters to retention areas. 
Furthermore, the plan looks to align green infrastructure 
to improve connectivity within the community, creating 
green corridors between parks and other social hotspots. 
Pilot projects that were identified through this process are 
meant to act as a buffer for storms that are not captured 
by sewers due to the size of the storm or the lack of infra-
structure, alleviating chronic flooding in upstream areas 
where sewer pipes may not extend until downstream 
portions are completed. 

The first pilot project, at New York City Housing Authori-
ty’s South Jamaica Houses, will be designed to manage 
runoff from large rain events, capturing floodwater in a 
large rain retention area. It will direct runoff from adjacent 
buildings, and in the future it may also direct runoff from 
adjacent properties. Whereas traditional green infrastruc-
ture manages the first inch of runoff, DEP will likely seek to 
manage 2 inches or more by activating an underutilized 
greenspace located in the housing complex. On dry days, 
this space will provide a more functional space that can 
be actively used by the community for activities such as 
gardening, whereas during heavy rain events it can safely 
flood, mitigating negative impacts on the community. The 
conceptual plan also identifies several adjacent prop-
erties that may present future opportunities to direct the 
flow of floodwater, as well as creating connections within 
and between the community through shared spaces and 
bike paths.
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Public Involvement and  
Education Programs
3.1	 Public Education and Outreach

3.2	 Public Involvement and Participation

3
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Public education approaches that are successful in some communities may not be successful in others because of the 
differences in audiences, water quality focus, watersheds, and pollutants. Therefore, communities take a tailored approach to 
developing their public education programs to ensure local effectiveness. 

100% of respondent communities have cus-
tomized their public education program to 
address local conditions such as pollutants, 
receiving waters, and audience. 

Customized
public education

programs

100%

Stormwater management public education materials

3.1 Public Education and Outreach
A public education program includes the distribution of educational materials to the commu-
nity and other outreach activities such as television or radio advertisements. The common 
message conveyed is that stormwater pollution impacts waterbodies and that the public can 
take steps to reduce those impacts. 

Visible parts of the stormwater system, such as lakes and 
streams, provide excellent and tangible community ben-
efits, including recreation, wildlife habitat, and scenery. 
Most of the public recognizes that discarding trash, used 
oil, and fertilizers in a lake or stream adds to the pollution 
of the waterbody. However, the majority of people do not 
understand how the underground stormwater infrastruc-
ture system, such as pipes and catch basins, connects to 
these waterbodies. 

This lack of understanding reduces the awareness that any 
pollutants, trash, used oil, and fertilizer they release can end 
up in catch basins, and then be conveyed to streams and 
lakes via the underground system. 

Public education and increased awareness/understanding 
of the stormwater drainage system can be one of the most 
cost-effective methods to reduce stormwater pollution from 
entering our waterbodies. 
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Public Education Program Implementation
When developing a public education program, the specific conditions of the community that must be considered in include 
demographics, types of pollutants, and sensitive waters. The program also refines and builds tools to respond to the specific 
needs of the community. Successful public education is commonly achieved through branding, partnership with adjacent 
communities, and social media campaigns.

Trash removing water wheel in the Baltimore Harbor

60% of respondent communities implement 
branding with a stormwater message.

Water quality, streams, and watersheds, do not stop at jurisdictional boundaries and, in many cases, cover multiple adjacent 
communities. Effective public education may span multiple communities to best work towards water quality goals. For this 
reason, some adjacent communities have pooled their funds to perform some or all of the public education activities.

Regional Consortiums

58% of respondent communities participate 
in regional consortiums to coordinate region-
al public education.

City logo branding

Stormwater branding
60%

40%

Regional 
participation

58%

Regional branding for the stormwater program in area around 
Houston, Texas

Branding

Many communities develop a graphic image or slogan that is displayed during all public education or advertisement 
efforts. This branding typically reinforces the stormwater message that the entire system is connected and the 
pollutants that enter the stormwater system (including the underground system) ultimately are discharged to streams 
and lakes. Some communities do not include a stormwater message and use the standard City logo.
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Watershed signage to mark the entrance at a watershed boundary

Watershed Signage

Roadway signs that communicate to readers that they are entering a watershed boundary effectively illustrate how the entire 
area is connected to the waterbody, and that all actions taken within the area can impact the waterbody.

  

  

working for clean rivers

Program Background

The Tabor to the River Program area covers about 2.3 square miles from 
Mt. Tabor to the Willamette River between SE Hawthorne and SE Powell
boulevards, covering the Richmond, Hosford-Abernethy, Brooklyn and 

Mt. Tabor neighborhoods. The combined sewer system in 
the program area mixes sanitary sewage with stormwater

runoff from streets in the same pipes. Because of increases in
pavement and other impervious surfaces and decreases in tree

canopy, the volume of stormwater going into the pipes is much
greater than the system was designed to manage 100 years ago. Very

heavy rains can cause sewers to back up into basements, flood streets, and
overflow to the Willamette River. Through the Tabor to the River Program, the
city works together with community members, neighborhood groups, businesses,
and other organizations to improve watershed health.

Program Description
The Tabor to the River Program is:
• planting 3,500 trees
• adding 500 Green Streets
• building 100 private stormwater projects
• repairing or replacing 81,000 feet of sewer pipe
• removing invasive plants from parks and natural areas
• improving wildlife habitat, cleaning the air and

making neighborhoods healthier

Costs
Resolving the sewer system problems in the Tabor to
the River Program area with only pipe solutions would
have cost an estimated $144 million. Adding green
infrastructure projects reduces the estimated cost to 
$81 million and multiplies the benefits.

Over one-third of Portland’s

2,500 miles of sewer pipes

are more than 80 years old. 

Portland combines sewer

improvements that replace

or repair Portland’s aging

sewer pipes with green

streets, ecoroofs, trees and

other green infrastructure

to increase sewer system

efficiency, and protect

water quality, public health,

and the environment. 

Green infrastructure keeps

stormwater out of the

sewer system, filters

pollutants, provides

habitat and increases

neighborhood green

space for healthier

watersheds.

Partnerships for sewer, stormwater, and watershed improvements

The City of Portland is building hundreds of sewer, stormwater and
watershed improvements in the Tabor to the River community 
to reduce sewer backups, manage stormwater more naturally, 
and improve watershed function for clean rivers and streams.

green streets

sewer improvements

Watershed-focused public education material

Media

Many communities use a number of media sources to ensure that the messaging is effectively delivered and heard. 
Different media sources are available to each community. Media sources can include utility bill inserts, radio, television, 
newspaper advertisements, door hangers, and catch basin stenciling. 
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Regulations
40 CFR Part 122 – EPA Administered Permit Programs: National Pollutant Discharge Elimination System describes the six 
minimum control measures that small MS4s must implement and are commonly found within medium and large NPDES MS4 
permits including public education. Public education regulations require permittees to promote, publicize, inform, and report 
on stormwater management programs.  

78% of respondent communities have chosen to target specific 
impairments through watershed-focused campaigns and/or pollutant- 
focused campaigns. 

Targeted Public Education

Pollutant-focused public education material

THIS IS
NOT A

GARBAGE
CAN.

www.CleanWaterClearChoice.org

STORM WATER
IS NOT

TREATED,
SO BE

PAINT SMART.
Painters work with a variety of 

materials including paints, stains, 

varnishes, thinners, strippers, brush 

cleaners and other solvents, epoxies, 

glues, sealants, wood preservatives 

and aerosol spray paints.

It is against the law to dump any of

these materials into storm drains. 

Penalties for illegal disposal are severe 

and can include fines, incarceration, 

and/or financial responsibility for 

clean-up costs. By disposing of paint 

waste properly you can help protect our 

drinking water and the aquatic life 

in our local waterways.

REMEMBER TO
PRACTICE SAFE DISPOSAL!

Clean water is all about  prevention and 

being aware of behaviors that can lead to

storm water pollution. Harris County and 

the City of Houston are here to help. 

For more information visit

our website at  

www.cleanwaterclearchoice.org 

Report Illegal Dumping!

Harris County Environmental

Public Health Division

(713) 920-2831

City of Houston

311

Storm Water Quality
A painter’s guide to

storage, disposal, and 
clean-up of paint wastes.

78%
Use Targeted 

Public Education

Both pollutant-focused 
and watershed-focused 

campaigns

Use only pollutant-focused 
campaigns

83% 17%

Watershed-Focused Campaigns

Communities with sensitive watersheds, such as those used for drinking water supply, may elect to present watershed spe-
cific messages. 17% of respondent communities use watershed-focused campaigns to provide targeted public education 
within sensitive watersheds. 

Pollutant-Focused Campaigns

Communities that are addressing 303(d) listed impairments or TMDL restrictions may focus public education campaigns on 
activities that are related to their pollutants of concern. For example, a community with a floatable/trash TMDL may develop 
and implement a public education campaign focused entirely on the reduction of floatable/trash loads.
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The City of Los Angeles has a robust approach to include public education and involvement in 
the planning and implementation of its stormwater program. Citizens participate with committees, 
provide feedback to maximize support, and act as advocates for stormwater investments around 
the City. 

Los Angeles recently passed Proposition O, an ordinance 
that provides funding for water quality improvements 
including TMDL compliance ($500 million). Each 
individual project funded under Proposition O requires 
a separate approval process by the Administrative 
Oversight Advisory Committee and the Citizens Oversight 
Advisory Committee.

The goal of the Integrated Resources Plan (IRP) is to im-
plement the correct infrastructure in the correct locations 
at the correct time. In order to achieve this goal, 

the Department of Public Works, Department of Water and 
Power, and many other Los Angeles offices worked with 
hundreds of stakeholders over seven years to plan facili-
ties and programs that match the interests of stakeholders 
and the City government. The public outreach process is 
planned to continue throughout the implementation phase 
as necessary. In the immediate future, as part of the IRP, 
Los Angeles is developing a public outreach program 
to explore the feasibility of implementing groundwater 
replenishment with advanced treated recycled water.

CASE STUDY
Los Angeles, California

Albion Riverside Park community meeting
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DEP launched “Wait…” in May 2016, a water quality improvement pilot program that encourages vol-
untary reduction of discretionary water uses in residential buildings during combined sewer overflow 
(CSO) events. The goals of the pilot program are to increase capacity in the City’s combined sewer 
system during large storm events, reduce the concentration of wastewater in CSOs, and broadly en-
gage and educate the New York City community. 

CASE STUDY
New York, New York

DEP is the first water utility in the United States to pilot 
this type of behavior modification program that consists 
of technical, creative, and outreach components. DEP 
utilizes real-time rainfall data, collected at the wastewater 
treatment plant that serves the pilot area. This data is 
remotely transmitted to an in-house data collection and 
alerting system that electronically monitors when CSO 
thresholds are triggered. DEP’s alerting system links to 
an external mass text messaging service that sends an 
automated text alert to participants when a CSO event 
begins, reminding the public to wait before engaging 
in water-intensive activities in their homes, such as dish 
washing, laundry, showering and toilet flushing. When the 
CSO event ends, a second automated text alert is sent to 
all participants, thanking them for waiting. 

DEP collaborated with a sustainability communications 
firm to formulate a messaging campaign and outreach 
materials. The pilot program’s theme, “Heroes Wait,” 
provides participants with positive feedback, while the 
messaging campaign educates participants on their 
connection to water quality in New York City. DEP also 
initiated a wide-ranging outreach program and used 
several tactics to engage the community and encourage 
participation, including street canvassing, mailings, social 
media posts, partner organization email blasts, and com-
munity presentations.

The primary metric for determining if pilot participants 
voluntarily waited is a percent decrease in consumption – 
compared to baseline consumption – during a CSO event. 
DEP’s comprehensive metering system enables staff to 

analyze daily water consumption readings at the building 
level for both the baseline and CSO event analyses. DEP 
began monitoring participants’ consumption in June 2016 
for a six-month period and results indicate that water 
consumption among the 379 participants decreased ap-
proximately 5% from baseline conditions. DEP is initiating 
a second phase to further develop and expand the pro-
gram and to engage a larger portion of the New York City 
community. This second phase will enable DEP to test 
new outreach and enrollment strategies, and implement 
technical back-end and data collection upgrades.
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100% of respondent communities have 
tailored their public involvement program to 
consider their specific stakeholders, public 
interest, and possible partnerships. 

Customized
public involve-

ment
programs

100%

87% of respondent communities partner with schools and/or partner with parks to provide 
opportunities for involvement through outdoor classrooms and learning centers. 

Partner with Parks

Partner with scools 95%

85%

87%
Partner with 

schools and/or 
parks

3.2 Public Involvement and Participation
Public education helps citizens increase their understanding of the stormwater system. Pub-
lic involvement goes one step beyond public education and provides the community with an 
opportunity to help develop and implement its stormwater management plan. The key benefit 
of public involvement is that the citizens take ownership of the stormwater management plan 
which can result in a higher level of success. 

Each community’s public involvement program includes citizens and stakeholders in the development, implementation, and 
review of the community’s stormwater management program. The program also develops tools to respond to the specific 
needs of the community. Public involvement also includes the actual implementation of some of the stormwater management 
plan initiatives, including catch basin stenciling and stream clean-ups.

Public Partnerships with Schools and Parks
While changing behavior of adults may be difficult, changing behavior of children may be more straightforward. In turn, 
children may transfer their knowledge of the importance of eliminating stormwater pollution to older generations. Information 
on the importance of stormwater pollution prevention can be shared with children through school and park partnerships. The 
outreach can include classroom presentations or outdoor learning centers where students participate in activities that reduce 
stormwater pollution. An example of an outdoor classroom is installing and maintaining a best management practice (BMP) 
on school grounds. Students learn about stormwater pollution prevention by planting, observing, and maintaining the BMP 
throughout the feature’s lifespan.
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Stakeholder group provides  
input to elected officials

Stakeholder group provides  
input to staff 87%

59%

23%
Stakeholder group approves  
the stormwater plan

Appointed Stakeholder Group Role
Most communities engage an appointed stakeholder group to ensure that the public has an opportunity to provide input. 
Based on management and elected official desires, the stakeholder group can take on different roles. The stakeholder 
group can serve as an advisory group and: 

1.	 Provide feedback to the stormwater staff, 

2.	 Provide feedback to the elected officials, and

3.	 Act as an approving authority for any major initiatives.

Generally, the municipal authority will make decisions, but inform the public of decisions, or allow tfor public review and 
comment prior to decision milestones. In other cases, the public has the ability to steer the stormwater management de-
velopment and implementation process. The advantage of providing the public with the additional responsibility is that the 
citizens may take more ownership of the stormwater plan implementation. However, additional citizen coordination can be 
challenging. Therefore, balancing the level of public involvement is an important decision for the community.

88% of respondent communities receive input from a stakeholder group. 87% of respondent 
communities that receive stakeholder input, provide feedback to stormwater staff.

Rain barrel givaway event in Hunts Point, New York

88%
Receive input from  

a stakeholder  
group

Public Participation Opportunities
Some communities have chosen to provide volunteer opportunities to encourage citizens to take ownership of some of the 
stormwater management elements. Some communities also use programs such as Rain Barrel Giveaway Programs to en-
courage the public to capture and reuse stormwater on their private property. 
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87% of respondent communities implement 
a catch basin marking program. 

Catch basin casting in Boston, MASimilar catch basin medallions are used in Lincoln, NE

Implement 
catch basin 
stenciling

87%

Storm drain art near the James River in Richmond, VA Child participating in storm drain marking in Peaselburg, KY

Catch Basin Marking

Volunteers ensure a positive result by labeling catch basins so that other citizens become aware that the structures dis-
charge to waterbodies. In addition, the volunteers gain more of a connection to the importance of reducing and eliminating 
stormwater pollution. The volunteers take ownership of the success of the stormwater program and become strong advo-
cates for many years to come. Catch basin art programs and competitions are another form of marking that involves the 
community and provides opportunity for ownership of the stormwater program. 
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Regulations
40 CFR Part 122 – EPA Administered Permit Programs: National Pollutant Discharge Elimination System describes the six 
minimum control measures that small MS4s must implement and are commonly found in medium and large NPDES MS4 
permits, including public involvement. 

Shoreline clean-up at the Mississippi River in Minneapolis, MN Adopt-a-Bluebelt in Staten Island, NY

Other

Catch basins

Streets

Streams

38%

31%

25%

38%
Implement 

an “Adopt-A 
Program”

67%

67% of respondent communities involve the public by providing volunteer opportunities to 
maintain infrastructure elements. Many communities offer more than one infrastructure option 
for adoption. 

“Adopt-A” Programs

“Adopt-A” programs allow for public citizens and stakeholders to assume some responsibility for the operation and mainte-
nance of a piece of infrastructure. For example, common efforts completed as part of an Adopt-A-Stream program are trash 
collection and occasional beautification. Signage is also often used to identify when a piece of infrastructure has been ad-
opted and advertise the efforts of stakeholders. Communities choose what types of infrastructure are available for adoption 
such as streams, streets, and catch basins. These programs serve two key purposes: the first is for volunteers to clean the 
surrounding area or infrastructure asset. The second key purpose is to increase a volunteer’s awareness of the stormwater 
systems, and methods by which pollutant sources are reduced and/or eliminated. 
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4.0 Illicit Discharge Detection  
and Elimination Programs

4
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100% of respondent communities implement 
an IDDE program, 64% of which are a con-
sistent community-wide program and 36% 
implement a watershed-focused program.

Implement an
IDDE program

100%

Implement 
a consistent 
community-wide 
IDDE program

Implement a 
watershed-�focused 
IDDE program

36%

64%

Illicit substances such as oil and trash entering a storm drain

4.0 Illicit Discharge Detection  
and Elimination Programs
An illicit discharge is flow into a storm drainage system that is not allowed by permit or ordi-
nance. Illicit discharges often include wastes and wastewater that enter the storm drainage 
system through pipes, spills, cracked sanitary sewer systems, and dumping of waste. Be-
cause of their high volumes and concentrations, pollutants released through illicit discharges 
can cause significant negative water quality impacts. 

Typically, illicit discharges include high volumes and 
concentrations of a variety of pollutants, such as bacteria, 
petroleum products, heavy metals, solvents, and toxics. 
NPDES MS4 permits include the illicit discharge detection 
and elimination (IDDE) minimum measure a plan must use 
to detect and eliminate illicit discharges. Type, density, and 

other features of illicit discharges are community-specific 
and are dependent on age and condition of the drainage 
and sewer system, land use, and soils. Communities with 
watershed-specific regulatory requirements that are due to 
illicit discharge may consider a more-focused IDDE pro-
gram in those watersheds. 
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Enhanced and Focused IDDE Program
There are many different approaches to identify illic-
it discharges, including dry weather stream and outfall 
assessments; in-stream or wet weather monitoring for high 
pollutant concentrations; storm drainage system inspec-
tions; citizen complaint or service request assessments; 
fish kill assessments; facility inspections; and infrared 
aerial photographs. 

