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Abstract 

 

Reducing Combined Sewage Overflows: 

The Essentials of a Sustainable Stormwater Management Plan 

 

 

 

 

Zachary Elfonte Stern, MSCRP 

The University of Texas at Austin, 2011 

 

Supervisor:  Kent Butler 

 

This report examined efforts to manage combined sewage overflows and create 

effective stormwater management plans.  To provide background on the issue, a brief 

history of sewage management was provided, along with the legal history regarding 

water quality, sewage and CSOs, effects of CSOs and current green infrastructure 

methods for dealing with CSOs.  The report then compared the efforts of three cities – 

Portland, Oregon; Philadelphia, PA; and Chicago, IL – to improve water quality and 

manage CSOs and stormwater.  From the examination of the efforts of these cities the 

author derived a list of ten recommended elements for a CSO/stormwater management 

plan.  These recommended elements were then used to evaluate New York City’s 

recently released sustainable stormwater management plan and its prospects for success. 
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Chapter 1: Introduction 

BACKGROUND 

With the passage of the Federal Water Pollution Control Act of 1948 and 

subsequent revision and expansion of the law – commonly known as the Clean Water Act 

– in 1972, states and municipalities greatly expanded their efforts to improve water 

quality.
1
  The law mandated advances in wastewater treatment and required companies 

and local governments to more thoroughly treat their water before discharging it into 

local waterways, thereby removing chemical and biological pollutants from our nation’s 

streams, rivers, lakes, estuaries and oceans that would have previously flowed freely into 

these receiving bodies.   

Despite this, our nation’s waterways are still subject to the effects of pollution 

from the runoff generated from impervious surfaces.  That this runoff goes untreated 

before entering local waterways is the result of stormwater system designs that capture 

runoff and, without treatment, convey it directly to nearby waterways.  Many older cities 

feature sewer systems that combine stormwater runoff and sanitary wastewater (domestic 

sewage along with industrial and commercial wastewater) in a single pipe and send it to a 

wastewater treatment plant before it reenters local waterways.  This design is successful 

in removing pollutants from stormwater except in certain conditions; during heavy rains 

or snows, when precipitation has exceeded the capacity of the system, the combined 

stormwater and sewage is discharged, untreated, into local waterways.  These events, 

called combined sewage overflows (CSOs), are a significant source of pollution to the 

waterways of communities in which they are present. 

Located in 746 communities nationwide, CSOs are estimated to discharge 850 

billion gallons of untreated wastewater and storm water from 9,348 outfalls into the 
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nation’s waterways each year.
2
  

 

Illustration 1: Nationwide distribution of communities with CSOs.3 

New York City alone accounts for an annual average of 27 billion gallons of 

untreated discharge, spewing from 494 CSOs.
4
  This pollution renders New York’s 

waterways off-limits to recreational uses after even a slight rain.  In order to address this 

situation and bring its water quality in-line with federal and state regulations, the New 

York City Department of Environmental Protection (DEP) has proposed spending $2.2 

billion on in-line storage and end-of-pipe tanks to hold untreated effluent until it can be 

processed by a wastewater treatment plant.
5
  Even with this massive investment, though, 

the DEP has projected that the capture rate during wet weather flows will only increase 

from its current rate of 70% to 75%.  This amounts to a reduction of 5 billion gallons of 

untreated water, bringing New York’s total CSO load down to 22 billion gallons.
6
 

Critics of this end-of-pipe control method, including the Natural Resources 

Defense Council and Riverkeeper, point out that an investment of $2.2 billion in source 

control methods rather than in end-of-pipe technology would offer a much more 

significant reduction in CSO discharges in a more cost-effective manner, while 

conferring greater indirect benefits.
7
  The New York city council, in agreement with these 
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groups, passed legislation to amend the administrative code of the City of New York, 

effectively requiring the DEP to develop a sustainable stormwater management plan.
8
 

That plan, released in 2008 and entitled the Sustainable Stormwater Management 

Plan 2008 (SSWM), satisfies this legislation in addition to building upon the water 

quality goals outlined in New York's PlaNYC 2030, which serves as the comprehensive 

plan for New York.  The SSWM plan incorporates the $2.2 billion expenditure for end-

of-pipe controls, which the DEP has already begun construction on, but turns its focus to 

sustainable strategies for developing measures that control stormwater through source 

control methods. 

This paper aims to compare New York City's plan and related programs for 

stormwater management against the efforts of three other large American cities cited by 

the United States Environmental Protection Agency as national leaders in the 

development of CSO/stormwater mitigation policies utilizing source control 

methodologies: Portland, Oregon; Chicago, Illinois, and; Philadelphia, Pennsylvania. 

METHODOLOGY 

In order to provide an in depth understanding of the problems posed by 

stormwater and combined sewage overflows, this paper will give a brief summary of the 

history of wastewater treatment efforts from antiquity to the present.  The specific history 

of New York City’s stormwater and wastewater treatment infrastructure will also be 

discussed. 

A discussion of the regulatory framework covering water quality and combined 

sewage overflows/stormwater will follow, with an emphasis on the Clean Water Act and 

subsequent legislation that is currently at the heart of the efforts of many American cities 

to mitigate CSO and SSOs.   
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Next, the paper the explore the impacts posed by combined sewage overflows and 

stormwater – including the environmental impacts, fiscal impacts and public health 

impacts – all of which are closely interconnected. 

To give an idea of the various technologies that make up the toolbox of 

sustainable stormwater management, this paper will review the most prominent source 

control/green infrastructure strategies and technologies in use today along with a 

description of the technology, how the technology works, how well it performs, its cost, 

and appropriate locations for implementation. 

Once this background information has been covered the paper will discuss the 

three model cities with a brief history of each city’s wastewater treatment infrastructure 

followed by a review and critique of their publicly available sustainable stormwater/CSO 

mitigation plans.  Plans and programs that provide supplemental support to the goal of 

stormwater/CSO reduction will be included in the review.  Interviews with municipal 

employees engaged in implementing CSO/stormwater mitigation programs will be 

included to provide an insider’s perspective on the efforts to draft plans, measure the 

success of implementation to date, and provide information not readily accessible to the 

public.   

Based on the review and critique of the three model cities’ plans and programs, a 

list of policy recommendations for the development and deployment of a successful 

CSO/sustainable stormwater management will be developed.  These policy 

recommendations will then be applied to New York City’s Sustainable Stormwater 

Management plan in an effort to judge the potential effectiveness of this document. 

Information will be gathered from municipal agency websites, relevant academic 

and technical journals, professional association websites, and advocacy groups. 
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Chapter 2: History of Wastewater Treatment 

WASTEWATER TREATMENT IN ANTIQUITY 

The development of wastewater management systems mirrors the complexity of 

societal arrangements in particular geographical areas throughout history.  As hunter-

gatherers, humans could deposit their excreta anywhere (though one would assume a fair 

distance from wherever they were residing at the moment) without the need for treatment.  

The mobility of these groups ensured that feces and urine would never be too 

concentrated in any one area to cause ill effect. As the feces and urine decomposed it 

aided in fertilizing the ground on which is was deposited.   

With the settlement of humans into villages and cities, this method of disposal 

became problematic.  To avoid outbreaks of illness the civilizations of antiquity 

developed novel and often complex means of waste management.  The cities of the Indus 

Valley during the third millennium BC featured storm drains that were either dug out of 

the earth or raised from the ground using burnt brick.  These drains would serve both for 

stormwater and wastewater.  In Mesopotamia, the Babylonians and Assyrians built 

drainage systems constructed of brick and asphalt.  These were connected to vaulted 

sewers that were contained within households.  Examples similar to these systems were 

also present in ancient Persia and Greece, with the Greek Minoans having developed a 

variation on the toilet.
9
 

In many parts of East Asia human waste was not disposed of at all, but rather 

composted and used as fertilizer, a practice that is still used today in parts of China and 

Vietnam.  In pre-industrial Japan this practice had become so systemized that night soil, 

as human waste was euphemistically called, was collected from the cities by 

monopolistic guilds and associations that sold the fertilizer at a controlled price to 
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farmers in outlying agricultural areas.
10

 

The Romans constructed what was perhaps, until the 1800s, one of the most 

sophisticated sewage systems in the world.  This system included large underground 

conduits that linked together to form a network of sewers draining the lowland areas of 

Rome.  Built to transmit runoff, stormwater, and unused municipal water from the Roman 

system of aqueducts, this system of sewers – the largest of which, the Cloaca Maxima 

drained the lowland area of Rome near the Forum to the Tiber River – also served the 

purposes of waste disposal.
11

 

THE EUROPEAN MIDDLE AGES 

With the fall of the Western Roman Empire in the fifth century AD there was a 

massive depopulation of urban areas throughout Europe.  Without the people and the 

government to maintain services, municipal sewer systems fell into neglect and 

disrepair.
12

  This preceded a return to more primitive methods of waste disposal.  Because 

the systems of aqueducts no longer brought water to people, people moved to areas with a 

readily available water supply.  Rivers, lakes and streams, while providing drinking 

water, also served as the depository of human waste.  In the remaining urban areas, a 

stormwater ditch was often was dug down the center of the road and served the residents 

waste-removal needs.
13

 In both areas, the ultimate destination for waste was the nearest 

body of water.  This led to the contamination of available water supplies and over time 

resulted in a move towards drinking alcohol, particularly a drink called small beer, rather 

than water.  Small beer – made from the second of third pressing of the brewing process – 

had a low alcohol content meaning it could hydrate the consumer.  The brewing process 

along with the alcohol content killed pathogens assuring its safety.  This small beer 

became so prevalent in the Middle Ages that not only were field laborers given the drink 
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but children as well.
14

 

THE MOVE TOWARDS MODERN WASTEWATER TREATMENT 

It would not be until the late 18
th

 century and early 19
th

 centuries that significant 

improvements in sewage systems were made throughout Europe and North America.  

The impetus behind the development of more sophisticated means of dealing with sewage 

was the recurring outbreak of waterborne illnesses such as cholera and typhoid in urban 

areas – the result of fecal contamination of drinking water.  In the cholera outbreak of 

1832, 3,515 New Yorkers died out of a population of 250,000.  In 1849 another outbreak 

hit New York causing the deaths of over 5,000 people.
15

 Across the Atlantic an outbreak 

of cholera in London led a physician by the name of John Snow to conduct an 

epidemiological study whereby he mapped clusters of infection.  This exercise eventually 

led him to a water pump which had been the receptacle for baby diapers.  Upon removal 

of the lever, which prevented access to the well-water, new infections ceased.  This study 

demonstrated the means by which disease could transmit through polluted waters and 

pointed the way towards eliminating disease through proper sanitation.
16

 

An early step in the development of a sewage system was the creation of the privy 

vault or cesspool, which consisted of a hole dug beneath the home.  Waste would drop 

into this hole and filter through the surrounding ground.  However, with increasing 

population density this method led to the contamination of ground water and sickness.  In 

some cases these privy faults were lined, preventing the excreta from seeping into the 

ground, though this system required constant maintenance to remove the accumulated 

droppings.
17

 

SEWAGE CENTRALIZATION 

By the mid 19
th

 century these systems gave way to centralized systems of 
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wastewater management characterized by the water-carriage sewer system.  This 

development was made possible by the construction of piped-in water systems that 

brought running water to private homes, providing the large amount of water needed to 

carry waste away from the home.  Initially, the waste and water were fed into the existing 

privy vault but these quickly became inundated creating a health hazard.  Other 

households piped their wastewater into the existing stormwater system, which consisted 

of ditches along the street.  This also created a health hazard.  City planners and engineers 

were then faced with a dilemma: where to dispose of the human waste.
18

 

Beginning in Europe, with adoption by American counterparts coming shortly 

thereafter, water-carriage sewer systems quickly gained favor as the safest and most 

efficient way of getting rid of wastewater.  Just as pipes brought water in, a new set of 

pipes could bring waste out.  The adoption of these systems not only had the approval of 

the populace who would now be relieved of the duty of cleaning out a privy vault, but 

also the political classes who saw the possible savings of a centralized system over a 

localized one.
19

 

COMBINED SEWAGE SYSTEMS VS. SEPARATE SEWER SYSTEMS 

As the decision was made to adopt centralized sewer systems a debate sprung up 

between planners over whether to use a combined sewage system (CSS) where residential 

sewage, industrial wastewater and stormwater entered the same system of pipes, or a 

separate sewage system (SSS) that provided distinct conduits for wastewater and 

stormwater.  Many cities initially favored the CSS because of the perceived lower cost of 

needing to build only one set of pipes.  Over time, though, improvements in pipe 

construction – new clay pipes were less porous and could be smaller than their brick and 

wood predecessors – diminished the cost differential between CSSs and SSSs.  In 



 9  

addition, the disposal method of the CSS, dumping stormwater and wastewater into 

nearby waterways, meant that many cities were pushing their sanitary problems 

downriver to the next community.  With SSSs, stormwater would flow into waterways 

while sewage could be treated through a variety of methods that were quickly becoming 

available.  Moreover, separate sewer systems flowed more quickly than combined sewer 

systems, so the waste did not sit in the pipes waiting for a rain to flush them out.  Thus, 

the SSS became the system of choice for many developing cities in the late 19
th
 and early 

20
th
 century.  The advent of centralized wastewater treatment also encouraged SSSs 

because the facilities had to treat a smaller volume of waste than with a combined sewer 

system, notably during wet weather conditions.
20

 Despite the eventual preference for 

separate sewer systems, older cities that had already begun to invest on combined sewer 

systems continued to do so in already developed areas and maintain these systems to this 

day.  Currently 746 American municipalities have combined sewage systems, though 

these are concentrated in older cities in the Northeast, Pacific Northwest and the Great 

Lakes region.
21
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Chapter 3: Case Study – New York City 

Developments in the wastewater treatment process made considerable headway 

around the turn of the century (19
th

 to 20
th
) with the application of various treatment 

techniques such as land, chemical and biological treatment, in addition to the construction 

of centralized wastewater treatment facilities.   