Locating the source and elimination of illicit discharges can 
be challenging. Source location methods can include visual 
inspections of the contributing drainage system, dye and 
smoke testing, facility or utility plan reviews, facility inspec-
tions, and pipe video inspections. 

Dry-Weather Flow Screening 
Dry-weather flow screening is one of the primary efforts of 
an illicit discharge detection program. The frequency of 
dry-weather flow screening is adjusted by each community 
relative to the potential for illicit discharges and associated 
impacts. Communities enhance their screening efforts by 
performing more frequent or focused screening in priority 
areas which have high potential for illicit discharges or 
those with sensitive waters. 

In-Stream and Land-Use Based Detection
In-stream and land-use based detection programs can flag 
high pollutant loads, which in the receiving streams may 
be due to illicit discharges. The community may implement 
programs that allow staff to perform field assessments 
when the in-stream or land-use based monitoring program 
indicates pollutant thresholds are exceeded. 

Perform dry-weather screening 
for the IDDE program

Review land-use monitoring 
to complement dry-weather 
screening

Review in-stream monitoring 
to complement dry-weather 
screening

83%

33%

29%

83% of respondent communities perform dry-weather screening to detect and identify  
illicit discharges. 

Stormwater outfall with dry weather discharge actively flowing in 
Aurora, CO

In-stream monitoring

Screening for Illicit Discharges

Dry-weather screening is the most common method to identify illicit discharges. Some communities complement dry-weather 
screening by reviewing other monitoring data such as in-stream monitoring and land use monitoring for high concentrations 
of pollutants associated with illicit discharges. 

Standard IDDE Program
IDDE programs include many standard activities to ensure consistent improvement of water quality in regards to removing 
illicit discharges. All of the programs include spill response and public education elements. 
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69% of respondent communities use moni-
toring results to target future IDDE program 
efforts to increase effectiveness. 

37% of respondent communities inspect the 
sanitary sewer system as part of MS4 Permit 
requirements. 

Frequency of dry-weather screening is com-
munity specific. 53% of respondent commu-
nities inspect outfalls on a permit term basis. 

Regulations
40 CFR Part 122 – EPA Administered Permit Programs: National Pollutant Discharge Elimination System describes the six 
minimum control measures that small MS4s must implement, and are commonly found; within medium and large NPDES MS4 
permits including illicit discharge detection and elimination.

Screen outfalls on an annual or 
more frequent basis

41%

Screen outfalls less frequently 
than 5 years

6%

Screen outfalls on a permit term 
basis (5 years)

53%

Use monitoring 
to target future 

efforts

69%

Inspect the 
sanitary 
system

37%

Dry-Weather Flow Screening Frequency

Frequency of screening is key. Screening performed by volunteers can reduce the required investment.  
Additional dry-weather screening information and parameters are discussed in Chapter 10: Stormwater Monitoring. 

“Adaptive Management” using Screening Results

Some communities have elected to or are required to track and assess illicit discharge data. This data can be used to focus 
the illicit discharge detection and elimination program to areas with high potential for discharge, and to help increase the 
program effectiveness.

Sanitary Sewer Inspection

In addition, some communities may experience significant bacteria loads from the sanitary sewer system, and therefore, 
have elected or are required to assess the sanitary sewer system. When present in stormwater, wastewater is considered an 
illicit discharge. Wastewater can originate from cross-connections, sanitary sewer overflows, amd infiltration. In most cases, 
the Utility Department is responsible for operation and maintenance of the wastewater system. Inspection of the wastewater 
system is required by some of the NPDES MS4 permits. This effort is can be led by the stormwater organization, or through a 
partnership with the Utility Department.
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CASE STUDY
Boston, Massachusetts
Boston Water and Sewer Commission (BWSC) has a robust Illicit Discharge Detection Elimination 
Program to lessen the number of non-stormwater pollutants entering the separate stormwater sewer 
system. In general, Boston’s program includes dry weather flow monitoring, investigations, and elimi-
nation of illicit discharges. As required by Boston’s Consent Decree, the IDDE program is implemented 
systematically and on a sub-catchment priority basis.

BWSC’s primary means for performing IDDE investi-
gations include dry weather manhole inspections, dye 
testing of buildings’ sewer laterals, video inspections of 
pipes, and occasionally sandbagging of manholes to de-
tect any sources of pollution. Numerous other methods of 
source tracking and identification have also been tested 
by BWSC, including using dogs to scent evidence of sew-
age in drain manholes. Illicit discharge investigations are 
typically performed by consultants to BWSC or in-house 
staff. Elimination of illicit connections in the right-of-way 
are corrected and funded by BWSC, but those on private 
property are the responsibility of the property owner and 
are privately funded. To incentivize leaking sewer lateral 
elimination, BWSC offers financial assistance to property 
owners in the form of reimbursements through the Sewer 
Lateral Assistance Program. Under the program, owners 
of verified leaking sewer laterals may receive up to $4,000 
in reimbursements for lining or relaying the lateral through 
a licensed bonded contractor. Prior to reimbursement, 
dye tests are used to confirm that the lateral no longer 
leaks into the storm drain system.

In 2015, the Commission initiated an Urban Runoff 
Water Quality Project. The project includes water quality 
sampling from manholes, outfalls, and gutters. Samples 
are being analyzed for bacterial indicators, human DNA 
markers, pharmaceuticals and personal care products, 
nutrients and other commonly sampled stormwater pa-
rameters. The main purposes of the project are to explore 
the use and effectiveness of alternative parameters and 
methods for determining whether bacteria or ammonia in 
storm drains or outfalls are from non-human sources, and 
to aid the Commission in determining where and to what 

extent non-human sources of bacteria and phosphorus 
may be contributing to contamination in the storm drain 
system. Findings from the project will aid the Commission 
in prioritizing where future illicit discharge investigations 
should be directed.
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FIGURE 1
VERIFIED ILLICIT DISCHARGES AND SEWER SYSTEM OVERFLOWS DURING REPORTING PERIOD

07/01/2016 - 12/31/2016

Verified illicit discharges and sewer system overflows during 
July 2016 - December 2016
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Construction and Post-Construction 
Stormwater Management Programs
5.1	 Erosion and Sediment Control

5.2	 Post-Construction Stormwater Management Programs

5
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73% of respondent communities provide a 
higher level of protection than federal thresh-
olds by regulating sites that disturb less than 
one acre.

5.1 Erosion and Sediment Control
Construction activities disturb the vegetation and natural soils of a site, resulting in increased 
erosion potential. In addition to potentially carrying pollutants, the increased sediment volumes 
from denuded sites can impact receiving waters by covering the waterbody substrate and 
obstructing habitat. Erosion and sediment controls minimize erosion and keep eroded soil on a 
construction site, so that it does not wash off and pollute the receiving waterbody.

An effective erosion and sediment control program balances 
the level of protection with compliance cost. Level of protec-
tion is influenced by community-specific conditions such as 
land development pace/patterns, soils, hydrologic condi-
tions, slopes, and watershed sensitivity. Compliance cost is 
influenced by project size, plan review effort, implementa-
tion/construction requirements, and inspection/monitoring. 
Communities select the threshold value based on local sen-
sitivities, including soil erodibility, development trends, land 
use, re-grading patterns, and receiving water sensitivity. 

A comprehensive erosion and sediment control program, 
which includes ordinances, design standards, inspections, 
and enforcement is key to limiting the impacts of soil erosion 
from construction sites. Effective programs require appro-
priately designed, installed, and maintained erosion and 
sediment control features. The inspection and enforcement 
program must be robust so that contractors are held ac-
countable for failed erosion and sediment control practices.

73%
Protect beyond 

federal 
thresholds

Erosion and sediment control measures in place during construction of a BMP in the Staten Island Bluebelt, NY
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Erosion and Sediment Control Requirements

73% of respondent communities have a 
threshold lower than a quarter of an acre, 
or 10,890 square feet, in response to local 
sensitivities. Have a 

threshold of 
21,780 sf  
< 1 acres

Have a 
threshold of 
> 1 acre

Have a 
threshold of  
< 10,890 sf

Have a 
threshold of 
10,890 sf to 
< 21,780 sf

73% 0%

0% 27%

Additional Screening of Project Features

In addition to community-specific disturbed area thresholds, other project features are used to identify the required erosion 
and sediment control measures. These features include total site area, increased impervious area, and drainage pattern 
changes. These additional project feature screenings ensure the appropriate factors are considered to control erosion 
and sediment. 

Sediment control around a storm drain Construction runoff with sediment entering a storm drain in 
Arlington, VA is a hazard to the receiving streams amd waterbodies 
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Disturbed Area

Protection Threshold Breakdown

Disturbed area thresholds may differ based on land use and to meet sensitive watershed requirements. The breakdown 
includes the most stringent disturbed area thresholds for each respondent community.
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Erosion and Sediment Control Enhancements
Enhanced erosion and sediment control may be required based on watershed-specific requirements and/or receiving 
stream assessments. 

28% of respondent communities have enhanced erosion and sediment control requirements 
to protect sensitive watersheds.

Regulations
40 CFR Part 122 – EPA Administered Permit Programs: National Pollutant Discharge Elimination System which describes the 
six minimum control measures that small MS4s must implement and are commonly found in medium to large NPDES MS4 
permits, including erosion and sediment control. 

Implement watershed specific requirements

Require receiving stream assessments

19%

14%

28%
Have enhanced  

erosion and 
sediment 
control

17% of respondent communities encourage compliance by implementing fines from $500 to 
< $1,000 per violation-day, and 61% encourage compliance by implementing maximum fines 
over $1,000 per violation-day.

61%  
Use fines > $1000 per 
violation-day

17%
Use fines 
between $500 
and < $1000 per 
violation-day

22%
Use fines < $500 
per violation-day

100%
Use  

fines for
enforcement

Fines

Selecting the appropriate deterrent for violations is critical. If the fine is below the cost of compliance, the developer may 
chose to ignore the regulations. Conversely, fines should not be so high as to become a burden and negatively impact de-
velopment. When setting the appropriate fine amount, communities typically consider environmental impacts and associated 
remediation costs.

Watershed-Specific Requirement

Communities with sensitive receiving waters, such as 
water supply watersheds, streams that serve as habitat for 
threatened or endangered species, or streams on the 303d 
list due to impairments associated with sediment, are likely 
to implement more protective erosion and sediment control 
regulations. The more protective regulations may include 
different design standards and details, or lower thresholds 
for permit compliance.

Receiving-Stream Assessment

Streams receiving runoff have varying sensitivity. Site-
specific assessments help tailor the erosion and sediment 
control program to address the specific needs of 
the waterbody. 
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CASE STUDY
Toronto, Ontario
The City of Toronto and the Toronto and Region Conservation Authority (TRCA) have a unique part-
nership in promoting pollution control and water quality improvements, including the erosion and 
sediment control program. The City of Toronto, as the municipal authority, regulates construction 
erosion and sediment control through the Wet-Weather Flow Management Guidelines (WWFM). The 
guidelines require that all development sites, regardless of size, implement temporary erosion and 
sediment control. 

All erosion and sediment control best management 
practices are to be designed, constructed, and main-
tained in development sites in accordance with guidelines 
published by an area-wide organization of conservation 
authorities, referred to as the Greater Golden Horseshoe 
Area Conservation Authorities (GGHA CAs). The WWFM 
guidelines also require an erosion and sediment control 
permit to be obtained prior to any land disturbing activi-
ties on sites larger than 0.5 hectares (about 1.24 acres). 

The guideline provided by the GGHA CAs provides a con-
solidated statement of requirements and expectations for 
erosion and sediment controls implemented in the Greater 
Golden Horseshoe Area. Additionally, the guideline 
explains the role of the conservation authorities and the 
relationships they have with their municipal counterparts. 

The Conservation Authorities Act gives oversight juris-
diction to the Conservation Authority staff to be involved 
with the technical review of erosion and sediment controls 
related to the regulations. TRCA, along with many conser-
vation authorities and their respective municipalities, have 
entered into a memorandum of understanding with the 
City of Toronto. This memorandum allows TRCA staff to 
review and comment on all site and subdivision plans and 
agreements related to stormwater management under the 
City of Toronto’s Erosion and Sediment Control Permit. 

TRCA requires an additional permit be issued by the 
GGHA CAs when proposed work impacts existing chan-
nels, wetlands, or regulated areas. In terms of existing 
channels, a potential impact can be defined as any work 
that straightens, changes, diverts, or interferes in any 
way with the existing channel of a river, creek, stream 
or watercourse. 
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72% of the communities are more protective 
than typical state thresholds by regulating 
sites that are less than one acre of disturbed 
area or 10,000 square feet of impervious area.

72%
Are more
protective

North and South Conduit BMP, New York, New York

5.2 Post-Construction Stormwater 
Management
The amount of runoff that is generated from a site is dependent on the land use and amount 
of imperviousness. High imperviousness results in greater runoff volumes. Similarly, pollutant 
quantities in the runoff are also elevated for sites with greater imperviousness. As a result, 
stormwater runoff from developed land can be a significant non-point pollutant source for 
receiving waterbodies. Both structural and non-structural Best Management Practices (BMPs) 
can be implemented to control and treat the runoff at the origin site in order to protect and 
prevent degradation of receiving waters. A post-construction stormwater ordinance requires 
developers to mitigate the stormwater impacts of their projects. 

An effective post-construction stormwater ordinance balanc-
es the level of protection with compliance cost. The level of 
protection is influenced by community-specific conditions 
such as receiving water sensitivity, type of pollutants, de-
velopment pace/patterns, soils, and precipitation patterns. 
Level of protection can be increased by lowering the thresh-
old at which site plans must consider development impacts, 
requiring treatment of more of the annual runoff, or installing 

features that treat numerous pollutants. Compliance cost is 
influenced by project size, plan review effort, implementa-
tion/construction requirements, and inspection/monitoring. 
Compliance costs can be reduced through incentives or 
relaxed design standards for re-development projects. In 
addition, compliance costs can be reduced by the imple-
mentation of off-site mitigation or fee-in-lieu-of programs. 
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Post-Construction Stormwater Management Requirements
Most of the communities use disturbed area thresholds and impervious area thresholds to implement post-construction 
stormwater management requirements. In addition to disturbed area and impervious area, other conditions are used to de-
termine post-construction stormwater management measures. These conditions ensure sites that impact the storm drainage 
system are required to manage stormwater on-site after construction. 

Disturbed Area

A relatively small disturbance area threshold, such as 5,000 square feet, requires post-construction adherence for a sig-
nificant number of projects, and therefore, increases the compliance and enforcement effort. A relatively large disturbance 
threshold, such as one acre, requires only large projects to comply. Communities select the appropriate threshold value 
based on a number of factors, including soil erodibility, development trends, land use, re-grading patterns, and receiving 
water sensitivity. Disturbed area thresholds may differ based on land use and to meet sensitive watershed requirements. The 
breakdown includes the most stringent disturbed area thresholds for each respondent community.

55% of respondent 
communities have a 
threshold lower than a 
quarter of an acre.

Impervious Area

Similar to disturbed area, communities select impervious area compliance thresholds by balancing the need for environ-
mental protection with the desired compliance and enforcement effort. Impervious area thresholds may differ based on land 
use and to meet sensitive watershed requirements. The breakdown includes the most stringent disturbed area thresholds for 
each respondent community.

53% of respondent 
communities have a 
threshold lower than 
2,500 square feet.

Have a threshold < 10,890 sf
55%

Have a threshold < 2,500 sf
53%

Have a threshold from 10,890 sf 
to < 21,780 sf

8%

Have a threshold from 2,500 sf 
to < 5,000 sf

13%

Have a threshold of 1 acre
27%

Have a threshold from 5,000 sf 
to < 10,000 sf

21%

Have a threshold from 21,780 sf 
< 1 acre

5%

Have a threshold > 1 acre
5%

Have a threshold > 10,000 sf
13%
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Design Goals
The EPA recommends that the BMPs selected for implementation minimize water quality impacts and attempt to maintain 
pre-development runoff conditions. Additionally, the selected BMPs must be appropriate for the local community and account 
for local conditions, development patterns, and receiving water conditions. 

44% of respondent communities have a 
single design goal of either retention require-
ments or pollutant removal requirements. 
56% combine these design goals to result in 
cumulative protection of water quality. 

Retention Design Goals 

Retention promotes infiltration, reduces the amount of runoff that enters the storm drainage system, and matches pre-devel-
opment runoff volumes to encourage low impact and/or green infrastructure. 

0.3 Inches minimum

12 Hours minimum

1.0 Inches mediuan

34 Hours average

1.25

72

Inches maximum

Hours maximum

Detention Time Design Goals 

Detention time is the length of time that runoff volume is held to slow release rates of runoff volume and promote 
pollutant settling. 

The median design depth for re-
tention is 1.0 inch. 

The average design detention 
time is 34 hours. 

Have only a retention requirement

Have only a pollutant removal 
requirement

11%

33%

Require both pollutant 
removal and retention

56%

Post-construction bioretention implemented on private property in the Northeast Ohio Regional Sewer District, OH
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Inches maximum

Pollutant Removal Requirements

Post-construction BMPs are typically designed to meet goals 
associated with pollutant removal in addition to retention 
volume and detention times. Two pollutants are typically as-
sessed: total suspended solids (sediment) and total phospho-
rus or total nitrogen (nutrients). Design goals are set relative to 
pre-development conditions or post-development conditions. 
For pre-development conditions, the baseline is 
set based on existing land use or existing pollutant load rates. 

Communities that implement BMPs based on pre-development 
conditions require the pollutant removal to be reduced by an 
additional 10 to 0 percent and nutrient removal to be reduced 
by an additional 5 to 0 percent of the existing pollutant loads. 
Communities that implement BMPs measured relative to 
post-development conditions require sediment conditions 
to be an overall reduction between 70 and 90 percent of the 
post-development load rate and nutrient conditions to be an 
overall reduction between 50 and 60 percent of the post-devel-
opment load rate. 

Of the respondent communities that require 
pollutant removal, 23% implement require-
ments focused on the removal of nutrients 
and sediment.

23%
Require both nutrient and 
sediment removal

44%
Require only nutrient removal

33%
Require only sediment removal

43% of respondent communities have en-
hanced post-construction stormwater man-
agement requirements to protect sensitive 
watersheds. Community-wide requirements

Watershed based requirements
43%

57%

Stiling basin used in the Staten Island Bluebelt, NY to reduce sedi-
ment

Oil-water separator to be installed as part of a manhole within a 
stormwater management system

Enhanced Post-Construction Stormwater Management Requirements
Each watershed and receiving water may be impacted by different pollutants, so communities may tailor post-construction 
stormwater ordinances to focus on watershed-specific pollutants of concern. 
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Re-Development Requirements
In many urban communities, re-development of land with existing buildings or developed uses is common due to the lack of 
open space available for new development. Re-development can include the removal of existing structures and construction 
of replacement structures or can include additions to existing structures. Communities that require re-development sites to 
treat stormwater runoff from existing and new impervious areas at the site improve the overall watershed health. Communities 
that require re-development sites to treat only the new or additional impervious areas only prevent degredation of the overall 
watershed health. 