In New York – which to this day relies on a combined sewage system to treat 

most of its wastewater – the first wastewater treatment plants were built in Coney Island 

and Jamaica Bay – popular beach destinations – in the late 1890s and early 1900s as a 

response to decreased water quality and an understanding of the link between sewage 

outflows and water borne illnesses.  Between 1935 and 1945 three new plants were built, 

one of which utilized the activated sludge treatment of sewage.  In all, over the next 70 

years, New York saw the creation of a total of 12 sewage treatment plants.
22

 However, 

despite the proliferation of sewage treatment, most of these plants did not go beyond the 

primary treatment of sewage, which removes the solids from the liquid portion of 

wastewater.  The solids removed are called sludge which, until 1972 and the passage of 

the Clean Water Act, were dumped into New York’s rivers and harbors.  The Clean 

Water Act declared that wastewater treatment facilities around the country were 

mandated to provide at least secondary treatment of sewage, which breaks down the 

solids further, and removes 85% or more of pollutants from treated sewage.
23

   

Even with this federal mandate, New York continued to dump is sludge into the 

ocean until 1992, when it was threatened with federal action.  At the same time, the City 

was only capturing 30 percent of the sewage that was passing through its system, with the 

remaining 70 percent entering nearby waterways via CSOs.  In 1992 the state government 

and two years later the EPA forced the City to agree to a timetable for reducing the 
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amount of sewage being dumped by building greater treatment capacity.  During this 

time, the City improved its capture rate from 30 to 70 percent.  The Clean Water Act, 

however, calls for a wet-weather capture rate of 85 percent.
24
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Chapter 4: The Regulatory Framework 

THE CLEAN WATER ACT 

The passage of the Federal Water Pollution Control Act of 1948 along with its 

subsequent amendments in later years – particularly the expansion of the Act in 1972 – 

marked a significant turning point in the health of U.S. waterways.  The act’s stated goal 

that ―the discharge of pollutants into navigable waters be eliminated by 1985,‖ set an 

ambitious standard, though that standard has yet to be met.
25

  In its effort to end the 

discharge of pollutants into the nation’s navigable waters, the act empowered the United 

States Environmental Protection Agency (EPA) with ―the authority to implement 

pollution control programs such as setting wastewater standards for industry,‖ setting 

―water quality standards for all contaminants in surface waters,‖ in addition to making it 

―unlawful for any person to discharge any pollutant from a point source into navigable 

waters, unless a permit was obtained under its provisions.‖
26

  The act also provided funds 

for the construction of sewage treatment plants and planning studies to address the 

problems posed by non-point source pollution. 

For many of the nation’s cities and towns the Clean Water Act served to 

significantly improve the health of local waterways.  Whereas many of the nation’s lakes 

and rivers were once considered unfit for human contact, waterways such as New York’s 

Hudson River
27

 and Boston’s Charles River are now host to occasional swimming 

competitions,
28

 and the prospect of rivers such as Ohio’s Cuyahoga catching fire are 

remote.
29

 

Non-Point Sources 

Despite all the steps the U.S. has taken to improve the quality and safety of its 
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waterways, the vast majority of waterways have not met the first goal of the CWA –that 

is, to no longer serve as the destination for the discharge of pollutants.  While the scope 

of the CWA was aimed at eliminating the most obvious sources of point source pollution 

such as industrial factories and municipal sewage treatment plants, addressing non-

traditional point sources and non-point sources of pollution was not addressed initially.
30

  

This is due in part to the nature of these sources of pollution and the difficulty in finding 

a single responsible party upon whom a corrective course may be imposed for the 

discharge of these pollutants.
31

 

CSOs and Stormwater 

This phenomenon is particularly acute in the case of combined sewage overflows 

(CSOs) and runoff from municipal separate storm sewer systems (MS4s) also known as 

separate sewer systems.
32

  These systems, while technically constituting point sources of 

pollution because they have an identified point of discharge, receive their contents from 

multiple input sources and deposit those contents at numerous outfalls.  While MS4s, 

which separate stormwater and raw sewage into distinct pipelines, discharge only 

stormwater into receiving waters, during wet weather flows – events that involve 

significant precipitation and associated runoff – CSOs, which combine both stormwater 

and raw sewage, discharge both polluted stormwater and untreated effluent into nearby 

waterways during those same wet weather flows.  Unlike traditional point sources of 

pollution, the responsible parties in these cases include not only the municipality whose 

sewer system directs these overflows to receiving water bodies, but residents, businesses 

and landowners who utilize the municipality’s water supply, create runoff through the 

proliferation of impervious cover associated with land development, and direct their 

rooftop runoff directly to the sewer system.  The systemic nature of these sewage 
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overflows consequently poses a set of challenges to water quality control that the original 

CWA was not designed to address. 

Amendments to the Clean Water Act 

In recognition of this problem, Congress amended the CWA in 1987 to allow the 

EPA to implement a comprehensive national program to address stormwater discharges.
33

  

This permitting process – which falls under the jurisdiction of the National Pollutant 

Discharge Elimination System (NPDES), itself a feature of the original CWA – does not 

prohibit municipalities from continuing to discharge pollutants, but rather sets limits on 

the amount of various pollutants that a source can discharge in a given time.
34

 However, 

due to the variability in rainfall and the volume of associated pollutant discharges, the 

NPDES does not, as it does with other point sources of pollution, place limits on the type 

and amount of particular pollutants being discharged from a given stormwater outfall.  

Instead the NPDES issues a citywide permit requiring a municipality to implement a 

series of strategies to minimize the overall discharge and pollutant loads.
35

 

CSO Policy 

In an effort to specifically target CSOs, the EPA’s Office of Water issued the 

National Combined Sewage Overflows Control Strategy in August of 1989 confirming 

that CSOs were subject to the standards of the CWA and fell under the jurisdiction of the 

NPDES.  The implementation of this strategy was hastened in 1991 with the development 

of a CSO Control Policy that provided guidance to municipalities while outlining a series 

of strategies that municipalities were required to implement immediately in order to 

fulfill the requirements of the permitting process.   

Nine Minimum Controls 

These strategies, known as the Nine Minimum Controls (NMC), are ―controls that 
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can reduce CSOs and their effects on receiving water quality, do not require significant 

engineering studies or major construction, and can be implemented in a relatively short 

period.‖
36

  While the NMCs, as stated, are general guidelines, they are made more 

specific on a permit-by-permit basis.  The NMCs include: 

1. Proper operation and regular maintenance programs for the sewer system and 

CSO outfalls. 

2. Maximum use of the collection system for storage. 

3. Review and modification of pretreatment requirement to ensure that CSO impacts 

are minimized. 

4. Maximization of flow to the POTW for treatment. 

5. Elimination of CSOs during dry weather. 

6. Control of solid and floatable materials in CSOs. 

7. Pollution prevention programs to reduce contaminants in CSOs. 

8. Public notification to ensure that the public receives adequate notification of CSO 

occurrences and CSO impacts. 

9. Monitoring to effectively characterize CSO impacts and the efficacy of CSO 

controls.
37

 

Long-Term Control Plan 

Once the NMCs have been implemented, municipalities are then required to 

develop a Long Term Control Plan (LTCP) to further address CSOs beyond the 

benchmarks attained through implementation of the NMCs.  Development of a LTCP 

involves three steps: system characterization, development and evaluation of alternatives, 

and selection and implementation of the controls.
38

  These three steps must address nine 

more specific elements at some point during the development process, which include: 
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1. Characterization, monitoring, and modeling of the combined sewer system 

2. Public participation 

3. Consideration of sensitive areas 

4. Evaluation of alternatives to meet CWA requirements using either the 

"presumption approach" or the "demonstration approach" 

5. Cost/performance considerations 

6. Operational plan 

7. Maximizing treatment at the existing POTW treatment plant 

8. Implementation schedule 

9. Post-construction compliance monitoring program.
39

 

 Ultimately, the LTCP will be reviewed and approved by the local permitting 

authority, generally the state environmental agency.
40

 In the case of New York City, the 

state Department of Environmental Conservation (DEC) coordinates with the City’s 

Department of Environmental Protection (DEP) – which is responsible for New York’s 

drinking water and wastewater system – to craft the LTCP.   

NEW YORK CITY NON-COMPLIANCE 

Despite passage of the CSO Control Policy in 1991, New York City and the DEP 

did not begin to develop a LTCP until 2004 when the City was issued a consent order by 

the state for violating both the state and federal permitting process.  Under the consent 

order the City was not only ordered to develop a LTCP but to pay penalties of $1.5 

million, contribute $2 million to improve the quality of receiving water, and pay for 

additional DEC staff to provide oversight and compliance with the order.  Most 

importantly the order forced the city to propose over 30 citywide capital projects that 

would bring the City’s wet weather capture rate of stormwater flows to 75 percent from 
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70.
41

 The cost of those improvements is projected to come to $2.2 billion.
42

  Ultimately, 

though, the City’s LTCP is not due until 2017.
43

 

New York is not unique in its failure to comply with the CWA.  Nationwide only 

59 percent of communities have LTCPs and virtually all of their CSOs overflow when it 

rains.
44
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Chapter 5: Impacts of Combined Sewage Overflows 

Combined sewage overflows impact everything that depends on water: fish, 

waterfowl, aquatic invertebrates, aquatic plant-life, humans, and ultimately whole 

ecosystems.  Due to the intertwined nature of many of these issues, it is difficult – if not 

overly simplistic – to break up the impacts of CSOs into environmental impacts, 

economic impacts, and human health impacts.  It is the environmental impact that 

precedes both economic and human health impacts.  But for illustrative purposes, this 

paper will discuss CSO impacts in the previously mentioned breakdown and order. 

ENVIRONMENTAL IMPACTS 

The untreated sewage and storm-water discharged from CSOs contain many 

pollutants including microbial pathogens, oxygen-depleting substances (BOD5), 

suspended solids (TSS), toxic substances, nutrients, and floatable materials.
45

 

Microbial Pathogens 

Harking back to the days when water sources, contaminated with animal and 

human feces, spread disease throughout urban populations, the raw sewage that is 

discharged today into waterways also contains a variety of pathogens including more than 

120 enteric (intestinal) viruses in addition to non-enteric viruses such as hepatitis, 

poliovirus, and coxsackie virus; bacteria such as E. coli Campylobacter, Salmonella, 

Shigella, Vibrio cholerae, and Yersina; and a variety of protozoan parasites like Giardia, 

Cryptosporidium, and Entamoeba.
46

 

Organic Matter 

Organic matter also finds its way into raw sewage and stormwater.  Once there it 

begins to decay.  This process of decay takes place when bacteria consume organic 
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matter along with large amounts of oxygen.  When large quantities of organic matter 

make their way into receiving waterways, the available oxygen in that waterway is 

decreased through this process of decay, creating a harmful or fatal environment for other 

forms of life.
47

  Similarly, when large concentrations of nutrients, such as nitrogen and 

phosphorous – which are present in fertilizer and raw sewage – are dumped into 

waterways, organisms such as algae feed aggressively on this food source and experience 

a boom in population.  At high levels some species of algae are toxic to humans who can 

ingest them through eating contaminated fish and shellfish.  At the same time, the algae 

consume large quantities of oxygen in the water depleting the water of available oxygen 

for fish and other forms of life.
48

 

Suspended Solids 

Also damaging to the ecology of waterways are suspended solids present in CSO 

discharges.  Suspended solids consist of either animal matter, plant matter, silt, or waste 

from industrial processes.  These solids do not dissolve in water; rather they sink to the 

bottom of the receiving waterway negatively altering animal habitat by creating 

conditions that disrupt reproduction of aquatic species or directly impairing the 

physiological functions of aquatic life.
49

  While this occurs below the surface, floatable 

materials that enter the storm sewer system and are discharged through CSOs, such as 

plastic bags, sanitary products, and other street detritus, can also harm wildlife in addition 

to negatively affecting the aesthetics of an effected area.
50

 

Toxics 

Perhaps the components of CSOs most damaging to humans (along with 

microbial pathogens) are toxic materials that enter waterways through CSOs.  These 

include heavy metals, synthetic chemicals and hydrocarbons (e.g. oil and petroleum 
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products).  Once in the waterway, these materials prove dangerous to the wildlife living 

in and around the water, including humans who live nearby and either come into contact 

with the water or are exposed to the toxins through an indirect means, such as eating 

contaminated seafood.
51

 

The presence of these pollutants in the nation’s waterways poses a serious threat 

to the wildlife that calls these waterways home.  However, the threat to life and habitat 

presented by these pollutants not only takes its toll on wildlife, but also seriously affects 

both the health and economic well-being of human communities.   

ECONOMIC IMPACTS  

By reducing fish and shellfish stocks and contaminating the remaining stocks of 

these creatures, water pollution harms both the health of the consumers of fish as well as 

the fishing industries that depend on the quality and availability of fish stocks.  While the 

extent to which fish stocks are impacted by CSOs, rather than other sources of water 

pollution, is somewhat debatable – due to the mobile nature of fish compared with the 

fixed location of CSOs and the infrequency with which CSO events occur – there is little 

debate over the effect that CSOs have on shellfish stocks.
52

  

Impacts to the Shellfish Industry 

Shellfish harvesting on both a recreational and commercial scale is regulated in 

order to assure consumer safety.  To this end the National Oceanographic and 

Atmospheric Administration (NOAA) maintains a national registry of classified shellfish 

growing waters which provides an assessment of 4,230 shellfish growing areas in 21 

coastal states, covering 24.8 million acres.
53

  Growing areas are classified into one of 

three categories ranging from ―approved‖ or ―conditionally approved‖ – areas where 

harvesting is permitted under normal conditions – to ―restricted‖ or ―conditionally 
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restricted‖ – where harvesting is permitted but shellfish are subject to a purification 

process before distribution  – and ending with ―prohibited‖ – in which no shellfish may 

be harvested.
54

  In NOAA’s most recent report, published in 1997 and reporting on data 

gathered in 1995, 76 percent of classified waters were assessed ―approved‖ or 

―conditionally approved‖, while 11 percent were classified ―restricted‖ or ―conditionally 

restricted‖ and 13 percent were classified ―prohibited.‖ Of the areas classified as ―harvest 

limited‖ (those categories other than ―approved‖) 72 percent were limited due to water 

quality issues.
55

  More updated information is available from state environmental 

agencies with jurisdiction over water quality, but such detail goes beyond the scope of 

this report. 

The greatest water quality impediment to harvesting was contamination by fecal 

coliform bacteria, present in untreated wastewater, and waste from livestock and wildlife.  

The top five sources of this pollution in classified growing areas were: urban runoff 

which effected 40 percent, upstream sources which effected 39 percent, wildlife which 

effected 38 percent, individual wastewater treatment systems which effected 32 percent 

and large scale wastewater treatment plants which effected 24 percent.
56

 

Building upon this data the EPA matched their database of CSO outfalls with 

NOAA’s classified shellfish growing areas.  The results showed that 659 classified 

shellfish growing areas fell within 5 miles of a registered CSO outfall.  Of those 659 

areas, 411 were classified as prohibited, 80 were restricted, 154 were approved and 14 

were unclassified.
57

 

In spite the problem posed by coastal water pollution the shellfish industry saw 

overall acreage of classified shellfish growing areas increased from 1990 to 1995 by 2.1 

million acres.  However, this growth is due primarily to an increase in the classification 

of non-estuarine waters.  These growing areas are outside of estuarine areas and may 
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extend seaward up to three miles, thereby avoiding the problems of coastal pollution, 

particularly sewage outfalls and other point sources of pollution.  In fact, the total acreage 

of classified estuarine growing areas actually fell between 1990 and 1995 by 721,000 

acreages from 15.3 million.  In addition, of those areas classified as harvest-limited there 

was a 10 percent decrease in the classification of prohibited areas along with a 10 percent 

increase in restricted areas between 1990 and 1995.
58

  This suggests that the presence of 

more permanent sources (e.g. industrial and municipal waste) of pollution decreased – 

perhaps reflecting the implementation of policies resulting from the CWA – while also 

indicating that sporadic sources of pollution are on the rise.   