53% of respondent communities require 
re-development sites to manage stormwater 
based on the total impervious area of the site. 

Require management of only the 
new impervious area of the site

Require management of the total 
impervious area of the site

53%

11%

Require management of another 
amount of the impervious area of 
the site

36%

69% of respondent communities require 
re-development sites to meet the same de-
sign goals as new development. 

Flexible requirements meeting 
design goals

Require meeting all 
design goals 

69%

31%

Bioretention in a parking lot of an industrial site in San Francisco, CA Rain Garden at the Academy of Sciences in Golden Gate Park in 
San Francisco, CA

Re-Development Design Goals

A community may elect to encourage re-development by offering post-construction stormwater ordinance flexibility. The 
flexibility can include exemptions for existing imperviousness, design goals, and fee-in-lieu. Additional details of programs 
that provide post-construction ordinance flexibility such as fee-in-lieu are documented in Chapter 11.0 Funding Sources and 
Financial Incentive Programs.
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Post-Construction Stormwater Management Implementation
Publicly-funded projects such as roadways, fire stations, and parks may create new imperviousness. Some communities 
elect to require publicly-funded projects and associated new imperviousness to comply with the post-construction ordinance.

76% of respondent communities require municipal facilities to comply with post-construction 
ordinance elements. 

Inspections

69% of respondent communities perform 
regular inspection on post-construction 
stormwater measures with municipal staff. 
The average inspection frequency is two and 
a half years. 

Inspection can be the responsibility of the community staff 
or the property owner. If the community elects to delegate 
the inspection responsibility to the property owner, a require-
ment may include that the inspection be performed by an 
individual that maintains a certification such as a profession-
al engineering license. 

Communities determine the inspection frequency of the 
post-construction sites and BMPs to ensure compliance. 
The inspection frequency may be based on their prop-
erty owner’s compliance history and the sensitivity of the 
watersheds. Some NPDES MS4 permits dictate the inspec-
tion frequency. 

Regulations
The regulation that requires post-construction stormwater treatment is 40 CFR Part 122 – EPA Administered Permit Programs: 
National Pollutant Discharge Eliminated System which describes the six minimum control measures that small MS4s munic-
ipalities must implement and are commonly found in medium to large NPDES MS4 permits. Post-construction stormwater 
treatment is one of the six minimum measures. 

Require property owners or a 
professional engineer to perform 
inspections and provide results

Perform inspections with 
municipal staff

69%

23%

Do not require inspections
8%

BMP inspection in Fairfax County, VA BMP inspection checklist for Fairfax County, VA
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CASE STUDY
New York, New York
The New York City SPDES MS4 Permit requires the City to perform a study to recommend an 
appropriate reduction in the soil disturbance thresholds for triggering the applicability of con-
struction and post-construction stormwater management requirements. 

The study consisted of three main tasks. The first task was 
a literature survey to develop an inventory of construction 
and post-construction stormwater regulatory requirements 
in other major urban cities. This data collection included 
land disturbance thresholds for new development and 
redevelopment, stormwater treatment/retention/detention 
criteria, green infrastructure or stormwater best manage-
ment practices (BMP) approaches, allowable structural 
controls, performance criteria, and banking and credit 
systems, as applicable. The data inventory also included 
the number of staff performing reviews and inspections, 
their workload in terms of the number of reviews and 
inspections performed per year, and the fees charged 
to developers for stormwater management applications, 
reviews, and/or inspections.

The second task consisted of an assessment of the po-
tential benefits, costs, and constraints (including technical 
and administrative considerations) associated with differ-
ent lot size soil disturbance thresholds for construction 
and post-construction requirements. Fifteen years of NYC 
Department of Buildings development and redevelopment 
data (2000-2014) and available Department of City Plan-
ning Primary Land Use Tax Lot Output (PLUTO) land use 
data were used to identify lot size thresholds potentially 
applicable to NYC-specific conditions. The lot sizes as-
sessed ranged between 5,000 square feet and one acre. 
Lot information and statistical analyses were performed 
on different hydrology and hydraulics parameters such 
as impervious cover, soil type, and infiltration rates. The 
analysis also included the number and total area of public 
and private properties for each lot size, type of develop-
ment/zoning/land use, and total and percent construct-
ed impervious surface areas and remaining pervious 
surface areas.

The final task consisted of cost-benefit and water quality 
analyses for the different construction and post-construc-
tion stormwater management requirements and selected 
disturbance thresholds. Conceptual designs of stormwa-
ter control measures were developed and life cycle costs 
were evaluated for both the developer/owner (including 
design, construction, and O&M costs, loss of property 
revenues, and permitting/inspections over the design life) 
and the City (including municipal staff resources required 
for Stormwater Pollution Prevention Plan reviews and BMP 
inspections). The goal of this analysis was to identify the 
“knee-of-the-curve” for costs of controls and water quality 
improvements (pollutant load reductions for pathogens, 
total suspended solids, total nitrogen, and total phospho-
rous in relation to the lot size soil disturbance thresholds. 

Soil
Suitability

Space
Availability

HIGH PRIORITY

LOW PRIORITY

Bold stormwater control 
measure technologies indicate 

selected for sample site analysis

On-Site Vegetated Infiltration

Rain gardens, bioretention

(Sub)Surface Infiltration and Green Roof

Permeable pavement, infiltration 
trenches, turf fields, green roof

Vegetated Detention with Treatment

Vegetated open swales, constructed 
wetlands, bioretention with underdrains, 

ponds, sheet flow to riparian area

Physical Treatment and Green Roof

Permeable pavement, infiltration trenches, 
turf fields, green roof

High

Low

High

Low

High

High

Low

Low
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CASE STUDY
Atlanta, Georgia
The City of Atlanta implemented its first post-construction stormwater management ordinance in 2004. 
The 2004 ordinance was focused on water quality and included requirements to capture the first 1.2 
inches of runoff and remove 80% of total suspended solids. The detention requirement also called for 
new and redevelopment sites to reduce their peak outgoing flow rates by 30% relative to pre-devel-
oped flow rates, up to the 100-year storm event. 

Most of the stormwater management practices imple-
mented under this ordinance were large, dry detention 
ponds which eventually posed aesthetic and safety 
issues. In response to community concerns and other 
challenges, the City of Atlanta revised the post-construc-
tion stormwater management ordinance in 2013 to focus 
more on the management of the more polluted runoff gen-
erated from the first flush of all storms, while still aiming 
to provide flood protection from major storm events. The 
ordinance requires new retention and detention targets for 
the following project types: new non-residential develop-
ment that involves creation of impervious cover, redevel-
opment that includes the creation, addition, or demolition 
and replacement of 500 square feet or more of impervious 
cover, demolition that leaves in place more than 500 
square feet of impervious cover, and single family resi-
dential development for new homes and large additions 
over 1000 square feet of impervious surface

Water quality requirements include treating the first 1.0” of 
runoff with green infrastructure, and holding the first 1.0” 
of rainfall runoff volume on-site. Flood control require-
ments differ for new and re-development sites. For new 
development, the post-construction site is required to 
match the pre-development flow rate or mimic the natural 
conditions of the site. Redevelopment is required to detain 
a percent reduction based on the impervious surface that 
is currently present. The percent reduction is calculated 
using the formula:

% of the site with impervious surface

2
= % reduction 
    required

Flood control requirements in the 2013 ordinance apply 
to the 25-year, 24-hour return frequency storm event. Hy-
drology studies are required for all sites with stormwater 
management facilities, except small commercial sites that 
add or replace less than 5,000 square feet of impervious 
surface and provide the appropriate green infrastructure. 

Single-family residential development is not required to 
comply with flood control requirements such as hydrology 
studies, concept plan meetings, or maintenance agree-
ments with the City. The City of Atlanta provides a guid-
ance document, “Green Infrastructure for Single Family 
Residences” to simplify the review and approval process. 
The document provides tear-off details and construction 
specifications to ease compliance and implementation. 

Green Infrastructure for

Single Family Residences

CITY OF ATLANTA STORMWATER GUIDELINES

Prepared for

CITY OF ATLANTA, GEORGIA

DEPARTMENT OF WATERSHED MANAGEMENT
NOVEMBER 2012

PPrreeppaarreedd bbyy

AAMMEECC EEnnvviirroonnmmeenntt && IInnffrraassttrruuccttuurree
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Melbourne, Victoria

Additionally, in recent years, Victoria has experienced a 
long-standing drought and a large increase in population. 
The combination of lower water storage and an increas-
ing population led the City of Melbourne to explore water 
security and address water quality issues through a Water 
Sensitive Urban Design (WSUD) approach.

WSUD is a part of the integrated water management 
approach Melbourne implements, where all water streams 
are considered a resource. The design of WSUD aims to 
allow the water cycle to function naturally while remaining 
as part of the urban environment. WSUD seeks to achieve 
integrated water management by reducing potable water 
consumption, maximizing water reuse, reducing wastewa-
ter discharge, minimizing stormwater pollution before it is 
discharged to the aquatic environment, and maximizing 
groundwater protection. Managing flooding and sea level 
rise are also emerging issues as low-lying industrial land 
is redevelopment in high rise residential.

The City of Melbourne’s water quality is reflected in Melbourne Water’s Index of River Conditions 
ratings for waterbodies. Three major waterways pass through the municipality and discharge to Port 
Phillip Bay: the Yarra River, Maribyrnong River and Moonee Ponds Creek. These waterways provide 
recreational, economic, tourism and aesthetic value. The water pollution issues are caused by pol-
lution from urban stormwater runoff. Urbanization of the catchment causes excessive flows after rain 
events and channeling of water courses. 

CASE STUDY

City of Melbourne  
WSUD Guidelines 
Applying the Model WSUD Guidelines

An Initiative of the Inner Melbourne Action Plan 
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The process for WSUD projects includes a triple bottom 
line evaluation, holistically examining WSUD opportunities 
for environmental, economic and social impacts. Greater 
Melbourne has a placed a cost of nitrogen pollution which 
is helping to drive stormwater quality improvement. This 
has been back up by state and local government land 
planning regulation requiring developments to meet best 
practice stormwater management. Targeting permeability 
and rainwater retention on private lots will also reduce 
runoff and mitigate flooding. 

City of Melbourne’s Municipal Integrated Water Plan 2017 
is the most recent in a suite of industry leading strategies 

and policies related to water management and liveability 
and include place based action to tackle the challenges 
of population growth and climate change. In managing 
WSUD intervention, Melbourne is heavily dependent on 
the MUSIC modelling software. As an aid to decision-mak-
ing, MUSIC – Model for Urban Stormwater Improvement 
Conceptualisation – predicts the performance of storm-
water quality management systems. It is intended to help 
organisations plan and design (at a conceptual level) 
appropriate urban stormwater management systems for 
their catchments.
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62% of respondent communities provide 
overall coordination and plan production for 
pollution prevention by a lead agency. 

57% also keep implementation of the pol-
lution prevention plan with the same lead 
agency. 

Rikers Island salt dome in New York City

Lead planning

Lead implementation

62%

57%

6.0 Municipal Facilities Pollution  
Prevention Programs
Municipal facilities and operations include areas designated for material storage, vehicle 
maintenance, hazardous material transfers, snow removal and fertilizer/herbicide application, 
that can result in runoff with elevated pollutant concentrations and quantities if exposed to 
stormwater. NPDES MS4 permits require a program to prevent and reduce stormwater pollu-
tion from municipal facilities and operations.

The NPDES MS4 permits prescribe the method that the 	
NPDES MS4 lead agency coordinates, assists, oversees, 
and/or enforces stormwater pollution prevention for the com-
munity’s municipal facilities and operations.

Some communities have elected for the lead stormwater 
agency to develop and/or implement the SWPPP for each 
of the municipal facilities. Other communities may defer the 
responsibility of SWPPP development, implementation, or 
both to the entity with operational control of the facility.

The advantage of the MS4 lead agency overseeing each 
municipal facility and operation SWPPP, is that the MS4 
lead agency can ensure consistency between each site. In 
addition, the MS4 lead agency may be more aware of the 
technical challenges associated with stormwater pollution 
prevention and therefore may be able to better develop and 
implement more effective stormwater pollution plans. 



79MUNICIPAL FACILITIES POLLUTION PREVENTION PROGRAMS

Municipal Facility Prioritization
Some communities have developed a prioritization ranking method to first address the municipal facilities/operations with the 
highest potential for impacting water quality. 

62% of the lead agencies prioritize facilities 
with a high potential for release of pollutants 
of concern so that they are addressed first. 

Municipal Operation Refinements
Communities assess their municipal operations in addition to the municipal facilities. The operations that are assessed 
include street sweeping, trash collection, roadway maintenance, snow removal, fertilizer/herbicide applications, and deicing. 
For example, an operation refinement could be the replacement of conventional deicing chemicals with agents that have less 
impact to water quality. 

86% of respondent communities have 
changed their operational methods to reduce 
stormwater pollution.

Regulations
40 CFR Part 122 – EPA Administered Permit Programs: National Pollutant Discharge Elimination System describes the six 
minimum control measures that small MS4 municipalities must implement and are commonly found in medium to large NP-
DES MS4 permits, including municipal operation pollution prevention and good housekeeping. 

Street sweeping operation

Prioritize  
high pollutant 

potential  
facilities

62%

Refined 
operational 
methods

86%

Snowplowing operation in Onondaga County, NY
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CASE STUDY
New York, New York
New York City’s SPDES MS4 permit requires that municipal facilities located within the MS4 area be as-
sessed for potential stormwater impacts and to implement BMPs to eliminate such potential impacts. 
As a part of this assessment, the permit requires New York City to consider incorporating runoff re-
duction techniques and green infrastructure during planned municipal upgrades, including municipal 
right-of-ways. 

During these assessments, DEP is identifing other green 
infrastructure retrofit opportunities that would not be 
part of a regularly planned municipal upgrade project. 
If additional retrofit opportunities are identified, DEP is 
committed to further evaluating feasibility and funding the 
design and construction of these practices. This includes 
collaborative efforts among city agencies to determine 
which projects are best suited to evaluate and implement 
green infrastructure opportunities. Considerations include 
what projects will qualify, if any exemptions are necessary, 
and how feasibility is assessed consistently across multi-
ple agencies. The criteria to determine feasibility of green 
infrastructure implementation may include the following: 

•	 Preliminary assessment of physical 
site conditions,

•	 Hydrogeological analysis, and

•	 Environmental analysis.

Physical site conditions determine specific site con-
straints, such as the presence of utility lines or adjacent 
structures that make the location unsuitable for green 
infrastructure. Hydrogeological analysis determine site 
suitability for green infrastructure per the New York State 
Stormwater Management Design Manual, including ele-
ments such as soil permeability and depth to groundwa-
ter. Environmental analysis reveals if implementing green 
infrastructure potentially exacerbates existing environ-

mental contamination conditions and if there are existing 
institutional or engineering controls. The final phase of 
evaluation determines if it is cost-effective to incorporate 
green infrastructure into the project; this last step takes 
into consideration overall project cost, such as design, 
construction, maintenance and operation. 

DOT yard on St. George in New York City, NY
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CASE STUDY
Fort Lauderdale, Florida
The City of Fort Lauderdale (Fort Lauderdale) is required to annually review and implement written 
procedures for inspection and implementation of measures to control discharges from municipal facili-
ties that are not otherwise covered by an NPDES Stormwater permit. These facilities include operating 
municipal landfills, municipal waste transfer stations, municipal waste fleet maintenance facilities, and 
any other municipal waste treatment, waste storage, and waste disposal facilities.  

Fort Lauderdale identifies necessary control measures 
and procedures for each facility through the use of 
annual site inspections. Site-specific monitoring is also 
performed, as needed. Fort Lauderdale also annually 
reviews and implements written procedures for the street 
sweeping program, road repair and maintenance pro-
gram, equipment yards and maintenance shops and litter 
control programs. 

In addition, Fort Lauderdale completes an annual review 
and implemention of written procedures for the street 
sweeping program for highways and streets, including 
right-of-ways, with curbs and gutters within the jurisdic-
tional area and proper disposal of collected material. The 
procedures include the criteria for determining which 
roadways will be swept and the frequency of sweeping 
and the method for quantifying and tracking the amount 
of material removed by the street sweepers. 

Fort Lauderdale documents the litter control program 
activities and identifies the equipment yards and mainte-
nance shops that support road maintenance activities to 
determine the necessary control measures and proce-
dures to be employed at each facility through annual 
site inspections. 

Small litter cleaning vehicle in Fort Lauderdale, FL
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15% of respondent communities perform in-
spection and enforcement of privately owned 
industries with municipal staff. Perform only inspection

Perform inspection 
and enforcement

15%

52%

Do not inspect or enforce
33%

Industrial Area of Los Angeles, California

7.0 Industrial and Commercial Stormwater 
Management Programs
NPDES MS4 permits require communities to coordinate with some of the heavy industrial 
and commercial properties that discharge to the MS4 system. The industrial and commercial 
properties have operations such as material storage, vehicle maintenance, and hazardous 
material transfers that can result in runoff with elevated pollutant concentrations and quantities 
if exposed to stormwater. 

In addition to the elevated pollutant concentrations, some of 
the pollution in industrial and commercial runoff can be tox-
ic. Reduction of the potential exposure of the industrial and 
commercial operation or capture/treatment of the runoff are 
effective methods for a community to protect and/or restore 
the health of the receiving waterbody. 

Many industries have applied for and received NPDES 
stormwater permit coverage either through an NPDES 
Individual Industrial Stormwater permit or a NPDES General 
Stormwater permit. The MS4 NPDES permit can request the 
municipality to be responsible for some or all the inspection 

and enforcement responsibilities of pollution prevention for 
privately-owned industrial facilities. Shared responsibility 
with the state or federal regulatory agency is also possible. 

A privately-owned industrial inspection and enforcement 
may be more effective if performed with local municipal 
resources. Refinements to local ordinances may be need-
ed. Staff resources required to perform the inspection and 
enforcement requires additional local investment. Some 
municipalities offset the inspection cost by charging a fee to 
each industry that is inspeted. 
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Private Industry Prioritization
Some communities have developed a prioritization ranking method to first address the commercial and industrial activities 
with the highest potential for impacting water quality. 

69% of the stormwater agencies prioritize 
potential high pollutant facilities so they are 
addressed first. 

Private Industry Monitoring
Some communities have chosen or are required to review all of the industrial facility monitoring data to ensure that the 
data is being properly collected. The monitoring data compilation ensures the data is combined with the overall munici-
pal monitoring program. The monitoring data compilation can also inform effectiveness assessment of the industrial and 
commercial program.

33% of respondent communities comple-
ment city-wide monitoring with industrial 
facility monitoring to track potential high 
pollutant sources. 

Regulations
40 CFR Part 122 – EPA Administered Permit Programs: National Pollutant Discharge Elimination System describes the six 
minimum control measures that small MS4s municipalities must implement and are commonly found in medium to large 
NPDES MS4 permits including the coordination of industrial stormwater permitting. The Industrial Stormwater permit coordi-
nation with the municipal system permittee is not a specific requirement of the six minimum control measures. 

Additional Industries
Each community’s industrial and commercial coordination program typically includes the industries that have been required 
to maintain an industrial NPDES permit based on the Standard Industrial Classification codes listed in the Federal Register. 
Some communities are required or have elected to expand the list of industries that are monitored because those addition-
al industries have been shown to be a significant pollutant source or have the potential to generate a pollutant of concern. 
Industries such as automotive centers, gas stations, or restaurants are three examples of industries that have been added. 

75% of respondent communities expand 
their industrial and commercial stormwater 
management program to include non-tradi-
tional industries, such as automotive centers, 
gas stations, and restaurants. 

Prioritize high 
pollutant potential 

facilities

69%

Review industrial 
monitoring data

33%

Include only NPDES industrial 
permit holders

Include non-traditional indus-
tries 

75%

25%
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CASE STUDY
Boston, Massachusetts
Boston Water and Sewer Commission (BWSC) is required by a Consent Decree to identify 
and inspect hazardous waste treatment, storage, disposal, and recovery facilities. The list 
includes facilities that are subject to Emergency Planning and Community Right-to-Know Act 
(EPCRA) Title III, Section 313; facilities that hold, or are required to hold NPDES stormwater 
permits; and other industrial or commercial dischargers BWSC determines are contributing a 
substantial pollutant loading.The requirement is that 90% of the industrial facilities are inspect-
ed every two years. 

BWSC started the program by developing a database of 
all the industrial sites that should be included by purchas-
ing a database that listed all industries in Boston based 
on Standard Industrial Classification (SIC) code. The 
original database included 1760 businesses which was 
reduced to 279 industrial facilities based on initial screen-
ing. After the initial database was created, every site was 
visited within a two-year period. 

The standard procedures for inspections requires that 
property owners be notified prior to site inspections with 
a Facility Inspection Notification Letter at least two weeks 
prior to the start of the site inspection. Inspections are 
paid for by an inspection fee that is charged by BWSC to 
the business or property owner. BWSC used consultants 
to do the initial set of inspections that were completed 
using an iPad data collection application. All current 
inspections are done in-house by BWSC. 

Inspections include an on-site records review, a physical 
walkthrough of the facility, and a wrap-up meeting for final 
questions and to discuss preliminary findings. Sampling 
can also be required on an as-needed basis. All field 
inspectors go through a training program within the first 
30 days of commencing their employment or assignment 
to perform inspections. Refresher courses occur for all 
inspector personnel on an annual basis.  

If businesses are not compliant, BWSC informs the 
business of non-compliance and communicates what 
actions are needed to correct the violation. If a Notice of 
Violation is issued, it is done so in the form of a written 
violation with a deadline for correction of the violation(s). 
If the deadline for correction is not met, then BWSC has 
the authority to issues fines, from $1000 to $5000 per day, 
depending on the violation, and may take other steps 
reasonable and necessary to ensure compliance, includ-
ing issuance of a cease and desist order, notification of 
appropriate regulators (MassDEP, EPA) and revocation of 
necessary permits and approvals. 

MBTA garage 
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CASE STUDY
Indianapolis, Indiana
The City of Indianapolis (Indianapolis) and Marion County NPDES MS4 Permit requires India-
napolis to identify, monitor, and control pollutants in stormwater discharges from restaurants, 
municipal landfills, hazardous waste treatment, storage, disposal and recovery facilities, 
industrial facilities subject to Superfund Amendments and Reauthoritzation Act (SARA) Title 
III, industrial facilities subject to the NPDES industrial permit, and industrial facilities the City 
determines to contribute substantial pollution. The program is required to include identifica-
tion of sources, maintenance of an inventory/database of sources, inspections of sources 
at least once during the five-year permit term, annual inspections of ten automobile service 
facilities and annual inspections of ten retail gasoline stations, and support from the State with 
enforcement actions. 

The City’s Restaurant Inspection Program includes 1,421 
restaurant facilities located in the separate sewer areas 
of Indianapolis and Marion County MS4. The inspec-
tions assess the frequency of trash, vehicle residue, and 
grease with the potential to impact stormwater. The as-
sessment focuses on the parking lot, trash dumpster, and 
grease dumpster of a restaurant. All restaurant facilities 
are inspected at least once every permit term. 

The City inspected 27 automobile service facilities and 27 
retail gasoline outlets in 2005, as part of the second per-
mit term requirements, to determine if the facilities were a 
significant source of pollutants to the separate stormwater 
system. The results of the inspections did not indicate that 
automobile service facilities or retail gasoline outlets are 
significant pollutant sources. The issues found included 
overall cleanliness of the facilities, unlabeled storm drain 
inlets, and maintenance of the storm drain inlets. As a re-
sult, the City implemented a comprehensive outreach and 
education program regarding stormwater pollution. 

The on-going effect is the annual inspection of 10 
automobile service facilities and 10 retail gasoline outlets 
to further examine possible implications to the separate 
stormwater system.

Automotive shop with spills
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76% of respondent communities implement 
a floatable and street litter reduction pro-
gram. Of these programs, 68% are voluntary 
and only use traditional strategies such as 
street sweeping and public education. 

Skimmer boat in New York City, NY

Have a floatable 
reduction 
program

76%

Implement floatable re-
duction programs to meet 
regulatory requirements 

�Implement floatable 
reduction programs 
voluntarily

32%

68%

8.0 Floatables and Street Litter 
Reduction Programs 
Refuse such as yard waste, plastic, paper, metal, glass, styrofoam containers, and plastic 
bags, also known generally as floatables, are abundant in urban settings. These items, if 
improperly discarded, often end up in local receiving waterbodies by way of stormwater 
flows. A floatables control program reduces trash that is washed by stormwater into the 
receiving waterbodies. 

Not only do floatables create negative visual consequences 
in receiving waterbodies, but they often impact stream and 
shore vegetation by choking access to sunlight and water, 
and endanger wildlife through entanglement or ingestion. 
Some floatable materials are slow to decompose and may 
remain in the receiving waterbodies for years. 

A multi-faceted floatable reduction program is typically 
required to reduce trash load. The multi-faceted program 

starts with public education and involvement efforts such as 
catch basin stenciling, stream clean-ups, additional trash 
cans, and anti-litter campaigns. The public education efforts 
are complemented with source reduction, structural control, 
and operational changes such as targeted street sweeping, 
plastic bag/styrofoam regulations, trash screens and/or 
catch basin inserts.
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57% of the programs responding to regulato-
ry requirements also have a floatables TMDL.

Floatable Reduction Strategies
Reduction strategies that are effective for one community may not be as effective for another community. Each community selects 
and implements options from a menu of reduction strategies that are appropriate and effective for community specific conditions.

70% of respondent communities implement structural controls for floatable reduction. 

Trash net in Jamaica Bay in New York City, NY

Respond to other regulatroy 
requirements

Respond to a floatables TMDL
57%

43%
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Bag Tax and Styrofoam Laws

Public Education

Focused Street Sweeping

Non-Structural Controls Structural Controls Source Reduction Controls

Volunteers

Catch Basin Inserts or Hoods

Netting or Litter Traps

Skimmer Boats

Floatables Program Drivers
Communities implement floatable programs for different reasons. Some communities implement a floatable program due en-
tirely to citizen feedback and on a volunteer basis. Some communities implement their program pursuant to an NPDES MS4 
permit requirement to reduce floatables to the “maximum extent practicable”. Some communities are required to comply with 
specific floatable reductions in response to total maximum daily load regulatory requirements. 



92 STORMWATER MANAGEMENT 

Floatables Hotspot Identification
Identification of areas or land uses that are large floatable 
contributors help focus and prioritize the floatable reduc-
tion efforts. 

47% of respondent communities have pro-
grams that prioritize areas of the city to focus 
floatable reduction efforts. 

Regulations
40 CFR Part 122 – EPA Administered Permit Programs: National Pollutant Discharge Elimination System describes the six 
minimum control measures that small MS4s must implement and are commonly found in medium to large NPDES MS4 per-
mits. Floatables control is not a specific requirement of the six minimum control measures, but benefits from some of the six 
minimum control activities.

Floatable Program Effectiveness Assessment
Self-assessment can help the community refine its floatable program. Metrics assessed include floatable monitoring results, 
floatable load assessments, and pounds removed. An adaptive or re-focused effort to achieve program goals is the result. 

53% of respondent communities have per-
formed self-assessments of the floatables 
reduction program to refine the program.

Floatable Monitoring
Floatables monitoring programs may be more qualitative or quantitative. The quantitative programs may focus on determin-
ing the type of materials and relative contributions from different land uses. The monitoring program results provide data that 
can help each community focus and tailor its floatable reduction programs to increase the cost-effectiveness of the floatable 
reduction efforts. 

68% of respondent communities monitor 
their floatables for source identification and 
program effectiveness. 

New Orleans French Quarter, Louisiana

Monitor float-
ables

68%

Implement a consistent communi-
ty-wide floatable reduction program

Prioritize hotspot areas for float-
able reduction

47%

53%

Refine float-
ables programs

53%
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CASE STUDY
New York, New York
Past studies have indicated that street litter from pedestrians is responsible for most of the floating 
trash and debris found in New York City’s waterways. While the City has worked to reduce the preva-
lence of floating trash and debris using controls like street sweeping and catch basin hoods, several 
local waterways still remain classified as impaired by floatables. Understanding that New Yorkers can 
play an important role in reaching the litter standard of “none in any amount,” the City is attempting to 
raise public awareness and change behavior.

The City has been communicating this issue to the public 
since the early 1990s, through the Clean Streets = Clean 
Beaches campaign, which aims to improve the cleanli-
ness of local beaches and waterways by reducing litter. 
This campaign features beach clean-up events and 
posters on sanitation trucks with the goal of highlighting 
the connection between litter and water quality.

More recently, the City has sought to expand efforts to 
change the behaviors of New Yorkers. In 2015 the City 
launched the B.Y.O. Campaign. Shorthand for “bring 
your own”, the B.Y.O. Campaign encourages New York-
ers to live a less disposable lifestyle by using reusable 
bags, mugs, and bottles. This helps reduce waste before 
it can become litter. B.Y.O. targets New Yorkers citywide 
and uses bus, subway, and digital ads to reach New 
Yorkers both when they are home and out-and-about. 
New Yorkers who take the B.Y.O. Pledge are rewarded 
with a reusable bag, mug, or bottle to help them fulfill 
their commitment.

In May 2017, the City piloted a new campaign designed 
to highlight the impact of litter on local waterways and 
wildlife. In partnership with the Wildlife Conservation Soci-
ety and centered around the New York Aquarium in Coney 
Island, this campaign aimed to reduce littering behavior 
by illustrating the wildlife hurt by litter and asking New 
Yorkers to put their trash in the can. Paid media around 
the Aquarium reminded New Yorkers that their actions 
matter as they are outside enjoying the warmer months.
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CASE STUDY
Los Angeles, California
The City of Los Angeles is required to comply with Trash TMDLs for the Los Angeles River, Ballona 
Creek, and Machado Lake. The requirements for these waters include a regular reduction of trash per 
year so that 100 percent reduction is achieved over a 10-year period. For the Ballona Creek Trash 
TMDL, the City successfully met the first compliance milestone established for September 2006 by 
achieving a 20 percent trash reduction.

Los Angeles has studied how trash is generated within 
the City based on the amount of trash retrieved by the 
crews that clean the catch basins. The study’s results 
were based on data from 1999 to 2004 and are expressed 
as annual generation rates (cf/ac-yr). Data indicates that 
the central part of Los Angeles contributes dispropor-
tionately more trash per unit area. The central part of Los 
Angeles is characterized with higher population density, 
has more commercial and industrial areas, and has more 
pedestrian traffic than other areas of the City. This central 
part has already been targeted for priority installation 
of screens and inserts at catch basins to reduce trash 
from discharging into the Los Angeles River and Ballona 
Creek. Catch basins in the “medium” trash generation ar-
eas will be retrofitted with screen covers on the openings 
during the next few years.

Los Angeles developed a compliance strategy for the 
trash TMDL utilizing a two-pronged approach to protect 
the beneficial uses of the City’s receiving waterbodies: 

1.	 Implementation of institutional type controls (i.e., pub-
lic education, street sweeping, enforcement, etc.)

2.	 Installation of structural trash control devices (i.e., 
catch basin inserts, catch basin opening screen cov-
ers, netting systems, hydrodynamic devices, etc.)

Over 7,400 catch basins have been retrofitted with catch 
basins inserts (August 2007 count) and over 14,300 catch 
basins have been retrofitted with screen covers (October 
2007 count). 

Los Angeles has also implemented programs to recycle 
plastic bags and polystyrene containers. Los Angeles is 
also working to reduce the use of styrofoam and other 
non-degradable products to support compliance with 
trash TMDLs.

Flow-activated catch basin cover in Los Angeles, CA
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CASE STUDY
Baltimore County and City, Maryland
In January 2015, the EPA approved the trash TMDL for Baltimore Harbor. Baltimore County’s and the 
City of Baltimore’s NPDES permits require a floatable reduction effort including an inventory of existing 
trash reduction programs, implementation of a trash reduction education program, annual program 
effectiveness assessment, and implementation of programs required by the Harbor trash TMDL within 
one year. 

In 2010, the Waterfront Partnership of Baltimore unveiled 
a Healthy Harbor Initiative (HHI) with a goal of making 
the harbor swimmable and fishable by 2020. The HHI led 
a group including Baltimore City, Baltimore County, and 
Blue Water Baltimore to develop the Healthy Harbor Plan. 
The HHI also convenes a Trash Work Group to address 
harbor and neighborhood trash problems and clean-up 
efforts. The Healthy Harbor Plan includes a number of 
strategies for reducing polluted stormwater that are simi-
lar to MS4 requirements. 

Baltimore County developed a Trash TMDL Implemen-
tation Plan to outline how the County plans to meet the 
Trash TMDL requirements. The TMDL Implementation 
Plan was completed in January 2016, with the goal of 
meeting the reduction requirements by 2036. To target 
areas of high trash accumulation, an upland trash assess-
ment monitoring plan was developed. 

The Trash Reduction implementation plan is a two phase 
plan. The first phase of the plan is to focus on education 
and outreach, and incentives/enforcement actions. An 
evaluation of Phase I success will be performed after ten 
years. At this time, the County will determine if the con-
tingent Phase II is necessary or if the reductions can be 
reached with Phase I actions. Phase II is the implementa-
tion of trash trapping devices.

In 2015, the City of Baltimore installed approximately 
760 storm drain inlet screens and inserts to trap trash 
for storm events of smaller than one-inch rain. Additional 
neighborhoods will be added to the inlet screen/insert 

program based on the results of the 2015 effort. Addi-
tionally, over the next four years the City plans to install 
several large-scale trash interceptors. In April 2014, the 
City launched a citywide mechanical street sweeping 
program, covering neighborhoods which previously had 
no service or scattered, inefficient service. During the 
initial six months, the program removed nearly 1,600 tons 
of trash and debris.

To assist in collection of litter and debris flowing down the 
Jones Falls River into the Baltimore Harbor, the City and 
the Waterfront Partnership of Baltimore use the Inner Har-
bor Water Wheel. The water wheel uses the river’s current 
to provide power to lift trash and debris from the water 
and collect it into a dumpster barge. The trash wheel 
contributes to public outreach efforts through the use of 
social media.

The Inner Harbor Water Wheel in Baltimore Harbor
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100% of respondent communities implement 
a structural stormwater management pro-
gram. Of these, 94% use a combination of 
green and gray solutions.

Hope Gardens bioretention in New York City, NY							     

Implement green 
and gray solutions

Implement only gray 
solutions

100%

94%

6%

Implement 
structural con-

trols

9.0 Structural Stormwater Controls
Structural stormwater controls are features such as detention basins, culverts, pipes, and 
streams that help the stormwater system function properly by providing conveyance, peak 
control, volume control, or water quality treatment. A structural stormwater control program 
either retrofits existing stormwater management features to enhance the existing feature or 
installs new stormwater management features. An effective structural stormwater control pro-
gram helps reduce flood damage and restore the water quality of the waterbody. 

Historically, the majority of projects constructed were gray 
infrastructure but green infrastructure projects are becom-
ing more prevalent. Prior to the NPDES MS4 stormwater 
regulations, communities focused most of their efforts on 
projects that reduce flood damage. Many communities’ 
focus changed after the NPDES MS4 stormwater regula-
tions were implemented and now include considerations of 
water quality treatment. Subsequent NPDES permits and 
other regulatory initiatives have generally led to additional 
increases in water quality treatment goals.  

The six minimum control measures listed in the NPDES MS4 
permits typically do not require the construction of a storm-

water feature and therefore, consider non-structural compo-
nents. A public agency may complement the six minimum 
control measures with structural retrofits that enhance the 
water quality capabilities of existing flood control features. 
The structural retrofit approach is a cost-effective method to 
reduce urban watershed impacts. Newly installed structural 
stormwater controls can provide water quality improve-
ments and be cost-effective, if the features are properly 
sited, designed, and maintained. All of these installations or 
retrofits are in addition to the structural control installations 
performed by the development community in response to 
the post-construction ordinance (Chapter 5.2).
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50% of respondent communities implement 
structural control programs on the entire sys-
tem (public and private property). 

Some communities take the approach that only storm 
drainage systems that are located in public right-of-way or 
on public property are the jurisdiction’s responsibility. Other 
communities take a holistic approach that the entire drain-
age system is public responsibility and therefore, projects 
are constructed and maintained on both private and public 
properties.The holistic approach provides an advantage 
that drainage system improvements are performed compre-
hensively and therefore may be more effective. However, 

the holistic approach requires construction, inspection, and 
maintenance be performed on private property. Authority 
for the stormwater agency to enter the private property for 
these activities may require an instrument such as a right-
of-access, easement, or even property purchase. Project 
implementation may be longer and require additional 
investment because of the negotiation with citizens to enter 
their property.