The potential financial impact that would come with either improving or 

degrading the waters is significant.  At stake is an industry that in 2008, according to the 

U.S. Fisheries Service, brought in 290 million lbs. of catch with a value of roughly $786 

million (this only includes oysters, clams, scallops and mussels).
59

  As of 1995, NOAA 

deemed that of the 24.8 million acres under classification, 5 million of those acres 

deemed harvest limited had potential for an upgrade to a classification of approved.
60

  

But while gradual improvements in water quality allow greater use of coastal waters for 

shellfish growing areas, infrequent events do occur that demonstrate the degree to which 

water quality can have a devastating effect on the fisheries and local economies.  In 2005, 

a harmful algae bloom (HAB) also known as a red tide spread from the Gulf of Maine 

down through Massachusetts causing the cessation of shellfish harvesting for several 

months.  The cost to the seafood industry was conservatively estimated to be $2.7 million 

a week,
61

 with Massachusetts incurring $18 million in direct economic impacts.
62

 

Researches hypothesized that the ―abnormally large bloom was instigated by elevated 

rainfall and snowmelt in the Spring followed by two unusually late Nor'easters in May‖ 

which helped spread the bloom down coast, ―while increased runoff likely fueled the 
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outbreak by creating ideal conditions for growth.‖
63

 

Recreational/Tourism Impacts 

Red tides and other forms of water pollution not only affect the fishing industry 

but the coastal recreational economy as well.  Every year Americans make 1.8 billion 

trips to our nations’ oceans, rivers, and lakes to swim, fish, boat and engage in other 

recreational opportunities.  The economic benefit associated with this activity is 

significant, accounting for the creation of 1.67 million jobs that brought in $13.8 billion 

in wages in 2000 and accounting for $29.5 billion in overall economic activity.
64

  In fact, 

water related activities are so popular that of all the tourism revenue generated in the U.S. 

in 2000, 85 percent occurred in coastal states.
65

   

This revenue is threatened, though, by increased beach closings throughout the 

nation brought on by water pollution.  From 2005 to 2006 beach closings and advisory 

days for beaches at ocean, bay and Great Lakes beaches increased 28 percent to 25, 643.  

This represented the highest level of beach closures in the 18 years since monitoring has 

taken place, and is most likely explained by the high level of rainfall experienced 

throughout the country.
66

 2006 to 2007 saw a drop in the number of beach closings to 

22,571.  However, this number represented the second highest level of beach closings 

ever recorded.
67

   

The majority of beach closings and advisories in 2007 were caused by monitoring 

that detected bacteria levels exceeding beach water quality standards – which accounted 

for 71 percent of closings, an 8 percent increase from the previous years – and 

precautionary closings precipitated by heavy rainfalls – which accounted for 25 percent 

of closings, down 8 percent from the previous year.  While the majority of the sources of 

pollution were unknown (54 percent) in the previous year, that percentage dropped to 33 
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percent between 2006 and 2007.  Polluted runoff, storm-water discharges, and 

preemptive measures precipitated by heavy rainfalls, were responsible for 40 percent of 

the beach closings in 2007, with another 16 percent attributable to sewage spills and 

overflows.
68

  The region with the greatest increase in beach closings between 2005 and 

2006 was the New Jersey and New York coastline, which saw a 96 percent jump in beach 

closings and advisory days.
69

  The New York/New Jersey region again experienced an 

increase in beach closings in 2007, from 1,093 to 1,455 – a 33 percent increase.
70

 

HEALTH IMPACTS  

These beach closings are mandated in order to minimize the impacts of water 

pollution on human health.  As discussed earlier, CSOs and other forms of runoff and 

discharge release both toxic substances – such as heavy metals and chemicals – and 

disease-causing pathogens – such as bacteria, viruses and parasitic worms – into 

waterways.  While the EPA has been unable to quantify the extent to which CSOs are 

directly linked to human illness, the agency employed an alternative method to estimate 

the annual number of illnesses caused by recreational exposure to CSOs and SSOs.  The 

EPA’s results indicate that, at beaches using management approaches approved by the 

EPA (a subset of the overall universe of beaches) CSOs and SSOs cause between 3,448 

and 5,576 illnesses a year.
71

  Because the EPA model does not count all beaches, this 

estimate is most likely an undercount of the total number of annual illnesses.
72

 

Pharmaceuticals in the Water 

Though no direct link has been made between water-borne illnesses caused by 

contaminated drinking water supplies and CSOs/SSOs, the EPA performed an analysis 

that identified 59 CSO outfalls nationwide that were within 1 mile upstream of a 

municipal water intake.  Of these 59, seven were found in New York State.
73

  Due to 
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modern methods of filtration and treatment, it is unlikely that microbial pathogens can 

enter the drinking water supply.  However, water and wastewater treatment plants do not 

filter out pharmaceutical drugs, steroids and hormones, which have been found in 

municipal drinking water supplies – these drugs being first ingested then excreted and 

traveling through local sewer lines – in low levels.
74

  In addition, the pharmaceutical 

industry is estimated to dump 250 million pounds of unused or expired pharmaceuticals 

down the drain a year.
75

 Though not immediately harmful, long-term exposure to these 

drugs may have harmful effects on humans. 

Eating Contaminated Seafood 

As discussed earlier, CSOs and SSOs have a deleterious effect on aquatic flora 

and fauna.  These effects can rise through the ecological chain and affect humans as well.  

Along with harmful algae blooms, which can prove toxic and even fatal to humans, there 

is also the chance of food poisoning from shellfish that have been exposed to microbial 

pathogens (as filter feeders, shellfish are common vectors for disease transmission).  The 

toxic contents of CSOs and SSOs – such as heavy metals – build up in the fatty tissues of 

shellfish and fish which, when consumed by humans, can also accumulate in the human 

body potentially causing illness.  This is of particular concern in New York City where 

many newly arrived immigrants and people of lesser means fish the City’s waterways and 

eat their catch, despite advisories warning not to eat particular species and to eat others 

only sparingly.
76
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Chapter 6: Source Control Strategies 

To mitigate against stormwater overflows, municipalities can employ large 

infrastructure items such as additional in-line storage or CSO storage tanks.  Both of 

these items allow for greater storage within the sewage system; however, they are 

expensive and hard to site owing to their size and the restraints imposed by building in 

urban areas.77  For example, New York City’s investment of $2.1 billion will bring about 

a 20% reduction in CSO discharges.  However, NYC’s Department of Environmental 

Protection estimates that further financial investment will bring diminishing returns, 

ruling out drastic cuts in volume to CSO discharges.78   

GREEN INFRASTRUCTURE 

Another approach is to employ decentralized source control strategies to capture 

and manage storm-water.  These strategies are also known as low impact development 

(LID) strategies (more often used in terms of new development), ―green infrastructure‖, 

or best management practices (BMPs).  Source control strategies are defined as those that 

slow or prevent rain or snow from entering the storm-water system through the detention, 

retention or infiltration of storm-water.  These strategies are deployed in a decentralized 

manner throughout a community and can be employed by individual households or 

business on a lot-by-lot basis.  Examples of particular source control technologies include 

redirected roof leaders, storm-water infiltration systems, rain gardens, storm-water 

wetlands, rainwater harvesting and reuse systems, and rooftop detention systems, 

distributed throughout the landscape.79  For the purposes of this paper, the source control 

technologies examined in further detail are those given particular attention in New York 

City’s PlaNYC2030 Stormwater Management Plan; they are rooftop detention systems 

(green roofs/blue roofs), redirected roof leaders (downspout disconnection and rainwater 
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harvesting), porous pavement, and vegetative controls (rain gardens, street trees, grass 

swales).  While some other source control technologies, such as storm-water wetlands, 

have already been deployed with success in New York City (most notably Staten Island’s 

Bluebelt), the four categories mentioned above have the greatest applicability for large-

scale deployment throughout the City, owing to the relative ease with which they can be 

retrofitted to the existing built environment, as opposed to more land-intensive 

technologies such as storm-water wetlands. 

Below is a description of the four main source control strategies under 

investigation. 

Green roofs 

A modern green roof incorporates the basic structural elements of a conventional 

roof but adds some type of vegetative cover.  Green roofs have existed in various forms 

for thousands of years and were traditionally used to provide insulation to a home, such 

as sod roofs, or for purely aesthetic reasons like the Gardens of Semiramis in ancient 

Syria.80  Generally, modern green roofs are broken into two categories: extensive and 

intensive.  The extensive roof represents the more functional variety, its purpose 

primarily being for thermal insulation and storm-water management.  Intensive roofs 

provide these benefits as well, along with added functional amenities.  Both types of 

green roof generally consist of a high quality water proofing and root repellant system, a 

drainage system, filter cloth, and a growing medium which is planted with some form of 

vegetation.81  While extensive green roofs have a much shallower growing medium and 

likely one or two species of vegetation – such as grass or sedum – an intensive roof will 

have a much deeper growing medium that can support a wider variety of plants, including 

some species of trees.82   
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The benefits of a green roof over a standard construction roof depend on building 

type, including the height and bulk of the building as well as its use.  Commonly cited 

benefits include: reduced heating and cooling costs resulting from a reduction in 

temperature fluctuation provided by the insulating effects of the roof; sound insulation; 

increased roof lifespan due to the reduction in UV damage experienced by roofs with 

standard construction; reduction in the ―urban heat-island‖ effect; and reduction in storm-

water runoff.  For larger buildings, the ameliorative effects of green roofs on heating and 

cooling costs are likely diminished due to the decreased ratio of roof area to total building 

square footage.83 

The major downside of green roofs compared with roofs of standard construction 

is cost.  Green roofs vary in cost depending on materials used and whether they are 

extensive or intensive – extensive roofs vary from $10-$24 a square foot – with intensive 

roofs being more expensive than extensive roofs.84 This is compared with $3-$9 for 

conventional roofs.85  In addition, some green roofs require more maintenance than a 

conventional roof to ensure that the vegetation does not die, though this is more so the 

case with intensive roofs which contain many plantings rather than extensive roofs which 

are often planted with drought resistant vegetation that helps to reduce the amount of 

maintenance needed.  The upside, in terms of overall maintenance, is that a green roof 

has an average lifespan twice as long as a conventional roof, making the green roof 

cheaper in the long term.86 

Other barriers to green roof installation include the pitch or slope of the roof and 

the weight bearing capacity of the roof.  Extensive green roofs can be built on roofs up to 

45 degrees (25% angle) in slope.87  However, the storm water retention performance of a 

green roof is optimal on a roof with a 2% angle.88  This means that green roofs, insofar as 

storm water retention is concerned, are most appropriate for buildings with flatter rather 



 29  

than steeply pitched roofs, which excludes many suburban-style single-family homes.   

For existing buildings, installation of a green roof may be complicated by the 

building’s engineered load-beating capacity.  Beyond the drainage and water-retention 

membrane layers, an extensive green roof typically has a growing-medium between 1 and 

7 inches deep.  This can add an additional 15 lbs. per square foot to the roof.  Intensive 

green roofs may have a soil-medium between 8 inches and 4 feet deep, weighing up to 

150 lbs. per square foot.89  For a building that was not designed to support heavy loads, 

this added weight would cause serious structural problems or complete roof collapse.  

However, new developments in growing media for green roofs – such as Gaia Soil, which 

utilizes recycled polystyrene and weighs in at 10 lbs. per square foot when dry (30 lbs. 

per square foot when saturated) – will reduce the weight of a green roof and make 

implementation possible on a wider scale.90 

The performance of a green roof varies depending upon the type of green roof 

installed (e.g. intensive vs. extensive), the season, and the duration and volume of 

rainfall.  Because the growing media is much deeper in an intensive green roof and there 

are a greater number of plants, the intensive green roof will be able to hold a greater 

volume of water than an extensive green roof.  The time of year affects the performance 

of a green roof insofar as the ability to retain water is greater in warmer seasons rather 

than colder seasons, which is due mostly to the greater demand for water from the 

vegetative cover during the growing season than in the dormant winter months.91  

Monitoring of The American Society of Landscape Architects' (ASLA) green roof (a 

mixed intensive and extensive roof), located in Washington D.C. revealed that in 

September of 2006 – the heaviest month of rainfall during that year—the roof retained 

79.5 percent of 5.56 inches of rain.  In November 2006, the roof retained 58.9 percent of 

4.35 inches of rain.92 The most variable element effecting performance is the volume and 
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duration of a precipitation event.  An EPA study of green roof performance found that 

―high-intensity, short-duration rainfalls were attenuated to a greater degree than lower 

intensity, high-total volume longer period flows.‖93  Overall, the study found that green 

roofs were able to retain roughly 50 percent of annual rainfall and to reduce the rate and 

volume of peak flows.94 

Downspout Disconnection and Rainwater Harvesting  

In some areas with in-ground sewer systems, home owners may legally connect 

their storm-water collection system – either a gutter or a roof, and a downspout pipe – 

directly to the sewer system.  This allows rain or snowmelt to flow instantly from the 

point of capture (the home) to the sewer system, contributing to CSO peak events arising 

from an overburdening of the sewage-treatment system.  Many municipalities have 

responded to this problem by establishing downspout disconnection programs that 

mandate or encourage residents and homeowners to disconnect their roof-top to sewer 

stormwater downspouts.
95

 

Before implementing its own downspout disconnect program, the City of Toronto, 

Ontario undertook an effectiveness analysis to study possible reductions in storm-water 

runoff.   Using the average Toronto annual rainfall of 700 mm (28 inches, not including 

snowfall) and an average residential roof area of 140 square meters (approximately 1500 

square feet), the study found disconnection would result in a diversion of nearly 100,000 

litres (26,000 gallons) of storm-water per household from the sewer system each year. 