Extent of Service (Public versus Private Property)

Implement structural controls on 
public property only

Implement structural controls 
on the entire system (public and 
private property)

50%

50%

Osborne green and blue roof in New York City, NYStructural control of stormwater flow in the Staten Island Bluebelt in 
New York City, NY

Structural Program Drivers
Structural control program goals include many elements, including service requests, flood damage, system condition / asset 
management, watershed restoration goals, and regulatory requirements. All of the communities respond to multiple drivers 
when implementing their structural control programs.

Structural Program Implementation
Structural control program policies to effectively address watershed goals are needed. Some communities have numerous 
and diverse watershed goals and therefore implement structural control program policies to best meet those goals.
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Private Property Maintenance Responsibility

For implementation on private property, 88% 
of respondent communities require the pri-
vate property owner to maintain the facility. 

Regulations
40 CFR Part 122 – EPA Administered Permit Programs: National Pollutant Discharge Elimination System describes the six 
minimum control measures that small MS4s must implement and are commonly found in medium and large NPDES MS4 
permits, including structural stormwater controls. Permit requirements include a description of structural stromwater controls 
including operation and maintenance, a consideration of structural controls for post-construction management and pollution 
prevention/ good housekeeping for municipal operations. 

For implementation on public property, 45% 
of respondent communities require the public 
agency responsible for the installation site to 
maintain the facility. Maintenance responsibility 

is lead stormwater agency

Maintenance assignee is agency 
the that owns the property

45%

55%

Maintenance responsibility 
varies depending on specific 
agreements

Maintenance assignee 
is property owner

88%

12%

Staten Island Bluebelt in construction in New York City

Public Property Maintenance Responsibility

Communities may assign the maintenance responsibility to the agency on which the structural control is installed. 
For publicly-funded projects, the maintenance assignee may include the lead agency that oversees the stormwater program, 
or municipal agencies, such as the Department of Transportation and Parks and Recreation.  
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CASE STUDY
Seattle, Washington
The City of Seattle, in response to its NPDES MS4 Permit, was required to set up a program for struc-
tural source controls and develop a plan to prioritize implementation and measure progress with 
effective metrics. The Structural Stormwater Control Program (SSCP) develops and prioritizes structur-
al projects using assessments of receiving waterbody conditions, anticipated benefits of the project, 
regulatory compliance needs, and asset management principles. 

Most of the structural stormwater control projects listed 
in the 2014 NPDES Stormwater Management Plan are 
new treatment facilities. The total cost estimate of these 
facilities is approximately $48 million. As part of the Plan, 
the City of Seattle identified 10 stormwater projects as 
candidates to treat stormwater and CSO pollution. The 
candidate structural stormwater projects include bio-
retention facilities, biofiltration swales, cartridge media 
filters, active treatment through chitosan-enhanced sand 
filtration, and street sweeping and are planned to treat 
one or multiple receiving waterbodies. The expected cost 
of system-wide structural controls in the combined sewer 
areas required to comply with state standards for overflow 
per outfall was $500 millionas prioritized in the SSCP. The 
City has completed three structural control projects in 
the separate sewer areas for a total of $100 million. The 
projects include active stormwater treatment processes to 
mitigate flooding, a more robust street sweeping program, 
and infiltration and natural drainage swales.

Stormwater structural control in Seattle, WA
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CASE STUDY
New York, New York
Staten Island boasts the last major stands of freshwater wetlands in New York City and, before the 
Staten Island Bluebelts were created, was the last large section of New York City lacking sanitary 
and storm sewerage infrastructure. The Staten Island Bluebelt program is an ecologically sound and 
cost-effective stormwater management solution to provide drainage infrastructure to mitigate flood-
ing issues for approximately one third of Staten Island’s land area. The program preserves natural 
drainage corridors, called Bluebelts, including streams, ponds, and other wetland areas. Preservation 
of these wetland systems allows them to perform their functions of conveying, storing, and filtering 
stormwater. In addition, the Bluebelts provide important community open spaces and diverse wildlife 
habitats. Not only does the Bluebelt program provide sustainable and ecologically friendly drainage 
solutions, it is also more economical, saving tens of millions of dollars in infrastructure costs when 
compared to providing conventional storm sewers for the same land area. This program demonstrates 
how wetland preservation can be economically prudent and environmentally responsible.

Rendering for a typical stone-faced headwall used throughout the Staten Island Bluebelt in New York City, NY
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The New York City Department of Environmental Protec-
tion (NYCDEP) has completed new drainage plans for 
19 watersheds. These plans connect conventional storm 
sewers in the streets with the natural drainage corri-
dors for an integrated stormwater management system. 
Stormwater best management practices (BMPs) such as 
constructed wetlands, outlet stilling basins and stream 
restorations are located at these connections, providing 
water quality treatment and in some cases, extended de-
tention to reduce erosive forces on downstream corridors 
due to urbanization of the upstream areas. Water quality 
improvements are achieved through a number of mech-
anisms: outlet stilling basins and sediment forebays cap-
ture sediment conveyed from the streets into the BMPs, 
removing the materials that often contain pollutants from 
downstream waters and eventually the Atlantic Ocean; 
vegetation is selected to provide nutrient uptake from 
nutrient laden stormwater runoff, helping to protect down-
stream waters from algal blooms; and extended detention 
within some of the BMPs slows down the runoff, helping 

to reduce erosive velocities in downstream drainage corri-
dors, as well as providing additional opportunities for sed-
iments to deposit in the BMPs rather than downstream.

To date, 62 BMPs have been constructed out of a total of 
124 planned BMPs, which are part of a capital program 
that extends to 2043. Many of the BMPs are constructed 
on New York City and State parkland, and other City-
owned properties, but a large scale negotiated acqui-
sition program of wetland properties has served as the 
backbone of the program. 

Due to the success of the Bluebelt system in Southern 
Staten Island, the Bluebelt program expanded to the 
Mid-Islands area, where there are more unique challeng-
es such as a combination of very steep topography at the 
upstream reaches, and very flat topography at the down-
stream ends, very low lying existing streets and homes, 
and significant tidal influence on the functionality of the 
drainage systems during high tide. The first capital proj-
ect in this area is anticipated for completion in fall of 2017. 

Natural habitat creation around structural stormwater controls Rough bottom culverts were used to maintain fish passage

Removal Efficiencies – Blue Heron Watershed

Nutrients Organics  
and Bacterial

Overall Dry Wet

TKN Nitrate Total Phosphate TOC Total Coliform Fecal Coliform

25%

45%
40%

30% 27%

58%

36%

18%

38%

73%

98%

70%
77%

90%

76%

88%

17%
26%



104



Stormwater Monitoring10



106 STORMWATER MANAGEMENT 

100% of respondent communities implement 
stormwater monitoring or are part of a regional 
stormwater monitoring effort. 

Sampling during a wet weather event in Queens, NY for the CSO LTCP Program 				            

Participate 
or implement 
stormwater 
monitoring

100%

10.0 Stormwater Monitoring
A successful stormwater monitoring program helps understand stormwater pollution, constit-
uents, concentrations, and particle size, based local conditions and increases the potential 
for management treatment effectiveness. A successful stormwater monitoring program helps 
determine BMP effectiveness and steers BMP refinements to ensure the receiving waterbody 
quality goal is achieved.

Pollutants originate from many diverse sources and exhibit 
diverse features such as concentration and size contstitu-
ents. Source pollutants can also originate from non-storm-
water systems (leaking sanitary sewer systems, basement 
drains, etc.) or human activities (car washing, used oil 
disposal, etc.). Receiving waterbody impacts from stormwa-
ter pollution can be acute and due to high pollutant concen-
trations from intense storm events, or chronic and due to 
sustained pollutant loads. 

For example, pollutants can originate from particulate 
wash-off during a storm event. Pollutant concentrations 
associated with the wash-off vary significantly based on 
many parameters including duration from the previous storm 
event, amount of particulate build up, storm event intensity 
and duration, population density, and land use. The vari-
ability is further amplified because particulates may come 
from vehicles, pavement materials, and waste. Not only are 

pollution sources diverse, the concentration, particle size, 
constituents, and dilution varies widely. 

Most NPDES MS4 regulatory requirements define compli-
ance as “maximum extent practicable”. Implementation of 
the maximum extent practible standard typically requires the 
development and implementation of BMPs and the achieve-
ment of measurable goals to satisfy each of the six minimum 
control measures. Some NPDES MS4 compliance require-
ments direct that the six minimum control measures are 
assessed during the permit term to ensure that permit com-
pliance and the desired improved water quality improve-
ment is achieved. A comprehensive monitoring program 
that considers local conditions is needed and important for 
NDPES MS4 implementation. Each community’s stormwater 
monitoring program is developed so that specific communi-
ty conditions are considered.  
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Stormwater Monitoring and Assessment Program

Land Use / Wet-Weather Monitoring

The land use sampling program typically collects runoff 
in response to a standard storm event (e.g. storm event 
greater than 0.5 inches after 3 dry days). A typical sample 
collects the first flush (first 30 minutes) and a composite 
sample throughout the storm event duration. The first gener-
ation of NPDES MS4 permits included land use monitoring 
requirements for relatively small contributing drainage areas 
with homogeneous land use. The sampling results were 
primarily used to understand land use specific pollution 

sources based on local conditions. Later generations of 
the NPDES MS4 permits focused the land use sampling 
program less on the small contributing drainage areas with 
homogeneous land use and more on larger drainage areas. 
The results were used to identify trends associated with 
storm event runoff. Key parameters assessed by the com-
munity to develop the land use sampling program include 
number of sampling locations, frequency of sampling, and 
sampling methods. 

44% of respondent communities implement 
land use monitoring. The average number of 
monitoring sites is 5 and the average fre-
quency of monitoring is 7 times annually.

Perform land  
use monitoring

44%

Wet weather sampling for pollutant loadings and bacteria growth testing Wet weather sampling at outfalls
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In-stream Monitoring

In-stream sampling programs may collect stream flow sam-
ples during ambient flow condition or and wet weather, typi-
cally using automated systems. Sample frequency can vary 
from a relatively frequent sampling period (15 minutes) to a 
relatively infrequent sampling period (weekly or monthly). 

In-stream sampling can be used for two purposes. First, 
in-stream sampling can help understand the health of the 
receiving stream, to possibly refine the water quality initia-
tives and more effectively achieve water quality goals. The 
results, if collected with the appropriate sampling protocols, 
can supplement regulatory agency data and be used to 

support regulatory initatives such as 303(d) listing and 
TMDL compliance. Second, an in-stream sampling program 
can also help respond to spills or locate illicit discharges 
when high pollutant loads are detected. 

Selection of the number and frequency of in-stream samples 
balances sampling collection and laboratory costs with the 
need for the results to identify spills/illicit discharges and 
understand the receiving stream health.

80% of the communities implement in-
stream monitoring. The average number of 
monitoring sites is 30 and the average fre-
quency of monitoring is 8 times annually. 

Perform in-stream  
monitoring

80%

Regulations
The regulation that outlines the required NPDES MS4 monitoring is 40 CFR Part 122 – EPA Administered Permit Programs: 
National Pollutant Discharge Eliminated System. 

In-stream monitoring assessments In-stream monitoring stream quality assessment worksheet
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CASE STUDY
Fairfax County, Virginia
As part of Fairfax County’s NPDES MS4 Permit, the County is required to implement a dry weather 
screening program, a wet weather screening program, a biological stream monitoring program, an 
in-stream monitoring program, and a floatables monitoring program. The County is also required to 
coordinate the USGS monitoring program. 

The dry weather screening program requirements include 
monitoring areas of concern (such as commercial car wash-
es, car dealerships, pet kennels, restaurants, areas with his-
tory of complaints, areas upstream of sensitive ecosystems) 
and screening at least 100 outfalls each year. The biological 
stream monitoring program requirements include collect-
ing samples twice annually, once between January 1st 
and June 30th, and once between July 1st and December 
31st, at five stream sites within the County. The in-stream 
monitoring program is also required at five sites within the 
county, but the sampling is required once every two months 
between January 1st and December 31st. The floatables 
monitoring program is required at five monitoring sites at 
MS4 outfalls and/or streams receiving MS4 discharges once 
per quarter and includes counting floatables visually ob-
served and length or area of the sites assessed. The USGS 
program includes monitoring five sites of continuous TMDL, 
water quality, and water quantity monitoring. 

Fairfax County’s monitoring program assess the following: 
benthic communities, bacteria, pH, conductivity, and fish. 
Previously, 102 outfalls, 70 benthic monitoring locations, 23 
fish containment monitoring locations, 176 bacteria monitor-
ing locations, and 120 stream flow monitoring locations were 
screened. For the USGS monitoring program, 15 sites were 
monitored in addition to the original five to provide compar-
ison for the five continuous monitoring sites. None of the 
additional 15 sites are outfalls. Fairfax also has a hot spot 
identification program.

Volunteers performing stream sampling in Fairfax County, VA

Great Falls National Park 
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All of the communities that have substantial 
budgets for stormwater management are pri-
marily funded through water and sewer fees, 
stormwater fees, and/or general funds.

Funding Sources and Budget

Historically, the majority of communities funded operation of 
the stormwater system through the general fund (typically 
from property taxes) or the sewer utility. Most stormwater 
programs competed with other community programs such 
as police, fire, transportation, schools, etc. for general fund 
allocations because those programs were more visible to 
the customers/citizens. Stormwater systems were typi-
cally underground, not visible to the community, and only 
received attention when the system failed. Therefore, many 
stormwater program initiatives were a high priority only 
when the deficiencies were visible to the community such 

as after a large flood event or major infrastructure disaster. 
As a result, many stormwater programs were under-funded, 
and experienced funding levels that varied significantly from 
year to year.

A dedicated and steady funding source ensures that the 
community balances its interest in the stormwater manage-
ment program with other community facilities and utilities 
programs such as streets, water/sewer, police, etc. Setting 
the annual funding levels so that the short- and long-term 
stormwater management program needs are addressed is 
critical to success of the program.

Fees

General fund

Other sources

76%
36%

15%

Private property has an impact on stormwater management and the associated impact to water quality. Stormwater fees are one potential 
source of funding to connect private property and fund community programs to mitigate negative impacts from stormwater runoff

11.0 Funding Sources and  
Financial Incentive Programs
Funds needed to maintain a stormwater system are substantial, and capital improvements 
increase the required funding levels. Furthermore, NPDES MS4 regulations add compliance 
goals that also increase the needed funds. Communities are considering additional invest-
ments to implement comprehensive stormwater management programs. 

Common funding mechanisms used are stormwater utility 
fees, water/sewer fees, general funds, grant funds, and 
municipal bonds. The most successfully comprehensive 
stormwater programs are typically funded using “dedicated” 
funds that are provided at a “steady” level. Funds that are 
“dedicated” and “steady” allow the stormwater manager to 
plan and implement stormwater projects and programs that 
have typical durations longer than one year. 

Water/sewer fees generate revenue based on each custom-
er’s use of the potable water and sewer system and typically 
are “dedicated” and “steady”. A stormwater utility is a “dedi-
cated” and “steady” fee, and is therefore a common funding 
source for many established stormwater programs.
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66% of respondent communities use
an impervious-based stormwater utility.

Stormwater Fee Basis

The concept of a stormwater utility is that each customer pays a fee based on the property’s impact on the stormwater sys-
tem. An undeveloped lot is typically not charged a stormwater fee. Factors that increase runoff and thereby the need for a 
storm drainage system include imperviousness, land use, soil type, land slope, zoning, and building type. 

Average Monthly Residential Stormwater Fee

For residential property, stormwater fees are typically flat rate based on the impervious surface area, commonly using a 
single unit produced by the utility for the purpose of measuring fees, known as an equivalent residential unit. Residential 
stormwater fees can also be distributed in several tiers to increase the accuracy of the fee charged to the impact of the prop-
erty without a substantial increase in the administrative effort. Monthly rates are determined based on two factors: needed 
stormwater investment and community’s desire to address that needed investment. 

The average monthly residential stormwater 
fee is $8.79 for the communities that utilize a 
stormwater fee.

Annual Budget Per Capita

Annual budgets reflect the community’s need and commitment to support the stormwater program. Some communities are 
large and/or have a significant backlog of projects and therefore have allocated relatively large budgets. Communities that 
are smaller or without a significant backlog allocate smaller budgets. 

The average annual stormwater budget per 
person is $43.32 for the communities with a 
dedicated funding source. 

Budget 

 22%  22%

6%

 50%
 Budget distribution 

< $10
Budget distribution 

$10 < $50
Budget distribution 

$50 < $100

Budget distribution 
> $100

Fee 

44%  31%

6%

19%
Fee distribution 

from $2 < $5
Fee distribution 

from $5 < $8

Fee distribution 
from $8 < $11

Fee distribution 
from > $11

Regulations
The regulation that outlines the required NPDES MS4 fiscal resources is 40 CFR Part 122 – EPA Administered Permit Pro-
grams: National Pollutant Discharge Eliminated System. 

Flat rate utility

Impervious-based  
stormwater utility

Development intensity-based 
stormwater utility

66%

6%

28%
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Washington, DC Stormwater Retention Credits (SRC) and RiverSmart Rewards (RSR) comparison

Financial Incentive Programs
Many communities implement financial incentive programs such as fee credits or grants to reward citizen actions that reduce 
stormwater impact to the drainage system and therefore reduce the needed public investment.

Stormwater Fee Credit Program

A fee credit or incentive program is used by communities 
to meet the basic utility tenet so customers can control their 
use of the stormwater system. A fee credit system increases 
awareness of stormwater infrastructure. The credit system 
typically requires the customer to install and maintain a 
stormwater control feature (rain garden, cistern, deten-

tion basin, etc.) that reduces the property’s generation of 
stormwater and/or impact to the stormwater system. The 
fee credit system is typically developed so that a feature’s 
ability to reduce the stormwater impact is proportional to the 
fee credit.

62% of the respondent communities with 
stormwater fees offer a stormwater fee credit 
program. The average maximum fee credit 
available is 70% of the stormwater fee. 

Offer a 
fee credit 
program

62%

50%
45%

41%

Off-Site Mitigation and Fee-In-Lieu Of Programs

Development diversity influences the ease at which a 
project can comply with the post-construction stormwater 
ordinance. Ultra-urban areas with only opportunities for 
re-development projects contain sites where installation of 
structural BMP installation may be challenging. Mitigation 
and fee-in-lieu programs provide the owner flexibility to 

deal with challenging site conditions by installing structural 
controls off-site or paying into a fund for structural control 
installation in other areas. Some communities support miti-
gation banks that are funded by private organizations. The 
privately-funded mitigation bank constructs and maintains 
BMPs and sells the credits to developers.

Over 64% of respondent communities con-
sider alternatives for post-construction 
stormwater management. The alternatives 
include off-site mitigation, mitigation banks, 
and fee-in-lieu-of programs.