Factoring in that only 3/4 of a property's downspouts can easily and affordably be 

disconnected in urban areas of average density, it was estimated that disconnecting one 

quarter of the downspouts in the study area would result in a 50% decrease in the number 

of CSOs while disconnection of two thirds of the downspouts would nearly eliminate 
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CSOs.
96

 

However, once a downspout is disconnected the captured water must be 

redirected to a new destination, one that can effectively store and/or utilize the water until 

the level of storm-water in the sewer system has ebbed.   This storage may achieved 

through the use of rain barrels and cisterns, two types of storage tanks that connect 

directly to a building’s rainwater-harvesting system and store the water for later use.  A 

cistern is larger than a rain barrel, typically ranging from 300 to 1000 gallons (though 

they can be larger), and can be located either above or below ground, while a rain barrel – 

which typically holds 50 to 100 gallons –  is generally located above ground, close to a 

gutter downspout.  Both systems often contain an overflow bypass feature that allows the 

tank to release water when full.
97

 

 The water collected in a rain barrel or a cistern can be used to irrigate lawns, 

gardens, or any other vegetated landscaping around a building area.  Use of the water for 

drinking purposes is generally discouraged, unless the water is treated, due to the likely 

presence of pollutants that were either present in the rain or picked up from the roof onto 

which the rain fell.
98

  However, buildings utilizing cisterns may employ their storm-water 

for non-potable such as toilets and cooling towers.
99

 

The cost of a rain barrel can vary from $1 to $4 a gallon, with the cost varying 

depending on material, style and functionality
100

 – though a person could probably make 

their own with found materials for cheaper.  Cisterns are cheaper on a per-gallon basis, 

though their cost varies depending on whether the cistern is in-ground or above-ground 

(above-ground is cheaper) with prices varying from approximately $0.35 per gallon to $3 

a gallon.
101

 

Stormwater capture rates for rain barrels and cisterns depend on the size of the 

roof and the size of the tank in use.  Once a rain barrel or cistern has reached its capacity, 
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the overflow mechanism will allow the rest of the rainfall to escape.  If the overflow isn’t 

properly accounted for, the extra runoff can possibly damage a building's foundation and 

also flow into the storm-water system.  It is important that a properly sized tank be 

installed, taking into account the frequency and amount of rainfall along with the size of 

the roof.  A properly sized rain barrel or cistern can effectively capture 100 percent of 

rainfall that reaches the roof-catchment area (i.e. the area of roof that drains to the rain 

barrel/cistern).
102

 

Vegetative Controls 

Vegetated controls (VCs) can work in combination with downspout disconnection 

and rain barrels or cisterns, or they can be standalone features.  Common VCs include 

tree pits, rain gardens, Greenstreets, green walls, planters, and swales.  While some VCs 

are as simple as a front lawn or backyard, those VCs in highly urban areas tend to feature 

more engineered elements than VCs in less densely populated areas.
103

  The aim of a VC 

is to mimic the natural environment through bioretention and biofiltration of rainfall, 

allowing for the effective use of captured storm-water for vegetative health and growth. 

Along with the plant species used in vegetative controls, the soil systems that are part of 

the controls usually contain a high-infiltration, organic layer underlain by more typical 

planting soils and gravel or crushed stone. In systems such as tree pits or grassy swales, 

engineered structural soils can be used to maximize load bearing capacity while also 

facilitating root growth and aeration.
104

  

These controls can be placed on residential properties as part of a rainwater 

harvesting system in tandem with a rain-barrel or cistern, or they can be placed alongside 

roadways to capture runoff.  Many cities have started Greenstreets programs that use 

underutilized street space to create green spaces that both capture stormwater and provide 
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an aesthetic benefit to the neighborhood.
105

 In addition to the aesthetic benefits, 

increasing the amount of vegetation within urban areas has the added effect of improving 

air quality and lowering ambient air temperature.
106

 

With regard to storm-water, vegetative controls act to reduce pollutant loads in 

stormwater through biofiltration of the receiving water.  In an onsite comparison of 

various stormwater BMPs researchers at the University of New Hampshire found that 

bioretention systems, which are comprised of a basin to collect water and vegetative 

cover, captured 99 percent of total suspended solids (TSS), 99 percent of zinc and 58 

percent of petroleum hydrocarbons.  Vegetative swales, a simpler VC BMP, captured 60 

percent of TSS, 88 percent of zinc, and 67 percent of petroleum hydrocarbons.
107

  The 

reduction in annual runoff from catchments served by bioretention and biofiltration 

facilities varies depending on technology.  The UNH study found that bioretention 

systems captured 82 percent of peak flow while the vegetative swale captured 48 

percent.
108

  A pilot project in Seattle involving the installation of a Greenstreet found that 

the catchment area was able to prevent the discharge of 100 percent of the dry season 

flow, and 98 percent of wet season flow and can fully attenuate the runoff volume 

produced by approximately 0.75 inch (19 mm) of rain on its catchment area.
109

 

Vegetative controls vary in costs depending on the type of control in use as well 

as the location of the particular control.  Sidewalk biofiltration systems and Greenstreets 

typically cost $35-$45 per square foot with a typical yearly maintenance cost of $3-$4 a 

square foot.  Street trees can cost $2,000 per tree for installation.  Costs include labor, site 

demolition, soil preparation, site grading, under-drains, overflows, curbing, paving, 

materials, and landscaping.
110
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Porous Pavement 

Due to the ubiquity of impervious pavement on streets, parking lots, and 

sidewalks, utilizing technologies that ameliorate the runoff generated by impervious 

cover can have a significant impact in reducing storm-water runoff.  One innovative 

solution is the implementation of permeable pavement technologies such as permeable 

pavers, porous asphalt, and porous concrete that allow water to pass through the paved 

surfaces into a specially designed sub-grade gravel bed or other porous medium. 

Permeable pavement systems detain or retain water stored in the subgrade medium 

allowing it to percolate into the ground, evaporate, or leave the system laterally through 

an overflow pipe or under-drain.
111

 

Porous asphalt and concrete are similar to their impervious counterparts, the 

difference being the absence of fine particulate matter that is included in non-porous 

pavement to fill small spaces between the larger particles.  The absence of the fine 

particles creates spaces through which water may drain.
112

  Because these surfaces lack 

the same structural density as traditional asphalt or concrete, they are not deemed 

appropriate for high-traffic, high-speed areas.  Ideal locations are parking lots, sidewalks, 

alleys, and driveways.
113

   

Permeable pavers are a layer of interlocking blocks, made of concrete, brick, or 

plastic, separated by joints filled with small stones that allow water to filter down to a 

substrate layer.
114

  These can be used for similar purposes as porous asphalt or concrete, 

though they have greater aesthetic appeal. 

A properly designed and maintained permeable pavement system should produce 

no runoff from the majority of storm events, though a sustained and intense storm can 

overload a system.
115

  However, the benefits of permeable pavement go beyond reducing 

storm-water runoff; the filtration elements of the pavement system also improve the 
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quality of the water that passes through the various pavement media.  Studies show that 

permeable pavement systems can significantly reduce the presence of heavy metals and 

chemical pollutants present in the surface runoff of sample areas.
116

 

Permeable pavement systems do have limitations that dictate where they may be 

placed.  Aside from the need to avoid installation in high traffic areas, permeable 

pavement systems are not recommended for areas with a high water table, high levels of 

bedrock, or areas with a high-level of pollutant contamination.
117

 

The price of permeable pavement systems varies depending on the particular 

technology.  While traditional pavement can range from 50 cents to a dollar per square 

foot, porous concrete and asphalt can range from two to six dollars per square foot; and 

pavers can range from five to ten dollars.  However, when you factor in the need to install 

stormwater management systems for traditional pavement, the cost differential between 

traditional pavement and porous options can be erased.
118
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Chapter 7: Review of Three Municipal CSO/Stormwater Management 

Plans and Programs 

MUNICIPAL CASE STUDIES 

In order to derive an understanding of current best practices with regard to the 

development and implementation of CSO/stormwater management plans featuring 

substantial green infrastructure components and apply that understanding to the case of 

New York City, it was important to investigate the efforts of cities that have already 

undertaken the process.  Those cities under investigation were chosen because they were 

noted by the EPA as cities that had made significant strides in devising stormwater 

management plans and policies using green infrastructure.119 Furthermore, these cities 

share certain qualities with New York City, whether in terms of size, age, geography or 

hydrology.   

The differences between the three cities also proved to be instructive; the 

approach each city took towards addressing the issue of CSOs and stormwater varied 

widely though in many cases the individual technologies were similar.  By comparing the 

history and approach to stormwater management of these three cities, patterns emerge 

that highlight the most effective elements of a successful plan. 

Portland, Oregon 

History 

Portland, Oregon is located at the confluence of the Columbia and Willamette 

Rivers in Northwestern Oregon.  Incorporated in 1843, the City was, for much of the late 

19
th
 century, the main port in the Pacific Northwest, growing from a population of 821 in 

1850 to just over 90,000 in 1900.
120

  Beginning in 1864, Portland developed a simple 
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sewer system consisting of a covered wooden trough that collected sewage from homes 

and business and carried it directly to the Willamette River.  Over the next 20 years this 

system evolved to include 15 miles of terra cotta piping.  The system continued to expand 

in scope and sophistication throughout the end of the 19
th

 and into the 20
th
 century, 

allowing for ever greater numbers of people and businesses to dispose of ever greater 

amounts of sewage and waste into the Willamette and Columbia Rivers.  By the 1930s, 

the portion of those two rivers that flowed through Portland were so polluted that fish 

placed in the river died within minutes of entering and swimming was banned entirely.
121

 

This level of contamination prompted citizens to call for remediation.  In 1938, 

Oregon voters passed an initiative entitled the Water Purification and Prevention of 

Pollution Bill, which established a newly created State Sanitary Authority to enact 

wastewater treatment requirements for cities and industries.  A major component of this 

effort was the construction of the Columbia Boulevard Wastewater Treatment Plant, 

Portland’s first sewage treatment plant.  Completed in 1952, the plant resulted in a major 

improvement in the water quality of the Willamette River.
122

 

In the late 1960s Oregon as a whole took a major step to improving water quality 

– setting the stage four years later for the Clean Water Act – by regulating all single-

source discharges of wastewater throughout the state. In 1991, on the heels of the EPAs 

decision to regulate CSOs as part of the Clean Water Act, Portland developed a CSO 

Management Plan, which consisted of three main elements:  

1. Cornerstone Projects – These were designed to reduce the amount of stormwater 

entering the combined system by applying ―green‖ or low-impact development 

approaches. 

2. CSO Capture and Plumbing – Large infrastructure projects meant to capture 

CSOs. 
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3. CSO Treatment – Measures designed to provide secondary treatment to captured 

CSOs.123 

These programs were able to divert two billion gallons of stormwater per year 

from the combined sewer system.
124

 

Since the implementation of the CSO Management Plan, Portland has also begun 

and completed several large infrastructure projects including: the Columbia Slough Pipe 

completed in 2000, which prevents roughly 300 million gallons per year of combined 

sewage from reaching the Columbia Slough, representing a 99% reduction in CSOs; the 

West Side Big Pipe and Swan Creek Pump Station completed in 2006; and the recently 

completed East Side Big Pipe, at a cost of $426 million, which is estimated to reduce 

CSOs to the Willamette River by 94%.
125

  In total, these projects cost $1.4 billion.
126

 

Policy and Programs 

Portland has also acted aggressively to complement their traditional infrastructure 

projects with green infrastructure projects and policies aimed at curbing stormwater and 

CSOs through decentralized techniques.  Guiding these green policies is the broader goal 

of improved water quality throughout the Portland metropolitan area.  That broader goal 

is articulated in the Watershed Management Plan (WMP), which takes a comprehensive 

approach to restoring water quality in Portland's watersheds by addressing the root causes 

of pollution through six strategies: Stormwater Management; Revegetation; Aquatic & 

Terrestrial Enhancement; Protection & Policy; Operations & Maintenance, and; 

Education, Involvement & Stewardship.
127

  The Portland City Council adopted the plan 

on Wednesday, March 8, 2006.
128

 

Working in support of the WMP are Portland's Stormwater Management Program 

and CSO Program.  As previously mentioned, the CSO Program has led to the 
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construction and operation of several large infrastructure projects that have significantly 

reduced CSOs throughout Portland.  In conjunction with these, the Stormwater 

Management Program encourages sustainable stormwater management practices through 

its Stormwater Management Manual which outlines Portland's regulatory framework with 

regard to onsite stormwater management while providing technical guidance to ensure 

effective stormwater management practices are followed in both new public and private 

development and redevelopment projects.  The regulatory framework includes new city 

building codes that require on-site storm-water management for all new construction 

projects through the use of vegetated infiltration facilities.  Should total infiltration prove 

infeasible the developer must identify an approved off-site facility to manage 

stormwater.
129

   

More specific stormwater management efforts include Portland's Grey to Green 

Initiative, which began in July of 2008.  The purpose of the initiative is to expand the 

City's green infrastructure to sustainably manage stormwater runoff, stop the spread of 

invasive plants, restore native vegetation, protect sensitive natural areas, and replace 

culverts that impede fish passage.
130

  The goals, which are to be made possible through a 

five year $50 million investment, are to add 43 acres of green roofs, plant 33,000 yard 

trees and 50,000 street trees, restore native vegetation, construct 920 green street 

facilities, control the spread of invasive plants, replace 8 culverts that block fish passage, 

and purchase and protect 419 acres of high priority natural areas.  Two years into the 

initiative 4.7 acres of green roofs have been installed with another 4.9 being designed or 

constructed; 11,396 street and yard trees have been planted; 67 acres of natural areas 

have been purchased; restoration work has begun on 1,300 acres and 70,000 tree saplings 

have been planted; 500 acres have been treated for invasive species; 325 green streets 

have been installed; and four culverts have been designed to allow the flow of fish.
131
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Portland also has a number of targeted policies and programs that address general 

green building practices while providing for stormwater mitigation.  The downspout 

disconnect program, started in 1995, has to date helped 56,000 households disconnect 

their downspout, allowing the infiltration of an estimated 1 billion gallons of water 

annually.
132

  Residents who wish to disconnect their downspouts themselves are paid $53 

by the City while, for those who don't wish to do the work themselves, the City will 

provide the parts and labor for free.
133

 

Portland's Green Building Policy for public facilities requires that all new 

municipal buildings have a vegetative surface that covers at least 70% of the roof area, 

while renovated municipal buildings are required to retrofit to the same standard.
134

  The 

push for green roofs has also led to an incentive program under the Grey to Green 

Initiative that gives a limited number of property owners and developers up to $5 a 

square foot in funding for green roofs provided the project meets a set of certain 

guidelines.
135

   Developers may also take advantage of a density bonus for green roofs 

where a developer is allowed between one and three additional square feet of 

development per square foot of green roof. To date in Portland, developers have taken 

advantage of the green roof FAR by constructing approximately 260,000 SF of green 

roofs.
136

 

Also working with the Grey to Green Initiative is Portland's Green Street Policy 

which was passed by the Portland City Council in April 2007.  The resolution approved a 

report and policy to promote and incorporate the use of green street facilities in public 

and private development through the 1% for Green program, administered by the Bureau 

of Environmental Services, which collects one percent of the construction budget of City 

of Portland projects within the city right-of-way that are not subject to the requirements 

of Portland Stormwater Management Manual and dedicates that money for Greenstreets 
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construction projects.
137

 

Funding 

Portland funds its CSO and stormwater management programs through a 

dedicated stormwater and sewer fee that applies to residential and commercial properties 

and fees from new development.  These rates are calculated by determining the gross 

revenue required to fund operations, determining the portion of revenue required from 

ratepayers, and then calculating revenue requirements for individual service parameters 

which include: sanitary sewage flow; sanitary sewage strength, stormwater drainage 

service and; account service.  These service parameters are then assigned units of 

measure, allowing their customer usage to be quantified.  Using water meters, units of 

service for sanitary sewage flow and strength are a direct measure of wastewater 

discharge.   Stormwater drainage fees are calculated using area of impervious cover as 

the unit of measure.  Impervious area is assumed to be the average impervious area for 

the user's class as shown in the most recent rate study, with one and two units falling into 

the first category, three units in the second, four in the third, and five or more units 

requiring an actual measurement of impervious cover.
138

 

To incentivize the adoption of onsite stormwater management practices, Portland 

launched the Clean River Rewards Program in October of 2006.  The program provides a 

maximum discount of 100% on ratepayers stormwater drainage fee if they manage all of 

their stormwater onsite in a manner that does not harm the environment.  Partial 

management of stormwater is also rewarded through a reduced discount on stormwater 

drainage fees.
139
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Chicago 

History  

Chicago was founded on the shores of Lake Michigan in the early 19
th
 century 

and quickly gained prominence with the completion of the Illinois and Michigan Canal 

which connected the Chicago River with the Illinois River, creating a direct water link 

between the Great Lakes and the Mississippi River.
140

  Proximity to Lake Michigan was a 

great asset to the residents of the City, providing unlimited fresh drinking water.  The 

development of the City posed a problem to this arrangement as the large numbers of 

people and business attracted to the area began dumping their sewage into the Chicago 

River, which flowed in Lake Michigan.  To combat this, Chicago became one of the first 

cities in the U.S. to develop a comprehensive sewer system.  Built in 1855, the combined 

sewer system channeled storm water and sewage into the Chicago River, upstream of the 

City.
141

 

However, the river soon became polluted once again.  This posed a large scale 

problem for the City's drinking water because the intake point for the municipal water 

supply was situated near the mouth of the Chicago River as it entered Lake Michigan.  To 

ensure an adequate supply of potable drinking water, Chicago's leaders had the Illinois 

and Michigan Canal deepened which, along with the pumps that drew water from the 

Chicago River into the Canal, effectively reversed the flow of the Chicago River 

preventing sewage from entering Lake Michigan.
142

 

The City also built several tunnels underneath Lake Michigan that extended 

several miles from shore to draw fresh water from an unpolluted part of the Lake.  When 

it became evident that heavy storms were still causing the Chicago River to flow into 

Lake Michigan, the Sanitary District of Chicago was formed to construct the Sanitary and 

Ship Canal, which was completed in 1900.  This permanently reversed the flow of the 
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Chicago River.143  Throughout the next century, Chicago improved its wastewater 

treatment methods through the construction of wastewater treatment plants and, after the 

passage of the Clean Water Act in 1972, an extensive multi-billion dollar Tunnel and 

Reservoir Plan (TARP) that includes 131-miles of tunnels to capture storm-water and 3 

large reservoirs to prevent flooding.
144

  Once completed the TARP is meant to capture 

most of Chicago's CSOs.  However, the TARP is being constructed in phases, and while 

portions of it are currently in operation, the system is not estimated to be completed until 

2019.
145

 

With the completion of the TARP almost a decade away, the City of Chicago still 

experiences large CSO events, releasing 10 billion gallons of overflows annually.
146

 To 

address this lingering problem and the broader issue of water quality in Lake Michigan 

and the Chicago River, the City of Chicago developed a water management plan – of 

which stormwater management is a significant component – that dovetails with several 

specific initiatives to provide for CSO remediation and broad-based environmental 

improvement.
147

 

Policy and Programs 

This plan, released in 2003 and entitled the ―Chicago Water Agenda‖ aims to 

guide water-related decisions with a focus on: 1) conserving water; 2) protecting water 

quality, and: 3) managing stormwater.  The initiatives that the agenda mentions are 

described as ―Actions‖ that the City plans to take in order to address the three larger 

goals.  In the case of conserving water these actions range from being quite general, such 

as calling on the federal government to increase funding to local water agencies for 

infrastructure improvements, to specific initiatives such as introducing water meters to 

those users, mainly single-family homes, that currently pay a flat rate for water usage.
148
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The initiatives for protecting water quality consist almost totally on calls for federal 

government intervention in providing funds and guidance with regard to remediation of 

polluted areas and setting standards for acceptable practices, such as release of ballast 

water from Lake Michigan shipping.  It is within the stormwater management section, 

however, that Chicago Water Agenda provides the greatest number of initiatives that can 

be developed and deployed by the City itself, without extensive external guidance or 

funding.  These initiatives include: rooftop gardens (green roofs), permeable alleys, rain 

gardens, downspout disconnection, and requiring green design in new developments.
149

  

As an addendum to this portion Chicago also produced a guide to stormwater best 

management practices.  The guide goes into depth on the particular technologies 

mentioned in the Water Agenda, detailing appropriate applications, cost, maintenance 

and performance.
150

 

Chicago has been aggressive in its implementation of rooftop gardens or green 

roofs.  The City began its foray into green roofs by first installing one on the roof of its 

City Hall.  The 20,300 square foot roof includes 150 varieties of plants and reduces 

stormwater runoff by 50%.
151

  After the success of the City Hall green roof, Chicago 

expanded their program, installing green roofs on several other public buildings and some 

private buildings.  To increase private adoption of green roofs Chicago instituted a grant 

program in 2005 in which grants of $5,000 each were awarded to 20 small-scale 

commercial and residential properties.  The program was repeated in 2006 with 40 

recipients of the grants.  In addition, Chicago provides density bonuses for new 

developments that cover 50% or 2,000 square feet (whatever is greater) of a roof with 

vegetation if those projects receive public funding.
152

  As of 2010, these policies have 

helped Chicago to become the leader in green roof installation, with roughly 7 million 

square feet of green roofs installed on just over 500 buildings, the greatest amount in any 
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city in the U.S.
153

 

Though still in the pilot phase, Chicago's Green Alley program has succeeded in 

installing 80 Green alleys throughout the City.  These alleys are constructed using a 

variety of materials and techniques, depending on the site, that provide greater infiltration 

of water and reflect a greater amount of sunlight, reducing the heat island effect.
154

  

Chicago has been monitoring five of these alleyways to gauge the effectiveness of 

different materials.  The findings indicate that the alleys are effective in capturing 

stomwater but that continual maintenance is necessary to keep the pavement materials 

free of excess debris which reduces the capacity for infiltration.
155

 

While Chicago touts downspout disconnection, rain gardens and rain 

barrels/cisterns as important methods for reducing stormwater runoff, the last year the 

City provided funding for this initiative was 2004 at which time the City provided 

residents with discounted 55-gallon rain barrels at a cost of $15 each.  Residents 

purchased more than 400.
156

  Chicago does produce brochures that provide instructions 

on how to do a downspout disconnection, build a rain garden, and encourage the use of 

rain barrels and cisterns.
157

 

Chicago also encourages stormwater management through green design for 

buildings in both the public and private sectors.
158

  The design and construction of public 

sector buildings is guided by the Chicago Standard – a set of municipal construction 

standards that are based on the Leadership in Energy and Environmental Design (LEED) 

rating system – that promote sustainability, water and energy efficiency, indoor air 

quality, and on-site storm-water management.  The Chicago Standard also provides a 

template for private developers wishing to expedite the permitting process for their 

developments.  Projects that adhere to the Chicago Standard or a similar standard of 

green construction are eligible for an expedited permitting process under the Green 



 46  

Permit Program that guarantees a completed review in under 30 full days, or 15 business 

days.
159

   

As of January 2010, some types of new development are now subject to Chicago's 

Stormwater Management Ordinance.  The ordinance states that new developments in 

which ―more than 7,500 square feet of substantially contiguous area will be created, 

reconstructed or resurfaced (scarified with bituminous or concrete overlay) or disturbs 

over 15,000 SF of land area,‖ are required to implement rate control measures.  In 

addition, volume control measures are required for all developments.
160

  Developers must 

submit their plans to manage stormwater prior to obtaining a site permit.  To help 

developers design proper stormwater management facilities the City of Chicago 

developed the Stormwater Management Ordinance Manual which details the 

requirements of the ordinance and suggests measures to reach compliance.
161

 Providing 

even more assistance in this endeavor, Chicago’s Center for Neighborhood Technology, 

in partnership with the Chicago Department of Environment, developed an online 

stormwater ordinance compliance calculator that allows users to input information 

regarding their lot and development and then choose various green infrastructure 

technologies to quickly calculate the volume of stormwater managed by each particular 

scenario.162 

Funding 

Chicago funds its initiatives through general public taxes and fees.  The 

Department of Water Management charges for use, but has no mechanism to charge users 

for stormwater generated.
163
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Philadelphia, PA 

History  

Philadelphia, founded in 1682, sits at the confluence of the Schuylkill and 

Delaware Rivers and until 1830 was the largest city in the United States.
164

  

Philadelphia’s rapid development before and after the Revolutionary War created serious 

issues with regard to sanitation and public health: as the population became more densely 

clustered, privies and cesspools used to collect human waste began to foul nearby 

drinking wells causing outbreaks of disease.  This led residents of Philadelphia, in 1799, 

to demand that the City provide clean drinking water, a demand that was met through the 

creation of the Philadelphia ―Watering Committee‖ which undertook the task of building 

a centralized water distribution system for the City, one of the first in the United 

States.
165

  The system pumped water from the Schuylkill River to an elevated water tower 

that then distributed water, via gravity, to hydrants and buildings.  This system was 

improved upon and expanded through the next 60 years, fueling further growth of the 

City into a major industrial center.  The factories that contributed to the growth of the 

City also used the City’s waterways as dumping grounds for their waste.  This, along 

with the City’s combined sewage and storm-water system – which emptied human waste 

into both the Schuylkill and Delaware Rivers – contributed to an annual outbreak of 

typhoid starting in the 1860s that averaged close to 600 deaths annually by the 1880s and 

doubled by the end of the 1890s.  The annual outbreaks finally persuaded City leaders to 

fund the construction of a filtration plant which began construction in 1902 and finished 

in 1912.  A year later, in addition to filtration, the City began treating drinking water with 

chlorine, which caused an immediate and dramatic drop in the number of typhoid cases 

each year.
166

 

Despite these steps, Philadelphia’s rivers still suffered from pollution wrought by 
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industrial and sewage effluent.  It was not until 1950 that Philadelphia completed 

construction on its three wastewater treatment plants, and not until 1966 that it completed 

its sewage interceptor system – which diverted sewage from going directly into the City’s 

rivers and streams.  Today Philadelphia’s three wastewater treatment plants collect 

sewage from an underground web of 3,100 miles of sewer pipe and send over 370 million 

gallons of treated sewage back into the Schuylkill and Delaware Rivers each day.
167

 

In spite of these engineering efforts, Philadelphia, with a stormwater system that 

is 60% Combined Sewer and 40% Municipal Separate Storm Sewer System (MS4) still 

suffers from combined sewage overflows and municipal stormwater overflows into its 

rivers and streams.
168

 To manage stormwater runoff more efficiently, the Philadelphia 

Water Department (PWD) is institutionalizing green infrastructure across the city through 

demonstration and restoration projects, a new stormwater fee system, and stringent 

stormwater regulations for all new construction and redevelopment projects.
169

 

Policy and Programs 

Guiding Philadelphia's new approach to stormwater management is an updated 

Long Term Control Plan entitled ―Green City, Clean Waters‖ released in September of 

2009 and currently awaiting EPA approval.170  This update to the original 1997 plan 

―seeks to meet the regulatory requirements of the National CSO Control Policy through a 

comprehensive watershed-based approach, such that the CSO program is just one piece 

of their larger Integrated Watershed Management Planning Program.‖
171

  In addition, 

rather than focusing solely on large scale capital projects, the plan ―focuses a program on 

specific benefits to the residents of the City of Philadelphia by restoring environmental 

amenities for our constituents and 'greening' our City.‖
172

   

To accomplish this task, the PWD undertook two intensive initiatives.  The first 
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was a characterization of current conditions within the seven watersheds of the PWD 

jurisdiction.  This endeavor involved the collection of data relating to local 

meteorological conditions, sewer system and collection, receiving water quality, and 

water treatment facility capacity.
173

  The second initiative was a large-scale public 

participation endeavor that brought constituents from within each watershed together to 

discuss the current conditions of their watershed, share concerns and discuss various 

alternatives for future implementation.
174

 

The various alternatives presented to the public arose from an analysis performed 

on the base information attained through PWD's data collection effort and the costs 

associated with various methods to address and remediate the problems found.
175

  To 

fully quantify all the costs and all the benefits associated with each method of 

remediation, PWD conducted a ―triple-bottom line‖ analysis, devised by a private 

consultant, to quantify the environmental, social, and economic benefits of several 

approaches.
176

  By providing a quantifiable benefit for each category, PWD sought a 

means to justify the costs of programs that, were they judged solely on their capacity to 

reduce CSOs, might not warrant the expense.
177

 

Using the triple-bottom line analysis, PWD evaluated five scenarios for the 

remediation of CSOs.  These scenarios were: 1) Complete Sewer Separation; 2) Green 

Infrastructure with Targeted Traditional Infrastructure; 3) Green Infrastructure with 

Increased Transmission and Treatment Capacity; 4) Large-Scale Centralized Storage 

Alternative, and; 5) Large-Scale Satellite Treatment Alternative.
178

  The preferred 

alternative was Green Infrastructure with Targeted Traditional Infrastructure.  This plan 

was not only the most affordable, but also had the greatest public support of all the 

options while achieving the quantitative targets established by PWD at the outset of the 

study.
179

  The chosen alternative is estimated to cost $1.6 billion by the time it is fully 
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implemented in 20 years ($1 billion in 2009 dollars), reach a capture rate of 80% (a 

reduction in CSO volume of between 5.2 and 8 billion gallons), while accruing an 

estimated $2.2 billion in social benefits which include: reduction in heat stress related 

mortality, added recreational opportunities, higher property values, better water quality 

and habitat, increased air quality, and energy savings.
180

 A recent interview with Melanie 

Garrow of the Philadelphia Water Department revised the cost to $2 billion and increased 

the CSO capture-rate from 80% to 83.6%.181 

To provide for flexibility in implementing the plan, PWD did not specify or 

mandate the use of particular green infrastructure BMPs.  Rather, PWD set the goal of 

greening 45% of all impervious surfaces within the areas of Philadelphia covered by a 

combined sewer system.
182

  To do this, PWD embraced the idea of a ―greened acre‖ 

which is ―a metric that accounts for the conversion of a highly impervious urban 

landscape through the implementation of projects that reduce stormwater run-off. A 