Type of Activity

Retention Volume Eligibility Comparison

Off-Site mitigation

Mitigation banks

Fee-in-lieu-of
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Green Infrastructure Grant Program

Some communities utilize financial incentive programs and 
grant programs to motivate customers to install green infra-
structure on their private property. These programs allow for 
utilities to provide financial assistance for the implementa-
tion of these practices and encourages private 

property owners to implement larger facilities that provide 
more benefit for the overall system. Typical grant programs 
are used to encourage the implementation of green solu-
tions with multiple co-benefits as opposed to standard gray 
solutions such as detention basins. 

65% of respondent communities offer 
a green infrastructure grant program. Offer a green  

grant program

65%

The Brooklyn Navy Yard was the recepient of a green infrastructure grant to build its green roof

January 2017

Urban Watershed 
Management Program
San Francisco Public Utilities Commission

Alice Fong Yu Elementary 

Alvarado Elementary 

Cesar Chavez Elementary 

Claire Lilienthal Elementary 

Clarendon Elementary 

Commodore Sloat Elementary

Daniel Webster Elementary 

Downtown High School

ER Taylow Elementary 

George Washington High

Gordon Lau Elementary 

Harvey Milk Elementary 

Independence High

James Denman Middle

Jefferson Elementary 

Jose Ortega Elementary 

John Muir Elementary

Lafayette Elementary 

Lakeshore Elementary

Leonard Flynn Elementary 

Longfellow Elementary  

Mckinley Elementary 

Miraloma Elementary 

Mission High School

New Traditions Elementary 

Paul Revere Elementary

Rosa Parks Elementary

SF Community School

Starr King Elementary 

Stevenson Elementary 

Sunnyside Elementary 

Thomas Edison Academy

Urban Watershed Stewardship San Francisco 
Unified School District Grant Winners

To learn more about our 

Green Stewards

Watershed Stewardship Grants in schools not only benefit our sewer and water 
systems, they also serve an educational function by teaching the next generation 
to view rainwater as a valuable resource, not a wastewater to be sent to the sewer. 
Through our 30+ implemented projects, we have been fortunate to work with: 

Green Schoolyard Alliance
San Francisco Estuary Project
Groundswell Rainscapes
Miller Landscape Architects
San Francisco School Alliance
Life Frames, Inc

San Francisco Unified School District
Community Challenge Grants Program
Regional Water Quality Control Board
Principals, teachers, garden 
coordinators, and kids at each school!

http://sfwater.org/watershedgrants 
Urban Watershed Stewardship Grant Program, please visit:  

urban 
watershed 
stewardship 
grants   
SCHOOLS

San Francisco has two green infrastructure grant programs, with one focused on implementation at public schools

Funds are awarded at two levels

Medium Project Large Projects

Award Size $15,000–$40,000 $40,001–$100,000

Project Duration 9–12 months 12–18 months

Match Requirements 35% match 25% match and demonstrated 
history of successful project imple-
mentation
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CASE STUDY
Halifax Regional Municipality, Nova Scotia
The Halifax Regional Water Commission (HRWC) charges all customers a stormwater fee for site- 
related flow leaving their properties and a right-of-way charge to the Halifax Regional Municipality 
for stormwater leaving the right-of-way and entering the HRWC stormwater system. HRWC recently 
received approval to change the stormwater fee rate system for residential customers from a flat rate 
to a tiered system. The tiered system will be based on an equivalent residential unit (ERU) which is 
based on the median impervious area associated with residential properties. 

The new fee system is proposed to reduce the majority of 
residential customers’ annual site-related flow charge and 
to charge each unit based on the contribution it makes to 
the stormwater system. The non-residential customers are 
charged a fee based on an exact calculation of impervious 
area. All customers will be billed per ten square meters, 
as opposed to the previous legislation of per one square 
meter. This change has made to reduce the impact of small 
measurement errors and to prevent perceived precision 
associated with the one square meter. The current right-of-
way charge is an annual flat fee of $42 (Canadian Dollars) 
used to help fund the municipality’s share of the repairs and 
maintenance of the stormwater systems that control water 
runoff from municipal roads. 

HRWC has received approval to implement a credit system 
for non-residential properties that control peak stormwa-
ter runoff from their sites with best management practices 
allowing them to reduce stormwater bills. The credit pro-
gram requires that non-residential properties install BMPs 
designed by qualified professionals and provide stamped 
and signed documentation to receive a 30% to 50% credit 
on their stormwater bill. Residential properties do not qualify 
for stormwater credits. The credit must also be applied for 
annually and requires confirmation that the system was 
maintained and cleaned as per recommendations from 
qualified professionals or the manufacturer.

Mixed use area within the City of Halifax
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Baltimore County, Maryland
The State of Maryland previously required 10 large communities to collect stormwater fees per State 
Legislation. The law applied to Baltimore City and Baltimore, Carroll, Hartford, Howard, Anne Arundel, 
Frederick, Montgomery, Prince George’s and Charles Counties. The State Legislation repealed the 
requirement in recent years. 

In addition to the general fund contributions, Baltimore 
County’s stormwater program was previously partially fund-
ed by a flat rate fee for residential and impervious-base fee 
for Commercial/Industrial (Stormwater Remediation Fee). 
The initial single-family fee was $26/year. The Commercial/
Industry fee was $23 per 1,000 square feet per year. The 
general fund contribution was approximately $10 million and 
the FY2016 stormwater fee generated approximately $16 
million revenue. In addition, the County was successful in 
obtaining state and federally-funded grants for implementa-
tion of restoration projects.

Previously, fee credits were available as part of the storm-
water fee program. The fee credit percentage was based 
on efficiency of total nitrogen and total phosphorus removal. 
The fee credits provided financial incentives for private 
property owners to implement stormwater best manage-
ment practices. With a change in state legislation, Baltimore 
County has repealed their stormwater fee, effective at the 
start of Fiscal Year 2017/2018, with reductions in Fiscal 
Year 2017.

CASE STUDY

Residential property in Baltimore County
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CASE STUDY
Philadelphia, Pennsylvania
The Philadelphia Water Department (PWD) charges a stormwater fee based on two param-
eters: the average Gross Area (GA) square footage and the average Impervious Area (IA) 
square footage for all residential properties. Non-residential and condominium properties are 
charged based on the property’s specific GA and IA, while residential properties are charged 
based on the city-wide average GA and IA for a residential parcel. 

All non-residential property owners and condominium own-
ers associations can reduce their stormwater management 
fee by installing stormwater management controls and re-
ceiving stormwater credits. PWD offers three types of cred-
its: impervious area credits, gross area credits, and NPDES 
credits for industrial stormwater discharge activities. The 
Impervious Area credit is a result of reducing the amount of 
impervious area through tree canopy cover, disconnected 
downspouts, pavement disconnections, green roofs, and 
porous pavement are eligible to customers who demon-
strate compliance with PWD’s Impervious Area Reduction 
criteria in managing the first inch of runoff.

The Gross Area credit is achieved by management of the 
first-inch of runoff for impervious area or by demonstrating 
a Natural Resource Conservation Service Curve Number 
that meets one of the values contained in the Curve Number 
Scale. This credit rewards high quality open spaces for infil-
tration. The NPDES Credit is given to active NPDES permit 
holders for industrial stormwater discharge and a history of 
compliance with the permit for the preceding twelve months. 

PWD offers grant programs as financial incentives for 
qualified non-residential PWD customers and contractors to 
encourage stormwater best management practices imple-
mentation on private property. The Stormwater Manage-
ment Incentive Program (SMIP) is a competitive grant for 
$100,000 or less per impervious acre to manage at least 
the first 1” of runoff. Recipients are chosen based on criteria 
including total volume of stormwater managed, cost com-
petitiveness, and other environmental and educational ben-
efits. The Greened Acre Retrofit Program (GARP) provides 

funding to companies or project aggregators who develop 
a stormwater management plan on properties that are 
10 acres or larger within the combined sewer service area. 

One year into the parcel-based fee for stormwater, the 
Stormwater Customer Assistance Program (CAP) was 
introduced. It limits eligible non-residential customer’s 
accounts to no more than a 10% increase each rate period. 
This program helped abate high year-to-year rate increases 
that a customer would see as a result of the phase-in of 
parcel-based fees and the phase-out of meter-based fees 
for stormwater.

Apartment parking lot with pervious paving
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CASE STUDY
Washington, DC
Property owners in Washington, DC (the District) pay stormwater fees based on the amount 
of impervious surface on their property. By installing runoff-reducing green infrastructure, a 
property owner can earn a discount on these stormwater fees. 

Properties that voluntarily retrofit with GI can earn Stormwa-
ter Retention Credits (SRCs) that can be sold to properties 
that are subject to the District’s stormwater management 
regulations. SRC-generating sites list their SRCs for sale on 
Department of Energy and Environment’s (DOEE) SRC Reg-
istry, and regulated sites seeking credits contact SRC own-
ers to negotiate a trade. To date, 11 trades have occurred, 
with a value of approximately $110,000.

In 2017, DOEE is rolling out a SRC Purchase Program 
whereby DOEE, working through a third party grantee, will 
agree to purchase SRCs from newly installed GI in priority 
areas of the District that maximize benefits to District water-
bodies. The SRC Purchase Program will effectively establish 
an SRC price floor by providing greater certainty about the 
revenue that can be earned from new SRC-generating proj-
ects. As a result, DOEE expects the program to engage and 
leverage private capital investments in GI in priority areas 
of the District. This private investment has already begun in 
anticipation of the SRC Purchase Program, with Prudential 
Investments investing $1.7 million for GI projects with Dis-
trict Stormwater LLC, an SRC aggregator.

More information is available at  
http://doee.dc.gov/riversmartrewards 
http://doee.dc.gov/src

Washington, DC, also offers rebates for private property 
owners who install green roofs, rain barrels, newly planted 
trees, and stormwater management facilities to manage 
impervious surface. The rebates are as follows: 

•	 $10 per square foot rebate for green roofs.

•	 $2/gallon rebate for rain barrels larger than 
50 gallons.

•	 $50 per tree for small and medium canopy trees 
and $100 per tree for large canopy trees.

•	 $10 per square foot rebate for the replacement of 
impervious surfaces with pervious paving and a 
$5 per square foot rebate for the replacement of 
impervious surfaces with vegetation.

•	 $3 per impervious square foot treated by rain gar-
dens on single-family properties.





Appendix 1: Utility Snapshot

Arlington County, VA
Atlanta, GA
Aurora, CO
Baltimore County, MD
Baltimore, MD
Boston, MA
Chicago, IL
Cincinnati, OH
Fairfax County, VA
Fort Lauderdale, FL
Houston, TX
Indianapolis, IN
King County, WA 
Lincoln, NE
Los Angeles, CA
Milwaukee, WI
Minneapolis, MN
Nashville, TN
Northeast Ohio Regional Sewer 
District (NEORSD)
New Orleans, LA 
New York, NY
Onondaga County, NY
Philadelphia, PA
Portland, OR
Richmond, VA
San Francisco, CA
Sanitation District (SD-1), KY
Seattle, WA
Washington, DC
Toronto, Canada
Copenhagen, Denmark
Melbourne, Australia
Halifax, Canada
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Arlington County, VA

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES Phase I MS4 Permit Arlington County

•	 Nutrient Trading Program: Considers the reduced nu-
trient loads associated with Waste Water Treatment Plant 
improvements in conjunction with nutrient load reductions 
associated with stormwater improvement projects.

•	 StormwaterWise Landscapes Program: Provides 
financial incentives for homeowners to install green infra-
structure on their property.	

•	 Stormwater Master Plan: Recommends total phospho-
rus reduction in response to Chesapeake Bay require-
ments including: 
51 percent from stream restoration projects, 
6 percent from beaver pond refinements, 
25 percent from watershed retrofits, 
4 percent from street sweeping, and 
13 percent from re-development

Nutrients Sediment Bacteria Metals Trash Other

Sewer System Type

Land Use

Residential
49%

Open space 
30%

Other 
21%

Separate
100%

Participating Organization: 
Arlington County – Department of 
Environmental Services

2010 Census Population 208,000

Population Density (per square mile) 8,800

Population Growth (2000-10) >5.0%

Sanitary Sewer Pipes 465 miles

Storm Sewer Pipes  
(Separate system only) 373 miles

VIRGINIA

MARYLAND

A

WASHINGTON DC

RLINGTON COUNTY

Separate

5 miles

Location



123UTILITY SNAPSHOT

0 2010
Miles

ATLANTA

Atlanta, GA

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES Phase I MS4 Permit Department of Watershed Management

EPA CSO and SSO Consent Order Department of Watershed Management

•	 Greenway Acquisition Project: Invests $25 million 
to acquire and protect properties adjacent to selected 
impaired rivers and creeks.

•	 Upper Proctor Creek Watershed Action Plan: 
Invests $50 million to improve water quality in an 18 
square mile watershed through water and wastewater 
infrastructure improvements, combined sewer capacity 
relief, stormwater improvements, and community public 
space enhancements.

Nutrients Sediment Bacteria Metals Trash Other

Sewer System Type

Land Use

Participating Organizations: 
City of Atlanta – Department of Watershed 
Management

2010 Census Population 420,000

Population Density (per square mile) 3,300

Population Growth (2000-10) >1.0%

Sanitary Sewer Pipes (incl. combined) 2,150 miles

Storm Sewer Pipes  
(Separate system only) 122 miles

Combined
8%

Separate
92%

Residential
32%

Open space 
13%

Other 
55%

Separate Combined City limits

7 miles

Location
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Aurora, CO

AURORA

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES Phase I MS4 Permit City of Aurora

•	 Watershed-Specific Fees: Implements the Cherry Creek 
Basin fee as $60.00 per residential lot or $0.04 per square 
impervious foot for other land uses and the Center City 
Detention Pond fee as between $1,448 and $1,948, 
dependent on watershed location. 

•	 Regional Solutions: Coordinates with the Urban 
Drainage and Flood Control District (UDFCD) to provide 
Stormwater design guidance, master planning services, 
floodplain management guidance, and flood warning 
for the region’s 39 cities. UDFCD encourages region-
al approaches (watersheds larger than 130 acres) for 
flood reduction and distributed/on-site controls for water 
quality improvement.

Nutrients Sediment Bacteria Metals Trash Other

Sewer System Type

Land Use

Separate
100%

Participating Organizations: 
Aurora Water

2010 Census Population 325,000

Population Density (per square mile) 2,300

Population Growth (2000-10) >20%

Sanitary Sewer Pipes NA

Storm Sewer Pipes  
(Separate system only) NA

Residential
13%

Open space 
9%

Other 
78%

Separate

Location

10 miles



125UTILITY SNAPSHOT

Baltimore County, MD

MARYLAND

BALTIMORE COUNTY

PENNSYLVANIA

MARYLAND

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES Phase I MS4 Permit Department of Environmental Protection and Sustainability

EPA SSO Consent Order Department of Public Works

•	 Floatable Monitoring Program: Performs a floatable 
monitoring program that includes the monitoring of out-
falls, land use, and percent imperviousness to determine 
large contributors to trash loads. Land use and impervi-
ousness resulted in a better correlation than the out-
fall monitoring. 

•	 Fee-in-lieu: Approved 30 fee-in-lieu projects which gen-
erated approximately $444,000 for the implementation of 
other projects.

•	 Watershed Restoration: Implemented a total of 3,233 
stormwater treatment facilities (serving 35,470 acres/23 
percent of the County).

Nutrients Sediment Bacteria Metals Trash Other

Sewer System Type

Land Use

Participating Organizations: 
Baltimore County – Department of Environmental 
Protection and Sustainability

2010 Census Population 805,000

Population Density (per square mile) 1,400

Population Growth (2000-10) >5%

Sanitary Sewer Pipes 3,150 miles

Storm Sewer Pipes  
(Separate system only) 1,400 miles

Separate
100%

Residential
16%

Other 
28%

Open space 
56%

Separate County Boundary

Location

15 miles
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Baltimore, MD

0 105
Miles

BALTIMORE

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES Phase I MS4 Permit Department of Public Works (Bureau of Water and 

Wastewater)

EPA SSO Consent Order Department of Public Works (Bureau of Water and 
Wastewater)

Nutrients Sediment Bacteria Metals Trash Other

•	 Floatable Reduction Effort: Performs an inventory of 
existing trash reduction programs, implementation of a 
trash reduction education program, and annual program 
effectiveness assessment. Installed 760 storm drain inlet 
screens and inserts to trap trash for storm events of 
smaller than 1-inch rain.

•	 Tree Planting: Reforests and plants trees to meet a goal 
of 40 percent tree canopy cover. Targets 4,000 lots for 
restoration over the next 10 years.

•	 Fee Credit: Provides single-family property fee credits 
based on participation in a public projects quality such 
as trash clean-up or tree planting. The owner receives a 
credit of $10/year for every 8 hours of participation. 

Residential
17%

Other 
63%

Open space 
20%

Sewer System Type

Land Use

Separate
100%

Participating Organizations: 
City of Baltimore – Department of Public Works 
(Bureau of Water of Wastewater)

2010 Census Population 621,000

Population Density (per square mile) 6,800

Population Growth (2000-10) >-4%

Sanitary Sewer Pipes 1,400 miles

Storm Sewer Pipes  
(Separate system only) 1,200 miles

Separate

Location

10 miles
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Boston, MA

BOSTON

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES Phase I MS4 Permit Boston Water and Sewer Commission

EPA CSO Consent Order Boston Water and Sewer Commission

Nutrients Sediment Bacteria Metals Trash Other

•	 Sewer Lateral Assistance Program: Incentivizes leaking 
sewer lateral elimination through financial assistance for 
property owners. 

•	 Illicit Discharge Elimination: Executed four consultant 
contracts to perform illicit discharge investigation and 
elimination ($7.8 million investment). 

•	 Illicit Discharge Elimination: Tested numerous different 
methods to identify IDDE including dogs, televising, dye 
testing, fiber optic heat sensors, etc. 

•	 Industrial Facility Stormwater Pollution Prevention 
Program: Enforces through identification, inspection, 
monitoring and enforcement of any industry that contrib-
utes a pollutant of concern. 90 percent of all industries are 
inspected once every 2 years.

•	 Stormwater Design Manual: Requires matching pre-de-
velopment annual groundwater recharge volume, and 80 
percent TSS removal for the 1-inch storm event. Requires 
special BMP designs for land uses with high pollutant load 
potential such as industrial, vehicle maintenance yards, 
and heavy equipment storage. 