Greened Acre is described as an acre of impervious cover connected (tributary) to a 

combined sewer that subsequently is reconfigured to utilize green stormwater 

infrastructure to manage all or a portion of the stormwater run-off from that acre…‖ and  

is ―equivalent to 1 inch of managed stormwater from 1 acre of drainage area, or 27,158 

gallons of managed stormwater.‖183 This should result in the capture of 80-90% of 

potential runoff.
184

 To organize its endeavors PWD created eight programs targeted at 

specific facility types – including streets, schools, public facilities, open space, industry 

and business sites, driveways and alleys, parking, and homes – each one with a 

customized toolbox of options for greening their respective space.
185

  Because the City of 

Philadelphia controls 45% of this impervious cover, PWD will initially focus its efforts 

on publicly-owned land.  This is important not only because it sets an example for private 

endeavors but also because streets, the subject of its own PWD green program, 
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constitutes 38% of all impervious cover within the City.
186

 

Some of the planned tools to ―green‖ streets include street trees planted in runoff 

capturing pits, sidewalk trenches, planters, sidewalk bump-outs and bulb-outs (sidewalk 

extensions), and porous pavement.
187

  To systematize the implementation of these tools 

PWD categorized streets by size and created a model street for each category.  The model 

provides a template from which the City can choose the appropriate design elements for a 

given area without having to recreate the toolbox each time.  Once model streets have 

been tested in pilots, the model can simply be replicated at a larger scale.
188

 

For publicly owned buildings and spaces such as schools, government agencies, 

publicly-owned parking lots and open/vacant space, tools such as porous pavement, rain 

gardens, green roofs, and cisterns may be implemented, depending on the circumstances 

of the particular site.
189

 

Perhaps the most innovative and powerful tools Philadelphia and the PWD have 

implemented, however, are new regulations concerned specifically with onsite 

stormwater management and stormwater fees – tools that will leverage the activities of 

the private sector to achieve a greater stormwater capture rate without government 

expenditures.
190

 

Regulation and Financing 

In January of 2006, Philadelphia revised its entire development review process 

which included significant new guidelines regulating stormwater management. These 

new regulations were implemented and apply to all new development and redevelopment 

resulting in 15,000 square feet or more of earth disturbance.
191

 Under these new 

ordinances, developers must now submit stormwater plans early in the permitting 

process, which ensures that stormwater is included in overall site design and drainage 
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plans.
192

 To streamline the process, the City had the PWD, department of Licenses and 

Inspections, and the City Planning Commission, simplify the process for permit review, 

inspection and approval.
193

 An additional improvement is that redevelopment projects 

may be exempt from standard Channel Protection and Flood Control Requirements if 

they can reduce Directly Connected Impervious Area (DCIA) by at least 20%.
194

  This 

requirement has encouraged developers to focus their efforts on infill sites instead of 

undeveloped, natural areas. Further, almost all of these redevelopment projects reach the 

20% reduction through a variety of green infrastructure practices, including roof 

downspout disconnections, porous pavement, tree plantings, and green roofs.
195

  

Developers are assisted in this endeavor by the Philadelphia Stormwater Management 

Guidance Manual, which ―is intended to lead developers through the requirements and 

expectations of PWD in terms of stormwater management [by providing] guidance for 

the entire site design process, beginning with initial site design considerations, through 

the post-construction stormwater management plan submittal elements, and ultimately the 

acquisition of stormwater plan approval.‖
196

 

In addition to the regulations concerning development, Philadelphia has also 

instituted market-mechanisms to fund and incentivize the use of green stormwater 

management measures.  The City did this by instituting a Parcel Base Billing 

Initiative.
197

 The initiative alters the fee structure for stormwater customers such that they 

no longer charged a single flat fee, but instead pay a charged calculated based on the 

following equation: 

(Gross Area Rate * Gross Area of Property) +  

(Impervious Area Rate * Impervious Area of Property)
198

 

The gross area rate and impervious area rate are functions of land-use type (i.e. 

residential, commercial, and industrial) and location (i.e. inner-city or suburbs).  This 
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new fee structure will more heavily affect large properties with a high percentage of 

impervious cover, create a more representative fee system, and provide property owners 

with a financial incentive to retrofit their properties with green infrastructure practices 

that reduce impervious cover.  For those top 50 properties that saw the greatest increase 

in stormwater fees, Philadelphia is also providing free site evaluation and design 

assistance in identifying and implementing cost-effective stormwater management 

measures.
199

  Citywide, properties are eligible for stormwater credits which reduce the 

stormwater fee in return for the adoption of onsite stormwater management measures.
200

 

PLAN CRITIQUES 

The stormwater managements plans developed by the cities of Portland, Chicago 

and Philadelphia differ greatly in the extent to which they seek to clearly define the 

problems faced, identify factors contributing to those problems, and propose viable 

solutions to those problems in the context of the circumstances and limitations posed by 

the built environment.  As such, the strengths and weaknesses of these plans will offer 

instructive lessons for the development and deployment of a stormwater management 

plan, lessons by which New York City's newly released stormwater management plan can 

be evaluated.   

Chicago 

Perhaps the least developed and certainly the least well-articulated plan under 

study was that of Chicago.  At a mere 29 pages, Chicago's Water Agenda, while laying 

out numerous action points, does not provide a detailed characterization of the current 

problem, nor does it identify, in depth, factors contributing to that problem.  While 

mentioning the existence of the combined sewer system and the way in which it functions 

during wet weather, the Chicago Water Agenda does not provide a hard number or an 
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estimate of the number of combined sewage overflows present in the City or an estimate 

of the volume of effluent released yearly through CSOs.  In the absence of these numbers 

it is perhaps not surprising that there is no measurable goal guiding this plan.  The most 

well-articulated aim of the plan is to ―outline a strategy for caring for our water resources 

as a whole.‖
201

 

This omission weakens the strongest elements of the plan, the action items – 

particularly those related to stormwater management – by failing to establish metrics by 

which the effectiveness of the items can be judged.  There is no mechanism to judge 

whether the investment in green infrastructure is cost-effective or to judge the extent to 

which green infrastructure is reducing CSO volume and frequency.  Moreover, there is no 

well-defined plan identifying where these technologies will be deployed or the extent to 

which they will be deployed. 

Another weakness is the absence of any plan to implement an information system 

to inform citizens of the locations of sewage outfalls or a warning system for when those 

outfalls are experiencing overflows.  This is an element present in both Portland and 

Philadelphia's plans and required as part of the EPA’s Nine Minimum Controls.  The 

Water Agenda itself, in its last pages, calls for outreach and mobilization to inform the 

citizens of Chicago, but no specific proposals are put forward other than calls for 

coordination with local interest groups.   

Public information is also lacking with regards to the progress of the plan and its 

implementation.  No updates to the plan have been made, nor have any recent reports 

been made public documenting the failure or success of specific actions items.  

Beginning in 2005, Chicago began publishing an Environmental Action Agenda which 

did detail the steps the City and its agencies were taking to push for more 

environmentally sound policies in addition to providing goals and metrics.  Despite 
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promoting the Action Agenda as a yearly update on the City’s goals and 

accomplishments, Chicago published the report only for years 2005 and 2006 and has 

since removed those updates from its website. 

Ultimately, the Chicago Water Agenda, particularly the stormwater segment, is 

more a collection of practices than a comprehensive approach to reducing CSOs; focused 

more on promoting specific technologies than with specifically promoting a systematic 

stormwater management approach.   

This is not to say that Chicago has ignored stormwater management or failed to 

enact policies promoting stormwater management.  In fact there have been many pieces 

of government policy that actively promote stormwater management.  They include: the 

Chicago Stormwater Management Ordinance which made the private onsite management 

of stormwater into law; the Stormwater Management Ordinance Manual, Guide to 

Stormwater Best Management Practices and the online Stormwater Ordinance 

Compliance Calculator which provide guidance to developers as they seek to comply 

with the legal mandates; and the Chicago Standard and Green Permit Program, the first of 

which also provides development guidance, the second expediting the review process for 

those who comply with the Chicago Standard and by default have implemented 

stormwater management measures.   

The support and encouragement of green roofs in Chicago, which has resulted in 

the installation of approximately 7 million square feet of green roofs on over 500 

buildings – more than any other American city – is also an important and successful piece 

of policy.
202

  By installing a green roof on City Hall and following up with the 

installation of green roofs on several other city-owned properties the City demonstrated 

the feasibility, and the aesthetic and functional value of green roofs while expressing its 

commitment to the technology.  The adoption of green roof requirements for various 
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other public projects along with the green roofs grant program helped spur wider 

adoption of the technology through increased visibility of the technology coupled with 

the financial incentive that not only helped cover the costs of implementation but also 

helped foster a green roof industry that could ultimately lower the costs of installation 

through increased expertise and economies of scale.
203

 

To that end Chicago has been successful in making a name for itself as a leader 

and innovator in the implementation of sustainable principles and practices.
204

 While the 

self-proclaimed title of ―America’s Greenest City‖ may or may not be accurate, 

Chicago’s efforts to promote itself as a city that values sustainability help foster a culture 

of sustainably-minded policymakers and practitioners.  By extension, consideration of 

stormwater management will become the default approach to development. 

Ultimately, the fact that the Chicago already has in place a large-scale 

infrastructure plan to deal with CSOs in the form of the Tunnel and Reservoir Plan 

(TARP) may explain the lack of specificity in terms of goals and metrics present in the 

Chicago Water Agenda.  The takeaway from the example of Chicago may be that for a 

city the size of Chicago, green infrastructure alone is not sufficient to deal with the 

problem of CSOs; but there is no harm in pushing to implement green technologies. 

Portland 

Portland’s overall plan for increased water quality, the Portland Watershed 

Management Plan, resembles Chicago’s Water Agenda in that it seeks to address 

citywide water quality through numerous avenues, stormwater management being just 

one of them.  The Portland plan differs from Chicago’s significantly, however, in the 

depth and scope to which it strives to characterize and address water quality in the region.  

In its effort to characterize the issue of water quality, the plan provides a history of 
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Portland’s development, the effect that development has had on each of the watersheds 

that comprise the area, and steps that have been taken to improve water quality, including 

the construction of several large-scale infrastructure projects.  The plan does not provide 

hard figures on the numbers of sewage outfalls or the annual volume of CSOs, though the 

annual CSO report does provide a historical figure of 6 billion gallons of overflow in 

1991.
205

  The lack of specificity in providing hard numbers may reflect, as is the case 

with Chicago, the large infrastructure investments being made that have previously and 

will continue to substantially lower overflows once fully implemented.   

Despite the lack of specificity in this regard the Watershed Management Plan 

establishes specific goals that are fleshed out within a nested subset of objectives, 

strategies, and actions to achieve those goals.  Rather than simply calling for improved 

water quality, the goals set forth (improved hydrology, physical habitat, water quality, 

and biological communities) are each defined, provided a rationale for their 

improvement, and then given a subset of objectives that will lead to the realization of that 

goal.  As the plan states, ―the watershed goals and objectives provide direction for a 

watershed management system and help identify and prioritize strategies and actions to 

improve watershed health.‖
206

 

Like the broader goals and objectives, the strategies and actions that follow are 

nested within a strict framework that informs the broader plan.  This framework is 

literally provided in graphic matrix (shown below). 
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Illustration 2: Portland Watershed Action Plan Matrix.207 

A graphic like this is no substitute for work on the ground, but it is a useful guide 

for policymakers seeking to draw the connections between particular efforts and 

outcomes, as well as informing the public of the rationale for those efforts.  It also serves 

to inform the flow of work that will occur as different agencies or parts of a particular 
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agency take responsibility for those elements of the plan germane to their mission. 

Another strong component of the plan is an analysis conducted to determine the 

appropriate strategies and actions for implementation in particular parts of the City.  

Existing conditions that were found through the characterization of each watershed – 

which considered planned development and infrastructure improvements – were 

combined with the proposed strategies and actions, resulting in a series of maps detailing 

the locations where certain actions would be taken throughout the City over a period of 

time.
208

 

Though not nearly as well articulated as Philadelphia's efforts, Portland's public 

outreach provisions include two actions that are noteworthy: 1) informing public 

employees how their efforts improve watershed conditions, and; 2) increasing 

stewardship of city-owned areas.209  These actions are important because they help to 

create a constituency of professionals and citizens that view watershed protection as a 

necessary endeavor, the responsibility for which is entrusted to them in their capacity as 

stewards of their community.  In fact, according to Virgil Adderly of Portland’s Bureau 

of Environmental Services, it is those programs for which citizens must take an active 

role that have the greatest impact.  In his words, ―the Downspout Disconnection Program 

and the Green Streets Program have benefited the City and the CSO Program by 

providing tangible and visible components that the rate payers can see and support.  They 

have been the best community education and involvement tool we ever applied.‖ 210 

If there is one weakness to Portland’s approach it occurs with the Watershed 

Management Plan: a lack of estimates for the cost for implementing the plan.  The 

absence of a cost-benefit analysis is problematic in that it limits the public’s ability to 

understand the financial implications of implementation.  Because Portland funds its 

stormwater management activities directly through a sewer and stormwater fee, and those 
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rates are already rising to pay for the substantial infrastructure projects to capture CSOs, 

implementing an ambitious plan to address water quality that will likely have a financial 

impact on water users could be contentious; in order to be able to sell these policies and 

create public buy-in, citizens need to know what they are getting for their money.  That 

being said, the plan does not ignore the issue but rather includes the development of 

methods and tools for use in a cost-benefit analysis as one of the tasks that a research 

working group within the Bureau of Environmental Services will be responsible for.
211

 In 

addition, cost estimates were provided for the large-scale infrastructure projects that have 

been implemented as part of the CSO control program.  The final cost for those projects, 

$1.4 billion, once completed at the end of 2011, will have brought the average CSO 

capture rate to 96 percent citywide.212 

In sharp contrast to the Chicago Water Agenda, Portland's Watershed 

Management Plan calls for tracking the progress of implementation through annual 

reports, which the City of Portland has produced yearly since the publication of the 

PWMP.  These reports list performance measures describing the progress Portland has 

made in attaining the specific action items that would fulfill the goals and objectives of 

the plan.  As of the 2010 Annual Report, Portland was managing 890 million gallons of 

stormwater through projects initiated under the Stormwater Management Program and 

Clean River Rewards program.
213

 

A particular highlight of these reports addresses the previous critique of 

insufficient cost-benefit analyses of particular actions.  The 2007-2008 update reports the 

development of a Watershed Services User Program (WASUP) which tracks the 

completed projects to create a database and modeling system to ―view and characterize 

all of our projects, by monitoring cost, effectiveness, and viability.‖
214

  This database 

works in conjunction with the annual Stormwater Management Facility Monitoring 
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Reports which detail the performance of several stormwater BMPs throughout Portland 

including three green roofs, six greenstreets, and five vegetated infiltration basins.
215

  

This type of tracking is highly useful because not only does it measure the effectiveness 

of a type of BMP, it measures: 1) the effectiveness of variations within a class of BMP to 

determine, for instance, the best soil composition for a green roof in Portland's climate, 

and; 2) it helps identify ways to improve the performance of a BMP in a given 

environment.216 

In fact, previous experience implementing the initial CSO Management Plan 

helped demonstrate the effectiveness of tracking.  The performance of the Cornerstone 

Projects – those projects aimed at diverting stormwater from the sewer system – was 

monitored from the outset and eventually proved ―more effective and applicable than was 

projected in the 1994 Plan.  Specifically, the Downspout Disconnection Program was 

expanded three times to increase the area served and to increase the actual rate of 

disconnection.‖217 The Cornerstone Projects proved so successful that, as of 2010, they 

alone were responsible for capturing 37 percent of CSO volume, 20 percent of that being 

attributable directly to the Downspout Disconnection Program.218 

This adaptive approach is a key component to the success of Portland’s CSO and 

stormwater management policies.  By regularly assessing the effectiveness of each 

approach Portland was able to adjust the deployment of its resources to achieve the 

greatest results.  Those results, once the East Side Big Pipe is operational, will be a 96 

percent capture rate of CSOs.  And, as a testament to the effectiveness of green 

infrastructure in controlling stormwater, ―plans are to expand the use green infrastructure 

stormwater controls to address future pressures that may increase CSO discharges.  

Specifically, those pressures are increased impervious surfaces from infill and new 

development as well possible increases in rainfall patterns.‖219 
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Philadelphia 

Philadelphia's guiding document for water management serves as its federally 

mandated Long Term Control Plan (LTCP) for managing combined sewage overflows.  

Despite the narrow scope of the intent, the plan does not confine itself solely to the issue 

of CSOs, instead utilizing the opportunity to update the plan by taking a broader 

approach that focuses on improved watershed management as means of combating CSOs 

and improving overall water quality.  In this regard its approach is comparable to the 

Portland and Chicago plans, both of which sought to promote improved water quality 

throughout their respective jurisdictions; though at 719 pages, Philadelphia's Green City, 

Clean Waters watershed management plan is far more comprehensive and detailed than 

either. 

Whereas Chicago and Portland created plans that arrived before the public in their 

completed form, Philadelphia used the occasion to update their LTCP as a full-scale 

planning exercise that involved the public from inception through the completion of the 

plan.  In order to solicit public input the Philadelphia Water Department (PWD) created a 

Public Participation Program Team that was tasked with creating an advisory committee 

that consisted of City, state and community representatives including those representing 

local civic, business and environmental organizations.  The advisory committee was 

responsible for ―providing oversight and guidance to the PWD throughout the 

development of the LTCPU, along with providing input specifically on the development 

of the communication strategies, on public information and on outreach materials.‖
220

  

Four series of public meetings were also held (with each series consisting of several 

meetings in different locations of the City, though covering the same material) to solicit 

input from the public and to provide updates on the drafting of the plan, in addition to 

seven targeted meetings for civic groups with interests in stormwater management.  This 
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public participation process succeeded in prioritizing goals for the end result of the 

planning and implementation process in addition to creating a process and medium 

through which public outreach and education could be implemented in the broadest and 

most effective manner.
221

 

Another important first-step in the development of the LTCP update was the 

effort to characterize current conditions which involved data collection and analysis.  As 

part of the previous LTCP agreement, the PWD had been monitoring several watersheds 

for biological, chemical and physical impairments to watershed health.  In addition, data 

was available from the United States Geological Survey and the Delaware River Basin 

Commission monitoring stations along the Delaware and Schuylkill Rivers.
222

  The 

information collected included data from: 1) monitoring stations that detailed 

impairments to water quality; 2) meteorological data with a focus on precipitation; 3) 

data collected from the municipal sewer system including influent flow characterization 

and system performance measures, and; 4) socio-economic data for areas within 

particular watersheds.
223

  By collecting this data PWD was able to create a baseline 

model of current conditions that could be used in comparison with models developed to 

show conditions after implementation of proposed plans.
224

 

To develop a set of proposed alternative implementation plans data was collected 

on the costs and performance of close to one-hundred stormwater BMPs, broken down by 

Land-Based Control Measures (source controls), Water-Based Control Measures, and 

Infrastructure-Based Control Measures.  The feasibility and costs of these measures was 

analyzed and incorporated into five different scenarios.  Those scenarios were then 

modeled in comparison with the baseline model to determine the costs and effectiveness 

in reaching the goals of the LTCP.
225

 

As mentioned in the previous description of the plan, a ―triple-bottom line 
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analysis,‖ which took into account the environmental, fiscal and social benefits was also 

performed to create a more holistic picture of each alternative.  Having undertaken this 

analysis, PWD identified the alternative that was predicted to perform best and conducted 

public meetings to present the alternative, explain the elements of the plan and solicit 

feedback.  Among those who attended the meetings 92% were in favor of the approach 

selected by PWD.
226

 

Having undertaken this process Philadelphia was able to quantify the costs and 

benefits of this plan and will now be able measure the effectiveness of its selected plan in 

comparison with its baseline analysis, enabling the City to tweak elements of the plan 

that do not satisfy the goals as planned.  More importantly, the public buy-in engendered 

through the involvement and educational aspects of the public participation process 

helped to create public support for the plan, investing the public with both a sense of trust 

in and responsibility toward their community. 

Perhaps the boldest element of the plan is that related to the financing.  By 

charging rate-payers for the estimated amount of stormwater runoff generated through the 

parcel-based billing program rather than a flat fee, rate-payers have a financial incentive 

to reduce their stormwater runoff whereas under the flat-fee system there was incentive to 

provide no remediation because any effort towards that end would not be rewarded, while 

practices that exacerbated the problem went unpunished.  Just as importantly, charging 

rate-payers for the amount of stormwater generated creates awareness of the issues 

surrounding stormwater by virtue of engaging the financial self-interest of those rate-

payers.   

While the parcel-based billing program incentivizes good behavior, Philadelphia’s 

new development guidelines – which call for the development of a stormwater mitigation 

plan for developments and redevelopments that disturb 15,000 square feet of earth of 
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more – mandate good behavior.  This approach allows the City to nudge current 

landowners to adopt good behaviors while obligating those wishing to do business with 

the City to engage in it or have permission withheld.  However, by offering assistance 

through the Stormwater Management Guidance Plan the City is establishing a mandate 

yet walking developers through the process, helping to enforce compliance and creating a 

base of knowledge within the development community that ideally translates into 

standard practice in the years to come. 

While this plan awaits final approval from the EPA, the Philadelphia Water 

Department launched a new website dedicated to watershed protection that provides an 

interactive compliment to the Long-Term Control Plan.  The website discusses issues 

effecting water quality throughout the City, provides maps detailing the flow of water 

through the City’s watersheds and interactive maps that allow users to investigate the 

City’s water infrastructure, discusses all the elements of the Green City, Clean Waters 

Program, provides an interactive map displaying CSO events occurring within the last 24 

hours, and includes a ―Homeowners Guide to Stormwater Management‖ among other 

things.‖227 

The plans, programs and efforts of the reviewed cities each provide examples of 

effective strategies and approaches to develop and implement successful CSO/stormwater 

management programs.  In addition, when compared with one another, the deficiencies of 

each program become more evident.  The next section has distilled the elements from 

those programs that were successful and used the points of comparison between programs 

to draw up a list of recommended plan elements.  These are elements that should be 

considered by any city when drafting a plan and program for addressing CSOs and 

stormwater management. 
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Chapter 8: Recommended Plan Elements 

CHARACTERIZATION OF CURRENT CONDITIONS.   

All elements of a plan originate from an assessment of the problem at hand.  

Without understanding the extent of a potential program it is difficult if not impossible to 

determine whether a problem even exists, whether the extent of the problem is severe 

enough to warrant mitigation, and if so, what steps should and can be taken to mitigate.  

A proper analysis pinpoints areas of concern, allowing resources to be deployed where 

they might be most effective; and after those resources have been deployed, the initial 

analysis – having established a characterization of baseline conditions – will allow for 

tracking of progress to determine the effectiveness of particular technologies, strategies, 

and the plan as a whole. 

PUBLIC PARTICIPATION 

Municipalities generally carry out their functions with very little input from the 

public.  Some agencies are mandated to hold public meetings to inform those who would 

attend of changes proposed to services provided.  In some cases, public input comes in 

the form of outrage elicited through the proposal or actual implementation of an 

unfavorable program.  And sometimes agencies will actually solicit input from the public 

in the planning stages of a program.  Though this is not essential and can result in a 

prolonged planning process, in some cases it helps to build support for a cause that would 

otherwise go unnoticed or be received unfavorably.  In the case of stormwater mitigation, 

building public awareness and support can be critical to the success of a program because 

1) few people are aware of the issue, and 2) the proposals resulting from a stormwater 

mitigation plan will affect those people anyway.  If people are made aware of the 



 67  

existence of CSOs and how the built environment contributes to their proliferation they 

will understand – though not necessarily appreciate – the imposition of fees dedicated to 

their mitigation.  If the public is brought into the planning process, they might even 

appreciate the fees associated with mitigation and become active participants in 

implementing their own BMPs. 

GOAL SETTING 

Having characterized the current conditions of the plan area and begun a dialog 

with the public, a preliminary idea should emerge of what is physically, financially, and 

politically feasible to accomplish.  It is at this point that some general goals can be set.  

From these goals will spring particular targets and strategies to achieve those targets.  

Once in the implementation phase, these targets will be used as markers to measure the 

success of particular strategies in the cause of the end goal.  Should those strategies fail in 

achieving the goal steps can be taken to amend the plan.  However, with a goal in place 

the efforts of those implementing the plan will be guided by that goal rather than in 

simply implementing interesting technologies for their own sake. 

 INSTITUTIONAL SUPPORT 

Because the implementation of any plan takes place over the span of years or 

decades, it is important to foster institutional support among politicians and particularly 

the agency staff who will be tasked with administering the plan.  A plan should act as a 

guide for the efforts of those agencies involved rather than as simply an exercise in 

creating plans.  By bringing staff into the planning process and educating them as to the 

particular elements of the plan they will be responsible for as well as how those elements 

fit into the broader context of the plan, agency staff will better understand their role in 

achieving the shared goal and hopefully take ownership of the process.  Once established 
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as an agency priority, plan implementation will pass from one generation of agency staff 

to the next. 

This is especially important for those elements of the plan that must be executed 

by those agencies not directly charged with the drafting of the plan.  In the case of 

Chicago, Portland and Philadelphia the agencies responsible for drafting and coordinating 

the implementation of the plans were either municipal environmental or water agencies.  

However, cooperation with transportation departments, parks departments, and any other 

department that owns or manages city land will have a part in carrying out the plan.  

Ensuring that these agencies have input in the planning process and are clear about what 

their responsibilities are once the plan is put in action is imperative. 

DRAFTING, REVIEW AND REVISION OF LEGISLATION AND REGULATIONS 

If none exists, cities should draft legislation and regulations to address stormwater 

management.  Portland, Chicago and Philadelphia all developed stormwater regulations 

that require onsite management of stormwater for new development and substantial 

rehabilitation.  Stormwater management ordinances are critical to ensuring that new 

development does not exacerbate the problem of impervious cover, but rather neutralizes 

the threat of runoff. If legislation and regulation governing stormwater management 

exists, such legislation and regulation should be reviewed to determine whether, as 

currently drafted and implemented, it furthers the goals of the proposed plan.  Existing 

regulations may be inadequate to address higher proposed standards, may impose 

requirements that do not effectively meet the goals, or may simply not address the new 

direction that the plan is proposing. 

SUPPORTING PROGRAMS 

Institutional support can also come in the form of programmatic synergy.  A 
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successful plan cannot contradict or draw support from existing or planned programs that 

have some degree of overlap.  This can create institutional confusion, antipathy and 

decrease morale.  But if the plan is drafted in support of existing or planned programs, 

either as a master plan under which other programs are nested or as a program working in 

conjunction with those programs, the synergy among those plans will work towards a 

more comprehensive and effective approach. 

MODELING/TRACKING 

Along with a characterization of current conditions and the generation of a 

baseline model, modeling proposed scenarios and tracking of implementation are the 

tools available to assess what approach is most appropriate and whether the goals of the 

plan are being met.  By gathering as much data as possible and modeling a variety of 

approaches to stormwater mitigation, a plan’s drafters are ideally basing their selection 

on the approach that has the best cost-benefit ratio.  This process should identify 

strategies, provide a cost estimate for those strategies, designate appropriate areas of 

deployment for those strategies and estimate the performance of those strategies.  

Installing monitoring and tracking devices at sample locations will then allow for 

tracking of performance; should a particular strategy fail to match the estimates of the 

model, new strategies and technologies can be attempted or the assumptions of the model 

can be adjusted to provide a more realistic outcome given the new information.  Effective 

strategies can be implemented on a wider scale. 

DEDICATED FUNDING STREAM 

Identifying a dedicated revenue stream to fund stormwater mitigation initiatives is 

critical for the success of those initiatives on several levels.  By creating a dedicated 

funding stream for stormwater initiatives as opposed to funding them out of a larger 
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general fund, the level of funds supporting those initiatives are less susceptible to 

variations in the budget cycle that would pit stormwater funding against other initiatives 

in times of a budget shortfall.  A dedicated funding stream also identifies stormwater 

mitigation as a priority worthy of specific attention.  Perhaps the most useful feature of a 

dedicated funding stream is the ability to create a stormwater fee that is ideally tied to the 

generation of stormwater.  Philadelphia's parcel-based stormwater billing establishes a 

dedicated funding source for stormwater initiatives that, through its imposition of higher 

fees on those landowners generating greater amounts of stormwater runoff encourages 

the reduction of runoff, doubling the benefit of the funding mechanism. 