Sewer System Type

Land Use

Participating Organizations: 
Massachusetts Water Resources (MWRA), Boston 
Water and Sewer Commission (BWSC)

2010 Census Population 617,000

Population Density (per square mile) 13,700

Population Growth (2000-10) >1%

Sanitary Sewer Pipes (incl. combined) 700 miles

Storm Sewer Pipes  
(Separate system only) 665 miles

Separate
75%

Combined
25%

Residential
18%

Other 
72%

Open space 
10%

Separate Combined

Location

7 miles
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Chicago, IL

C

LAKE MICHIGAN

HICAGO

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES Phase I MS4 Permit City of Chicago

EPA CSO Consent Order City of Chicago

Nutrients Sediment Bacteria Metals Trash Other

•	 Tunnel and Reservoir Plan: Constructs a deep tunnels 
and reservoirs for the purposes of capturing, conveying, 
and storing sewage and stormwater during CSO events. 
Altogether, the system will have a capacity estimated at 
22.3 billion gallons upon completion.

•	 Building a New Chicago Plan: Replaces hundreds of 
miles of water mains and sewer mains and incorporates 
green infrastructure practices.

•	 Green Programs: Commits $50 million to:
–– Manage an inlet control system to relieve basement 

flooding and slow the flow of stormwater into the sewer 
system.

–– Install over 200 Green Alleys, which includes over 
330,000 square feet of permeable pavement.

–– Plants over 70,000 trees along public roadways. 
–– Install 350 green or vegetated roofs totaling over 

5,500,000 square feet of surface area through-
out Chicago.

Sewer System Type

Land Use

Participating Organizations: 
Chicago Metropolitan Water Reclamation District of 
Greater Chicago, City of Chicago – Department of 
Water Management

2010 Census Population 2,696,000

Population Density (per square mile) 11,600

Population Growth (2000-10) >-6.9%

Sanitary Sewer Pipes (incl. combined) 5,000 miles

Storm Sewer Pipes
(Separate system only) NA

Separate
.5%

Combined
99.5%

Residential
41%

Other 
52%

Open space 
7%

Separate Combined

Location

15 miles
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Cincinnati, OH

OHIO

KENTUCKY

CINCINNATI

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES Small Municipal MS4 General Permit City of Cincinnati

EPA CSO and SSO Consent Order Hamilton County Board of Commissioners and the City 
of Cincinnati

•	 SSO/CSO Consent Decree: Includes approximately 300 
projects representing a total investment of $3.0 billion. 
Key stormwater projects include:
–– Cincinnati Zoo - pervious pavement, rainwater harvest-

ing, green roofs, and bioswales.
–– Cincinnati Public Schools - pervious pavement, green 

roofs, urban planters, rain gardens, and bioswales.
–– Red Cross Facility - green roofs and bioswales.

•	 Integrated Plan: Implements the Lower Mill Creek plan 
which was developed using an integrated watershed-
based approach. Revised the original plan (deep, large 
underground storage tunnel) with stormwater separation, 
green infrastructure, stormwater system day-lighting, and 
recreational/green space creation. 

•	 Septic Tank Program: Reduces pollution from septic 
tanks through inspection and enforcement actions an as 
part of NPDES MS4 program. 

Nutrients Sediment Bacteria Metals Trash Other

Sewer System Type

Separate
60%

Combined
40%

Land Use

Participating Organizations: 
Metropolitan Sewer District of Greater Cincinnati – 
Storm Water Management, Hamilton County Storm 
Water District, City of Cincinnati – Stormwater 
Managment Utility

2010 Census Population 297,000

Population Density (per square mile) 3,700

Population Growth (2000-10) >-11%

Sanitary Sewer Pipes (incl. combined) 3,000 miles

Storm Sewer Pipes  
(Separate system only) 300 miles

Residential
44%

Other 
44%

Open space 
12%

Separate (Data not available) 

Combined (Data not available)

City limits

Location

10 miles
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Fairfax County, VA

VIRGINIA

MARYLAND

FAIRFAX COUNTY

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES MS4 Permit County of Fairfax

•	 Watershed Plans: Completed 13 watershed plans that 
recommend 1,700 structural and non-structural BMPs. 

•	 Regional Facilities: Only implements wet ponds, 
extended detention ponds, and wetlands in residential 
developments as regional facilities (receiving drainage 
areas larger than 100 acres). Provides public maintenance 
for all regional ponds. Provides a fee-in-lieu-of program by 
allowing developers to contribute a prorated amount.  

•	 Stream Restoration: Recognizes stream restoration 
as one of the most cost effective methods of achieving 
compliance with the Chesapeake Bay TMDL. 

Nutrients Sediment Bacteria Metals Trash Other

Sewer System Type

Land Use

Separate
100%

Participating Organizations: 
County of Fairfax – Department of Public Works and  
Environmental Services – Stormwater Managment 
Division, Wastewater Management Division

2010 Census Population 1,082,000 

Population Density (per square mile) 2,800 

Population Growth (2000-10) >10%

Sanitary Sewer Pipes 3,200 miles

Storm Sewer Pipes  
(Separate system only) 1,500 miles

Residential
50%

Other 
20%

Open space 
30%

Separate

Location

15 miles
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Fort Lauderdale, FL

FORT LAUDERDA

ATLANTIC 
OCEAN

LE

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES MS4 Permit City of Fort Lauderdale

Nutrients Sediment Bacteria Metals Trash Other

•	 Master Plan: Updated the City-wide Stormwater Master 
Plan to assess climate change and sea level rise.

•	 Illicit Discharge Elimination: Performs illicit discharges 
testing in the receiving waterbody because many of the 
outfall elevations are below permanent pool elevation or 
tidal influence. 

•	 South Florida Water Management District (SFWMD): 
The portion of the drainage system is operated by the SF-
WMD through a system of pump stations and spillways. 
SFWMD performs stormwater management and protects 
water supplies for more than 31 cities.

Sewer System Type

Participating Organizations: 
City of Fort Lauderdale – Department of Public Works 
– Sustainability Division

2010 Census Population 166,000

Population Density (per square mile) 4,800

Population Growth (2000-10) >3% 

Sanitary Sewer Pipes 503 miles 

Storm Sewer Pipes  
(Separate system only) 171 miles 

Separate
100%

Residential
11%

Other 
76%

Open space 
13%

Land Use

Separate

Location

5 miles
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Houston, TX

HOUSTON

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES MS4 Permit City of Houston

Nutrients Sediment Bacteria Metals Trash Other

•	 Local Drainage Projects (LDP) Program: This program 
addresses localized stormwater drainage issues identified 
directly by property owners where “simple” solutions will 
resolve the problem. $25 million has been dedicated from 
2015 to 2019 to resolve these problems.

•	 Stormwater Capacity Availability: Requires a certifi-
cation that the downstream drainage system is available 
and has adequate capacity. Development is not allowed 
until existing drainage infrastructure is improved to suffi-
cient capacity.

•	 Clear Water Clear Choice: Participates in a joint task 
force of the four co-permittees (City of Houston, Harris 
County, Harris County Flood Control District, and Texas 
Department of Transportation) on the Phase I NPDES 
MS4 Permit. The joint approach provides consistency and 
efficiency in stormwater management program implemen-
tation and management regionally.

Residential
19%

Other 
80%

Open space 
1%

Sewer System Type

Land Use

Separate
100%

Participating Organizations: 
City of Houston Department of Public Works -  
Street and Drainage Division

2010 Census Population 2,099,000

Population Density (per square mile) 3,700

Population Growth (2000-10) >7.5%

Sanitary Sewer Pipes 6,100 miles

Storm Sewer Pipes  
(Separate system only) 3,800 miles

Separate

Location

20 miles



133UTILITY SNAPSHOT

Indianapolis, IN

0 3015
Miles

INDIANAPOLIS

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES MS4 Phase I Permit City of Indianapolis

EPA CSO Consent Order City of Indianapolis

Nutrients Sediment Bacteria Metals Trash Other

•	 Gas Station and Restaurant Inspection Program: 
Inspects ten facilities of each type per year to deter-
mine trends associated with frequency of trash, vehicle 
residue, and grease. Results are considered for managing 
the 1,421 gas stations and restaurant facilities through-
out Indianapolis.

•	 Green Infrastructure Grant Program: Distributes 
$100,000 annually to organizations that utilize green infra-
structure. The maximum grant award is $20,000 (with 20 
percent matching contribution).

Separate
80%

Combined
20%

Residential
29%

Other 
56%

Open space 
15%

Sewer System Type

Land Use

Participating Organizations: 
City of Indianapolis – Department of Public Works,  
Citizen Energy Group

2010 Census Population 820,000

Population Density (per square mile) 500

Population Growth (2000-10) >1%

Sanitary Sewer Pipes (incl. combined) 3,000 miles

Storm Sewer Pipes  
(Separate system only) NA

Separate Combined

Location

10 miles
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King County, WA 

0 10050
Miles

KING COUNTY

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES Phase I MS4 Permit King County

NPDES Phase II MS4 Permit King County

EPA CSO Consent Order King County

•	 Post Construction Ordinance: Includes three possible 
flood control targets and five possible water quality targets 
determined by an assessment of the receiving watershed.

•	 Seattle and King County Long Term Control Plan: 
Provides options for watershed plans to be developed 
by the development community so that regional improve-
ments are implemented. Watershed plans can recom-
mend improvements in adjacent watersheds. 

Nutrients Sediment Bacteria Metals Trash Other

Residential
17%

Other 
2%

Open space 
81%

Separate
80%

Combined
20%

Sewer System Type

Land Use

Participating Organizations: 
King County – Department of Natural  
Resources and Parks

2010 Census Population 1,931,000

Population Density (per square mile) 1,000

Population Growth (2000-10) >10%

Sanitary Sewer Pipes (incl. combined) 391 miles

Storm Sewer Pipes  
(Separate system only) NA

Separate Combined City limits

Location

35 miles
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Lincoln, NE 

0 3015
Miles

LINCOLN

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES Phase I MS4 Permit City of Lincoln

•	 Fee Credit Transfers: Allows fee credits based on 
volume (acre feet) that are greater than post construction 
stormwater management requirements. Such credits 
can be transferred, traded or sold; however, the credits 
must be used within the same watershed from which they 
were obtained.

•	 Compensatory Floodplain Storage: Requires pres-
ervation of floodplain storage at a 1 to 1 ratio for areas 
outside to the minimum floodplain corridor. Requires 
compensatory storage at a 1.5 to 1 ratio for areas inside 
the minimum floodplain corridor. 

•	 Watershed Management Plans: Considers water-
shed-specific goals including strategically-located regional 
stormwater storage facilities. The regional facility sites 
are reserved before development occurs, when possible. 
Funding mechanisms are developed to allow joint

Nutrients Sediment Bacteria Metals Trash Other

Residential
17%

Other 
8%

Open space 
75%

Separate
100%

Sewer System Type

Land Use

Participating Organizations: 
City of Lincoln – Public Works and Utilities Depart-
ment, Lower Platte South Natural Resources District

2010 Census Population 259,000

Population Density (per square mile) NA

Population Growth (2000-10) >10%

Sanitary Sewer Pipes 1,000 miles

Storm Sewer Pipes  
(Separate system only) NA

Separate

Location

15 miles
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Los Angeles, CA

LOS ANGELES

PACIFIC 
OCEAN

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES Phase I MS4 Permit Los Angeles County

•	 Fee Credit Trading: Developing a credit banking system 
for larger properties (5,000 square feet) to exceed stan-
dard stormwater management requirements. The credit 
banking system allows projects to build all the stormwater 
management practices on-site or use the right-of way. If 
the right-of-way is used, the project is required to manage 
the additional runoff that would be normally managed in 
the right-of-way. 

•	 Base Flow Treatment: Implemented a program that 
allows base flow to enter the sanitary sewer system 
and WWTP.

•	 Floatable TMDL: Requires 100 percent reduction over a 
10-year period. Efforts include load assessment based on 
the amount of trash retrieved by the catch basin cleaning 
crews. Data indicates that the central part of the City con-
tributes disproportionately more trash per unit area. This 
central part is targeted for priority installation of screens 
and inserts at catch basins 

Nutrients Sediment Bacteria Metals Trash Other

Residential
50%

Other 
23%

Open space 
27%

Separate
100%

Sewer System Type

Land Use

Participating Organizations: 
City of Los Angeles – Bureau of Sanitation:  
Watershed Protection Program

2010 Census Population 3,793,000

Population Density (per square mile) 7,800

Population Growth (2000-10) >15%

Sanitary Sewer Pipes 4,700 miles

Storm Sewer Pipes  
(Separate system only) 1,800 miles

Separate

Location

25 miles
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Milwaukee, WI

0 2010
Miles

MILWAUKEE

Separate sewer data not available

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES MS4 Phase I Permit City of Milwaukee 

•	 BaseTern™ Program: The city of Milwaukee is currently 
studying the feasibility of repurposing the basements of 
abandoned homes slated for demolition as stormwater 
retention structures

•	 ReFresh Milwaukee: Proposes an annual 10% storm-
water volume increase captured by green infrastructure

•	 2035 Vision: Develops a goal for zero combined sewer 
overflows, zero basement backups, and improving 
stormwater management. The key approach is Integrated 
Watershed Management and to seek a balance between 
gray and green infrastructure. 

Nutrients Sediment Bacteria Metals Trash Other

Participating Organizations: 
Milwaukee Department of Public Works - Environmen-
tal Section, Milwaukee Metropolitan Sewer District 

2010 Census Population 605,000

Population Density (per square mile) 6,200

Population Growth (2000-10) >1%

Sanitary Sewer Pipes (incl. combined) 3,300 miles

Storm Sewer Pipes  
(Separate system only) NA

Separate
95%

Combined
5%

Sewer System Type

Separate (Data not available) Combined City limits

Location

7 miles

Residential
16%

Other 
79%

Open space 
5%

Land Use
Lake 
Michigan
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Separate
95%

Combined
5%

Data not available

Minneapolis, MN

0 105
Miles

MINNEAPOLIS

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES Phase I MS4 Permit City of Minneapolis

•	 Green Roofs: Implemented public green roofs at City 
Hall, Target Center Arena, and public library. 

•	 Local Surface Water Management Plan: set the goals:
–– No net loss of tree canopy. 
–– Plant at least 2,500 trees on public land every year. 
–– Increase the number of Large Area Stormwater Ameni-

ties to 30 and Small Area Stormwater Amenities to 500.
–– Increase the number of Large Area Underground 

Stormwater Treatment Chambers to 150 and Small Area 
Underground Stormwater Treatment Chambers to 100. 

–– Increase the number of Green Roofs in the City to 100.

•	 Stormwater Volume Study: Conduct a study of how 
stormwater volume reduction practices can support a 
performance based approach in lieu of a prescriptive 
requirement to provide site designers flexibility. For projects 
where it is determined that adequate stormwater volume 
reductions cannot be achieved on-site, a stormwater vol-
ume reduction crediting system must be developed.

Nutrients Sediment Bacteria Metals Trash Other

Sewer System Type

Land Use

Participating Organizations: 
Public Works Department – Sewer and  
Storm Drain Unit, Department of Public Works –  
Surface Water and Sewers

2010 Census Population 383,000

Population Density (per square mile) 6,600

Population Growth (2000-10)  -0.001%

Sanitary Sewer Pipes (incl. combined) 830 miles

Storm Sewer Pipes  
(Separate system only) 556 miles

Location

5 miles

City limits Separate (Data not available) 

Combined (Data not available)
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Nashville, TN

NASHVILLE

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES Phase II MS4 Permit Metro Nashville/ Davidson County

•	 De-listing Goal: Implements a plan to remove streams 
from the 303(d) list. Two stream segments have been 
de-listed. Multiple streams are in complaince for one 
pollutant

•	 Floodplain Buy-Out: Experienced an 18-inch flood event 
in 2010. The community responded by implementing a 
buy-out program for buildings located in the floodplain. 
75% of the funding was provided by federal sources, 
12.5% of the funding was provided by state sources, and 
12.5% of the funding was provided by local sources. 

Nutrients Sediment Bacteria Metals Trash Other

Separate
7%

Combined
93%

Sewer System Type

Land Use

Participating Organizations: 
Metropolitan Government of Nashville and Davidson 
County, Metro Water Services – Stormwater Group

2010 Census Population 627,000

Population Density (per square mile) 1,300

Population Growth (2000-10) >5.0%

Sanitary Sewer Pipes (incl. combined) 2826 miles

Storm Sewer Pipes  
(Separate system only) NA

Combined Sewer Pipes 224 miles

Data not available

Separate Combined

Location

15 miles
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Northeast Ohio Regional Sewer District (NEORSD)

N

LAKE ERIE

ORTHEAST OHIO REGIONAL 
SEWER DISTRICT

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
EPA CSO Consent Order Cleveland, OH

•	 Community Cost Share Program: Enables member 
communities to request funds from NEORSD to assist 
with maintenance and operation of local stormwa-
ter systems

•	 Green Infrastructure Grant Program: Includes $2 
million per year funding of green infrastructure for the 
member communities. 

•	 Consent Decree Compliance: Resulted in approximate-
ly 98% capture goal using gray infrastructure including 
a large storage tunnel (overall budget $3 billion dollars). 
Adopted a revised green infrastructure approach. 

•	 Regional Service: Provides service to an area that cov-
ers 355 square miles, which includes 61 municipalities.

Nutrients Sediment Bacteria Metals Trash Other

Separate
77%

Combined
23%

Data not available

Sewer System Type

Land Use

Participating Organizations: 
NEORSD

2010 Census Population 1,427,000

Population Density (per square mile) NA

Population Growth (2000-10)  -7.6%

Sanitary Sewer Pipes (incl. combined) NA

Storm Sewer Pipes  
(Separate system only) NA

City Limits

Location

15 miles

Separate (Data not available) 

Combined (Data not available)
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Northeast Ohio Regional Sewer District (NEORSD) New Orleans, LA 

0 4020
Miles

NEW ORLEANS

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES MS4 Permit Sewerage and Water Board of New Orleans, City of 

New Orleans

EPA CSO Consent Order Sewerage and Water Board of New Orleans, City of 
New Orleans

•	 Drainage System – Sea Level: Located at or below sea 
level elevation and is surrounded by flood protection le-
vees. All stormwater (60 inches annual rainfall) is pumped 
and discharged over the levee systems. There are 22 
stormwater pumping stations and 13 underpass stations 
with a pumping capacity over 29 billion gallons a day. 

•	 Coastal Impact Assistance Program: Implemented 
a restoration and stabilization of shoreline. Funding is 
$15 million over the next four years through the Coastal 
Impact Assistance Program.

•	 Wetlands Assimilation Project: Partnership to restore 
20,000 acres of wetlands lost to Hurricane Katrina.

•	 Green Infrastructure Flood Mitigation: Received a 
$140 million award from FEMA’s Hazard Mitigation grant 
program to increase resiliency and includes green infra-
structure elements.

Nutrients Sediment Bacteria Metals Trash Other

Residential
14%

Other 
13%

Open space 
73%

Separate
100%

Sewer System Type

Land Use

Participating Organizations: 
Sewerage and Water Board of New Orleans,
City of New Orleans Planning Commission

2010 Census Population 1,190,000

Population Density (per square mile) 1,000

Population Growth (2000-10) >-11%

Sanitary Sewer Pipes 1,550 miles

Storm Sewer Pipes  
(Separate system only) NA

Separate

Location

City limits

20 miles

Lake 
Borgne

Lake 
Pontchartrain

Mississippi 
River
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New York, NY

NEW YORK

NEW YORK

NEW JE

ATLANTIC OCEAN

RSEY

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
EPA CSO Consent Order City of New York 

SPDES MS4 Phase I Permit City of New York 

•	 Municipal Good Housekeeping Pollution Prevention 
Program: Prioritizes municipal facilities and off-site oper-
ations based on potential pollution risks to surface waters. 
Prioritization is performed using a quantitative process 
by assigning a ranking of high, medium, or low priority. 
Factors considered include operational area exposure 
to stormwater, type of material stored and used on-site, 
quantity of material, and others. 

•	 Southeast Queens Initiative: Multiple city agencies are 
collaborating under the direction of the Mayor to reduce 
localized flooding in the area. Efforts include evaluating, 
phasing, and accelerating the capital plans for storm-

water infrastructure; outreach to homeowners on what 
they can do to protect their properties; and adding green 
infrastructure as an interim support measure. The effort 
includes extensive inter-agency coordination and co-fund-
ing of program components. 

•	 Green Infrastructure Grant Program: Provides funding 
for the design and construction of green infrastructure on 
private properties in NYC. The program was initiated to 
help address the CSO Consent Order, and was previous-
ly limited to combined sewer areas. NYC DEP recently 
obtained approval to expand the program citywide, to 
include the Separately sewered areas.

Nutrients Sediment Bacteria Metals Trash Other

Residential
27%

Other 
46%

Open space 
27%

Separate
40%

Combined
60%

Sewer System Type

Land Use

Participating Organizations: 
New York City – Department of Environmental 
Protection

2010 Census Population  8,175,000

Population Density (per square mile) 18,100

Population Growth (2000-10) >5%

Sanitary Sewer Pipes (incl. combined) 4,850 miles

Storm Sewer Pipes  
(Separate system only) 1,320 miles

Separate Combined City limits

Location

15 miles
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Onondaga County, NY

0 6030
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ONONDAGA COUNTY

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES MS4 Phase I Permit Onondaga County

•	 Onondaga Lake Protection and Restoration: Amend-
ed consent judgement to build green infrastructure to 
achieve specific, quantitative reductions in CSOs. Pro-
gram budget is approximately $78 million. The program 
balances gray and green infrastructure to save as much 
as $20 million compared with traditional CSO mitiga-
tion programs. 

•	 Save the Rain Vacant Lot Program: Conversion of 
publicly-owned empty lots into usable spaces for public 
benefit, including stormwater retention.

•	 Onondaga Lake Sediment Dredging: Removed 2.2 
million cubic yards of sediment. Effort included capping 
about 450 acres of the lake bottom to provide a new 
habitat layer, prevent erosion, and isolate remaining 
contaminants. 44 acres of wetlands were restored. More 
than 110 species of fish, birds, and mammals returned to 
restored wetlands. About 1.1 million plants, shrubs, and 
trees were planted. 

Nutrients Sediment Bacteria Metals Trash Other

Sewer System Type

Land Use

Participating Organizations: 
Onondaga County – Department of Water Environment 
Protection

2010 Census Population 467,000

Population Density (per square mile) NA

Population Growth (2000-10) >1%

Sanitary Sewer Pipes (incl. combined) 3,000 miles

Storm Sewer Pipes  
(Separate system only) NA

Data not availableLocation

20 miles

City limits Separate (Data not available) 

Combined (Data not available)

Residential
33%

Other 
15%

Open space 
52%

Land Use
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Philadelphia, PA

P

NEW JERSEY

PENNSYLVANIA

HILADELPHIA

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES Phase I MS4 Permit City of Philadelphia

EPA CSO Consent Order City of Philadelphia

•	 Green City, Clean Waters: Agreed to a long-term Con-
sent Order compliance strategy based on the ad¬vance-
ment of green infrastructure. Programmed to invest $1.2 
billion over the next 25 years including an $800 million 
commitment for constructing green infrastructure, and 
$200 million for upgrading the City’s water pollution con-
trol plants. The program includes a 25-year commitment 
to convert more than one-third of the impervious cover 
within the combined sewer area to green space.

•	 Green Infrastructure Maintenance: Compiled a nation-
wide review of green stormwater infrastructure mainte-
nance programs and manuals (152 stormwater mainte-
nance manuals). Original green infrastructure operation 
and maintenance cost was estimated to be 1 to 2% of 
capital expenditure. The current estimate of total green 
infrastructure operation and maintenance cost is 15 to 
20% of capital expenditure.

Nutrients Sediment Bacteria Metals Trash Other

Residential
14%

Other 
63%

Open space 
23%

Combined 
60%

Separate 
40%

Sewer System Type

Land Use

Participating Organizations: 
Philadelphia Water Department

2010 Census Population 1,527,000

Population Density (per square mile) 11,600

Population Growth (2000-10) <1.0%

Sanitary Sewer Pipes 765 miles

Storm Sewer Pipes  
(Separate system only) 774 miles

Combined Sewer Pipes 1,461 miles
Separate Combined

Location

10 miles
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Portland, OR

P

WASHINGTON
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ORTLAND

   Impairments &    TMDLs

Unique Features

Residential
37%

Other 
43%

Regulatory Requirement Administering Body
NPDES Phase I MS4 Permit City of Portland

•	 Green City Grant Policy: States that 1% of construc-
tion costs of all infrastructure improvement projects are 
contributed to a grant fund program that is used to install 
BMPs ($500,000 annually). Additional green policies 
include the Green Building Policy, Climate Action Plan and 
the Green Street Policy.

•	 Separate Stormwater System: The 70% includes 
>9,000 stormwater underground injection controls 
(UICs-drywells/sumps). In Oregon, UICs are regulated 
and permitted by the State (DEQ) under the Safe Drinking 
Water Act. 

•	 Industrial/Commercial Inspections: Administers the 
General NPDES Industrial Stormwater Discharge Permit 
in Portland through an intergovernmental agreement with 
Oregon DEQ. Program staff conduct annual compliance 
inspections of permitted sites, provide technical assis-
tance on BMP implementation, and issue enforcement 
referrals to DEQ for instances of noncompliance.

Nutrients Sediment Bacteria Metals Trash Other

Open space 
20%

Separate
70%

Combined
30%

Sewer System Type

Land Use

Participating Organizations: 
City of Portland – Bureau of Environmental Services

2010 Census Population  584,000

Population Density (per square mile) 4,300

Population Growth (2000-10) >10.0%

Sanitary Sewer Pipes 1,003 miles

Storm Sewer Pipes 
(Separate system only) 443 miles

Combined Sewer Pipes 911 milesSeparate Combined City limits

Location

15 miles
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Richmond, VA

0 105
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RICHMOND

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES Phase II MS4 Permit City of Richmond Public Utilities - Stormwater

•	 Integrated Planning: Re-visited the 2006 CSO long-
term control plan using the EPA Guidelines for Integrated 
Planning. Five independent agencies (Stormwater, Waste-
water, Drinking Water, Gas, and Transportation) partici-
pated in the Integrated Planning process. EPA is also an 
active stakeholder. The goal includes the implementation 
of a coordinated Stormwater and Wastewater permit. 

Nutrients Sediment Bacteria Metals Trash Other

Residential
13%

Other 
9%

Open space 
78%

Separate
67%

Combined
33%

Sewer System Type

Land Use

Participating Organizations: 
City of Richmond – Department of Public Utilities

2010 Census Population 204,000

Population Density (per square mile) 3,500

Population Growth (2000-10) >1%

Sanitary Sewer Pipes 460 miles

Storm Sewer Pipes  
(Separate system only) 180 miles

Combined Sewer Pipes 520 miles
Separate Combined

Location

5 miles
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San Francisco, CA

0 2010
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SAN FRANCISCO

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES Phase II Small MS4 General Permit City of San Francisco, Port of San Francisco

•	 Post-Construction Stormwater Ordinance: For 
combined sewer areas, requires the peak flow rate and 
volume to be less than pre-development conditions for 
the 1- and 2-year 24-hour design storm for sites less than 
or equal to 50% imperviousness. And peak flow rate and 
volume shall be decreased by 25% from the pre-develop-
ment conditions for the 2-year 24-hour design storm for 
sites greater than 50% imperviousness.

•	 Watershed Assessment: Started a collection system 
planning tool. The tool catalogs characteristics of each 
watershed and finds areas where problems may occur. 
The tool uses a detailed model to group packages of 
green and gray infrastructure projects. 

Nutrients Sediment Bacteria Metals Trash Other

Residential
33%

Other 
37%

Open space 
30%

Separate
10%

Combined
90%

Sewer System Type

Land Use

Participating Organizations: 
San Francisco Public Utilities Commission,
Port of San Francisco

2010 Census Population 806,000

Population Density (per square mile) 18,200

Population Growth (2000-10) >1.0%

Sanitary Sewer Pipes (incl. combined) 900 miles

Storm Sewer Pipes  
(Separate system only) NASeparate Combined City limits

Location

10 miles

SAN FRANCISCO BAY

PACIFIC 
OCEAN
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Sanitation District (SD-1), KY

OHIO

INDIANA

KENTUCKY
0 4020
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SANITATION DISTRICT NO. 1 OF 
NORTHERN KENTUCKY

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES Phase II MS4 Permit SD-1

EPA CSO and SSO Consent Order City of Erlanger

•	 Integrated Planning: Recommended by the consent 
decree and includes the development and implementation 
of watershed plans. Results indicated that runoff should 
be reduced by 80%.

•	 Injection Wells: Assessing injection wells to replenish 
groundwater. 

Nutrients Sediment Bacteria Metals Trash Other

Separate
94%

Combined
6%

Sewer System Type

Land Use

Participating Organizations: 
SD-1

2010 Census Population 284,000

Population Density (per square mile) 1,400

Population Growth (2000-10) >1.0%

Sanitary Sewer Pipes (incl. combined) 1,600 miles

Storm Sewer Pipes  
(Separate system only) 440 miles

Data not available

Separate Combined City limits

Location

15 miles
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Seattle, WA
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   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
NPDES Phase I MS4 Permit City of Seattle

EPA CSO and SSO Consent Order City of Seattle

•	 Integrated Plan: Approved by the state and EPA as 
satisfying the requirements in the City’s Consent Decree. 
The Integrated Plan defines structural stormwater control 
projects that will provide significant benefits beyond those 
achieved by the implementation of the approved CSO 
projects alone. The result includes a provision that some 
CSO projects will be deferred past 2025. Some of the 
Integrated Plan stormwater projects include:
–– Capitol Hill Water Quality Project – Four blocks of biofil-

tration swales ($11.3 million).

–– Venema Natural Drainage System – Five blocks 
of roadway to include natural drainage systems 
($7.6 million).

–– South Park Water Quality Project – Regional stormwater 
quality facility ($30 million).

–– Street Sweeping – 560 lane miles per year 
($2.0 million/year).

•	 Catch Basin Inspection: Inspected annually and fixed 
within six months if they do not pass inspection. Seattle 
has 22,000 catch basins in the MS4 areas.

Nutrients Sediment Bacteria Metals Trash Other

Separate
33%

Combined
67%

Sewer System Type

Land Use

Participating Organizations: 
City of Seattle – Public Utilities

2010 Census Population 609,000

Population Density (per square mile) 4,700

Population Growth (2000-10) >5.0%

Sanitary Sewer Pipes (incl. combined) 530 miles

Storm Sewer Pipes  
(Separate system only) 500 miles

Combined Sewer Pipes 1,020 miles

Residential
49%

Other 
43%

Open space 
8%

Separate Combined

Location

10 miles
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Washington, DC

VIRGINIA

MARYLAND

WASHINGTON DC

   Impairments &    TMDLs

Unique Features

Combined
33%

Residential
42%

Open space 
31%

Other 
27%

Separate
67%

Regulatory Requirement Administering Body
NPDES Phase I MS4 Permit Department of Energy and Environment

EPA CSO Consent Order DC Water

•	 Post-construction Ordinance Flexible Options: Pro-
vides an option to meet a portion of the 1.2-inch reten-
tion requirement through Stormwater Retention Credits 
(SRCs) that are purchased in a private market or through 
payment of in-lieu fee (ILF). An SRC is worth one gallon of 
retention for one year.

•	 Anacostia Trash Reduction Strategy: Implemented a 
ban on the use of foam products by organizations that 
serve food. 

•	 Anacostia River Clean Up and Protection Act (Bag 
Law): Requires all businesses selling food or alcohol 
to charge $.05 for each disposable paper and plastic 
carryout bag. The law allows businesses to keep $.01 (or 
$.02 if it offers a rebate when customers bring their own 
bag), and the remaining $.03 or $.04 is deposited into 
the Anacostia River Clean Up and Protection Fund which 
generates approximately $2,000,000 per year.

Nutrients Sediment Bacteria Metals Trash Other

Sewer System Type

Land Use

Participating Organizations: 
Department of Energy and Environment (D.O.E.E.),  
DC Water

2010 Census Population 602,000

Population Density (per square mile) 9,600

Population Growth (2000-10) >5.0%

Sanitary Sewer Pipes (incl. combined) 1,800 miles

Storm Sewer Pipes  
(Separate system only) 600 miles

Separate Combined

5 miles
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Toronto, Canada

T

LAKE ONTARIO
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   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
Data Not Available Data Not Available

•	 Wet Weather Flow Master Plan: Adopted a 25-year 
plan to improve the watercourse and waterfront health. 
The plan was estimated to cost $1 billion over 25 years 
($40 million per year). The plan includes:
–– Mandatory downspout disconnection program for com-

bined sewer areas.
–– Basement flooding protection subsidy program that 

provides financial subsidies of up to $3,200 for imple-
menting measures to prevent basement flooding. 

–– Green standard establishes parameters for greening 
surface parking lots and constructing green roofs. 

–– Don River and Central Waterfront projects include 
51 combined sewer overflows and 41 storm sewer 
discharges.

–– Comprehensive waterfront improvements.
–– Stream restoration projects in all six watersheds. 
–– Green roof policy stating that municipal buildings should 

have green roofs. To encourage property owners, a 
pilot incentive program to promote the construction of 
green roofs.

–– Tree planting strategy with a commitment to doubling 
the tree canopy in the next 30 years.

Nutrients Sediment Bacteria Metals Trash Other

Separate
77%

Combined
23%

Sewer System Type

Land Use

Participating Organizations: 
Toronto Water – Water Infrastructure Management

2010 Census Population 2,615,000

Population Density (per square mile) 1,100

Population Growth (2001-11) >1.0%

Sanitary Sewer Pipes (incl. combined) 2,318 miles

Storm Sewer Pipes  
(Separate system only) 3,095 miles

Combined Sewer Pipes 811 miles

Data not available

Location

15 miles

Separate (Data not available) 

Combined (Data not available)

City limits



152 UTILITY SNAPSHOT

Copenhagen, Denmark
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   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
Data Not Available Data Not Available

•	 Climate Change Adaptation Plan: Prepared innovative 
plan to adapt to climate change that considers: 
–– Increasing precipitation (mainly as rain)
–– More intense weather (cloudbursts, storms etc.)
–– Summers with dry spells interspersed by heavy thun-

derstorms
–– More rain in the weather (expected about a 30% 

increase)
–– Rising sea levels
–– Rising ground water levels

Nutrients Sediment Bacteria Metals Trash Other

Participating Organizations: 
City of Copenhagen - City Development

2010 Census Population 542,000

Population Density (per square mile) 17,700

Population Growth (2001-11) >5.0%

Sanitary Sewer Pipes (incl. combined) 626 miles

Storm Sewer Pipes  
(Separate system only) 72 miles

Separate Combined City limits

Location

5 miles

Combined
80%

Residential
37%

Open space 
32%

Other 
31%

Separate
20%

Sewer System Type

Land Use
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Melbourne, Australia

0 94.5
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MELBOURNE

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
Data Not Available Data Not Available

•	 Flood Management: Led the preparation of a flood 
management strategy for the Port Philip and West-
ernport region of Victoria, with coordination between 
38 organizations.

•	 Stormwater Management Pollutant Removal Goals: 
Council Land: 
–– 20% Reduction in TSS by 2020 from 2005
–– 15% Reduction in TP by 2020 from 2005
–– 30% Reduction in TN by 2020 from 2005
–– 30% Reduction in Litter by 2020 from 2005

•	 Water Sensitive Urban Design: Requires integrated 
water management plans for private development projects 
to include a performance evaluation that assess the net 
environmental benefit of each site design. 

•	 Stormwater Management Pollutant Removal Goals: 
Non-Council Land:
–– 20% Reduction in TSS by 2020 from 2005
–– 25% Reduction in TP by 2020 from 2005
–– 40% Reduction in TN by 2020 from 2005
–– 30% Reduction in Litter by 2020 from 2005

Nutrients Sediment Bacteria Metals Trash Other

Separate
100%

Sewer System Type

Land Use

Participating Organizations: 
Melbourne Water

2010 Census Population 4,050,000

Population Density (per square mile) 1,100

Population Growth (2001-11) >15%

Sanitary Sewer Pipes (incl. combined) NA

Storm Sewer Pipes  
(Separate system only) NA

Data not available

Separate

Location

City limits

3 miles
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Halifax, Canada

H

ATLANTIC OCEAN

ALIFAX

   Impairments &    TMDLs

Unique Features

Regulatory Requirement Administering Body
Data Not Available Data Not Available

•	 Integrated Resource Plan: Involved a long-term plan-
ning framework and conducting scenario analysis to pri-
oritize capital and operational programs needed to deliver 
water, wastewater, and stormwater services. A total cash 
expenditure of $108 million in stormwater expenditures is 
needed over the next 30 years.

•	 Stormwater Discharge Limits: Limits stormwater to not 
include floating debris, fuel, sewage, e-coli greater than 
200 colonies per 100 milliliters, and wash water from con-
crete trucks. Stormwater must have a BOD of less than 
15 mgl, pH between 6 and 9.5, phosphorus less than 0.4 
mgl, and suspended solids less than 15 mgl.

Nutrients Sediment Bacteria Metals Trash Other

Participating Organizations: 
Halifax Water

2010 Census Population 391,000

Population Density (per square mile) 3,500

Population Growth (2001-11) >1%

Sanitary Sewer Pipes (incl. combined) NA

Storm Sewer Pipes  
(Separate system only) NA

Separate Combined Regional Municipality 
limits

Location

30 miles

Combined
15%

Residential
9%

Open space 
37%

Other 
54%

Separate
85%

Sewer System Type

Land Use
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