LEADING BY EXAMPLE 

A plan must include provisions to test and install green stormwater mitigation 

measures on public facilities.  Firstly, a municipality is generally the largest land-owner 

in a city, not only maintaining jurisdiction over schools, government offices, and parks 

but over roads which constitute a huge swath of land-cover in a city.  By virtue of this 

control, municipalities can drastically reduce stormwater runoff simply by installing 

stormwater mitigation measures on city-owned land.  Secondly, because municipalities 

control so much land, they can help to foster the industries that install these green 

stormwater facilities and in doing so bring down the price of installation through building 

a knowledge base and through economies of scale.  This makes it cheaper for the private 

sector to adopt these measures.  Finally, and in conjunction with the previous point, 

public sector leadership provides an example to the private sector that a city is serious 

about an issue.  Failure to lead creates animosity within the private sector that they are 

bearing the burden of implementation.  Moreover, it helps to brand a city.  By installing a 

green roof on the roof of city hall, Chicago could brand itself as ―America's Greenest 
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City‖ and point to its green roof as evidence of its commitment to that ethos.  Effectively, 

it says we put our money where our mouth is. 
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Chapter 9: New York City's Plan 

New York City’s 25 year plan released in 2005, PlaNYC 2030, outlined a number 

of areas of concern that the City needed to focus on with greater scrutiny and forethought.  

One of those areas of concern was increased water quality with the aim of increasing the 

public’s recreational use of and access to New York’s waterways from 48 percent at 

present to 90 percent by 2030.
228

  The initiative put forward to reach that goal was the 

promotion of cost-effective source controls for stormwater management.  The plan 

outlining this initiative was released in 2008 and entitled Sustainable Stormwater 

Management Plan. 

The Plan is comprised of ten initiatives, falling under three broad categories: 1) 

implementation of cost-effective and feasible controls; 2) resolving the feasibility of the 

most promising technologies, and; 3) exploring funding options for source controls.  The 

ten initiatives that fall within these broader categories and the documentation in support 

of them will be described and analyzed in the context of the Recommend Plan Elements 

described in the previous section.
229

 

CHARACTERIZATION OF CURRENT CONDITIONS 

The plan characterizes the current conditions in two parts.  The first 

characterization is provided in the chapter entitled ―Context‖ and gives a broad 

description of New York’s problems, along with a brief history of how those problems 

developed, the steps that have been taken in the past one-hundred years to mitigate those 

problems, and the current status of those problems.  The figures provided describe the 

problem, which is: despite a wastewater treatment system that encompasses 6,600 miles 

of force mains and interceptor sewer pipes, 14 wastewater treatment plants, and the 

ability to process 447 billion gallons of sanitary sewage and 35 billion gallons of 
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stormwater a year, the system still fails to capture 21 billion gallons of combined sewage 

overflows out of 433 outfalls each year.
230

 

The characterization goes on to graphically illustrate (utilizing Geographic 

Information Systems) the areas of New York City that are served from a combined 

sewage system – which only account for 49% of New York’s area – and those areas that 

are served by separate sewer systems, direct discharge or are un-sewered – which account 

for the remaining 51% of land area.  Despite accounting for a majority of the land area, 

those areas without combined sewage overflows are found predominantly in low-density 

sections of New York including the majority of Staten Island, eastern and southern 

Brooklyn and eastern Queens.
231

  The plan also illustrates the drop in fecal coliform 

bacteria concentrations from 1985 to the present; water-bodies and their corresponding 

watersheds that are out of attainment with water quality standards; and the locations of 

those 433 combined sewage outfalls throughout New York in addition to those found in 

the waterways of New Jersey rivers that drain into New York Harbor.
232

 

Though not directly related to water quality, the Plan provides the extent and 

geographic distribution of flooding complaints and sewer backups, and problems caused 

by excess stormwater in the system.  Interestingly, the areas most prone to flooding and 

sewer backups are those generally not served by combined sewer systems and located in 

lower-density neighborhoods.
233

  However, it is clear these problems are highlighted 

because the source control measures that are later proposed for mitigating CSOs also 

serve to mitigate flooding and sewer backups.   

Once the problem has been characterized the Plan goes on to provide a detailed 

analysis of land-use patterns in the City that affect the intensity and distribution of CSOs.  

The Plan provides a percent breakdown by land-use of New York’s composition.  The 

breakdown includes 23 categories of land-use which can be aggregated into five broader 
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categories: buildings and lots, right of way, open space, vacant land, and miscellaneous 

(includes airports, cemeteries, and several types of industrial facilities).  Each category is 

then designated an impervious ratio calculated from the average percent of impervious 

cover of that particular land-use.  The results of this analysis showed that buildings and 

lots (45.5% total land, 45.8% total impervious area) and right of way (26.6% total land, 

33.6% total impervious area) make up roughly 80% of the total impervious area of the 

City.
234

 

In addition to this analysis the Plan graphically illustrates the CSO volume to area 

ratio throughout New York City, indicating which areas of the City produce the greatest 

volume of CSO on a per acre basis.
235

  Together these analyses provide a blueprint for 

targeting resources to particular areas to get the greatest return on investment. 

PUBLIC PARTICIPATION 

The drafting of New York’s Sustainable Stormwater Management Plan was done 

with minimal initial public input.  Rather than incorporating the public in the drafting 

stages, the draft plan was compiled and then the public was given a 30-day comment 

period.  Prior to this, the City did establish a BMP Task Force that held public meetings.  

Those that attended these meetings were sent an email inviting them to comment on the 

Draft plan, though this list only included 350 people.  In addition a press release was 

announced on the City’s website and the draft was posted on the website of the Office of 

Long-Term Planning and Sustainability (OLTPS) along with a form inviting comments.  

In total, OLTPS received comments from 30 groups or individuals, this from a city of 

over 8 million residents.
236

  While those comments may have been helpful in soliciting 

ideas that were not originally considered, it appears that the drafting process did not 

succeed in generating widespread interest and participation among the vast public. 
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Despite this, the plan does include a public outreach component, though this part 

is somewhat vague.  The plan calls for the development and deployment of programs to 

educate the public through various mediums, including on the web and in classrooms.  In 

addition, the ―City will consider including case studies, water conservation and 

stormwater management tips, state-of-the-sewer system news features, and education on 

source controls on the back of water bills‖ along with considering ―engaging the public 

by prominently highlighting public demonstration and other source control projects 

underway in New York City with accompanying interpretive signage.‖
237

   

The most significant and visible effort to provide education on stormwater to date 

is the Visitor Center at Newtown Creek, which opened in the Spring of 2010.  Mentioned 

in the public education portion of the Sustainable Stormwater Management Plan, the 

Visitor Center at Newtown Creek is located at the Newtown Creek wastewater treatment 

plant and features ―DEP employees who narrate the cycle of water from water supply to 

distribution, wastewater treatment, and harbor water quality.‖
238

 Though the hours of 

operation are limited to weekdays between 10 AM and 4 PM – prohibiting many adults 

who work during those hours from visiting – the Visitor Center is able to target its efforts 

to school groups, providing education for children on a major feature of their City’s 

infrastructure.
239

 

Given the current economic climate coupled with rapidly increasing water-rates 

throughout New York City – due in part to the success of conservation measures that 

have reduced water-usage and thus revenues for usage
240

 – it is imperative that the City 

aggressively seek to educate the public on these issues.  Failure to do so will result in 

increased public antipathy towards a City government that the public sees as bilking them 

for money without providing needed services in return. 
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GOAL SETTING 

As mentioned in the introduction to this section, New York’s 25 year 

comprehensive plan, PlaNYC 2030, had as one of its goals the improvement of water 

quality in New York City’s waterways to the point that 90% of those waterways, up from 

48% at present, would be accessible for recreational use by the public.
241

  Several 

initiatives within PlaNYC 2030 aim to make that goal a reality.  The Sustainable 

Stormwater Management Plan’s goal, as part of the larger effort of improving water 

quality, is to capture approximately one billion gallons of stormwater annually, over the 

existing plans.
242

 

Given that 28 billion gallons of untreated sewage and stormwater make their way 

into New York City’s waterways each year, this goal is modest.  However, the plan is 

designed to be implemented in a way that allows for adjustment and improvement, 

depending on the success of the policies implemented, and as such leaves open the 

possibility of establishing more ambitious goals if existing goals are met.
243

  More 

importantly, the Plan establishes a quantifiable goal – 90% accessibility to waterways, 

one billion gallons captured – by which success or failure can be measured.  That 

measure of success will then inform those responsible for developing and implementing 

policies whether new approaches need to be developed, or whether existing approaches 

need to be strengthened or weakened.   

INSTITUTIONAL SUPPORT 

Unlike the three cities that were evaluated in the case studies, New York City has 

established – as part of the PlaNYC 2030 endeavor – an Office of Long-Term Planning 

and Sustainability (OLTPS), which serves to ―coordinate and oversee efforts to develop 

and implement a strategic vision for the City's future working with City agencies and the 

Mayor's Advisory Board for Sustainability.‖
244

  OLTPS does not enact policy itself, but 
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rather helps to develop policies that will be enacted by the City agencies under whose 

authority the ability to enact policy would generally rest.  As the effective guardians of 

PlaNYC 2030, OLTPS has an interest in harmonizing the efforts of individual City 

agencies such that those efforts work in concert to realize the goals of PlaNYC 2030.  

The drafting of the Sustainable Stormwater Management Plan accordingly involved the 

creation of the interagency BMP Task Force, which was comprised of representatives 

from 14 City agencies responsible for infrastructure or development that may have direct 

impacts on pollution in our waterways.  The Task Force met regularly to discuss and 

analyze ways to incorporate source controls into the design and construction of City 

projects.  Representatives focused on four areas where source controls could be 

implemented: public right-of-way, city-owned property, open space, and private 

development.  This exercise produced 350 potential improvements that were later refined 

to produce the Sustainable Stormwater Management Plan.
245

 

This process is an exemplary model of how, through collaborative action, 

institutional decision-making can be conducted to address a multifaceted problem 

spanning the purview of multiple agencies.  By bringing these agencies together, 

consensus and understanding can be reached on the scope and nature of the problem, 

agency-specific knowledge regarding the effects of those problems on operations can be 

discussed, and solutions can be crafted that address those specific problems in a manner 

that might also serve to address the institutional concerns of other agencies.  The result 

should be a more efficient approach that reduces redundancies by looking for solutions 

that tackle multiple issues.  With all Agency stakeholders present, it should also become 

evident to all where the responsibility for specific initiatives lies.  Were the process to be 

presented graphically, it would depict an hour-glass figure where all the stakeholders and 

their various concerns filter into a prescribed process that refines those concerns into 
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definitive action, which is then delegated back out to those agencies in the form of policy. 

Most importantly, having undertaken this process, those members of the task force should 

bring back to their respective agencies a sense of mission that informs fellow employees 

and guides and inspires implementation. 

DRAFTING, REVIEW AND REVISION OF LEGISLATION AND REGULATIONS 

Unlike Chicago, Portland and Philadelphia, New York City has yet to develop and 

implement legislation to regulate onsite stormwater runoff from new development and 

substantial rehabilitation projects.  However, the Sustainable Stormwater Management 

Plan does state that ―the City will develop and finalize a performance standard for new 

construction that will be adopted as part of its sewer regulations and sewer code.‖ 246 

Given that New York City is substantially built out, the inclusion of substantial 

redevelopment should also be included as part of the regulation in order to capture a 

greater share of land undergoing redevelopment within the stormwater management area. 

SUPPORTING PROGRAMS 

The Sustainable Stormwater Management Plan is itself part of the broader 

PlaNYC 2030 initiative to improve water quality; it works to support the goal of a 

greener and greater New York – PlaNYC 2030’s slogan.  To further the goals of other 

initiatives outlined in PlaNYC 2030, in addition to guiding their own agencies’ 

operations, several City agencies have developed plans and manuals that incorporate 

many of the approaches outlined in the SSWM Plan.  The SSWM Plan points to four 

agency manuals that have been developed or are in development that will complement 

the SSWM Plan.  These come from the departments of Parks and Recreation, 

Transportation, Environmental Protection and Design & Construction.  Their manuals 

are: Park Design for the 21st Century, Street Design Manual, Water Conservation 
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Manual, and Sustainable Urban Site Design Manual, respectively.  These manuals 

incorporate elements of stormwater management within the infrastructure projects these 

agencies undertake thereby leveraging the funding and manpower already available to 

these existing City agencies towards stormwater management.
247

 

As the agency with the greatest responsibility for New York City’s water and 

sewage services, the Department of Environmental Protection (DEP) also has several 

educational and incentive programs that promote sustainable stormwater management.  

These range from educational outreach programs based in schools around the City to 

water conservation programs such as the Comprehensive Water Reuse Program which 

offers buildings a water rate reduction for recycling and reusing water.
248

 

In addition, in September of 2010 DEP released the NYC Green Infrastructure 

Plan which seeks to control 10% of runoff from impervious surfaces throughout the City 

using green stormwater infrastructure.  The development of this plan was a key 

component of the Sustainable Stormwater Management Plan and its release now provides 

DEP along with its sister agencies and private developers a blueprint for the most cost-

effective types of green infrastructure BMPs that can be implemented in a given 

setting.
249

 

New York City has also tried to incentivize the adoption of green roofs 

throughout the City by working with the state to create a Green Roof Tax Abatement 

which provides an abatement of $4.50 per square foot of green roof up to $100,000.  This 

tax abatement cannot be combined with other tax abatements, however, limiting the 

eligibility of buildings that are currently in programs providing tax abatements for other 

types of system upgrades.
250

 The City does not make public the numbers of buildings 

taking advantage of this incentive, but since the program began in March of 2009 

anecdotal evidence indicates adoption is not widespread.
251

 The publication and 
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implementation of the Green Infrastructure Plan will likely increase adoption of green 

roofs as the technology receives greater exposure and building managers, co-op boards, 

and developers become more aware of the tax abatement. 

DEMONSTRATIONS/MODELING/TRACKING 

As part of its characterization of current conditions the Plan undertook an analysis 

to identify the City’s land-use pattern, gauge the amount of impervious cover associated 

with those land-uses, and calculate the amount of CSOs generated from those land-uses 

by extension identifying the geographic distribution of CSO contributors.
252

  This is a 

necessary first step in the process of modeling and tracking the performance of various 

technologies because it establishes both the baseline numbers from which a proper 

analysis may be undertaken and also identifies which areas are potentially most 

appropriate for certain types of technologies.  For instance, having established that 80% 

of impervious surfaces throughout the City can be attributed to buildings, lots, and right 

of way,
253

 it follows that technologies targeted at these areas would have the largest effect 

on CSO reduction. 

The Plan compiles cost and performance data for a variety of source controls, in 

addition to briefly describing how they function, appropriate areas for implementation 

and barriers to implementation.
254

  With this information, along with the land-

use/impervious cover analysis, the Plan develops seven scenarios, each one a policy 

prescription to be implemented over time combining a set of source control technologies 

with specific areas of implementation.  In addition, an eighth scenario is analyzed 

separately that describes the cost and effect of implementing CSO detention facilities. 

These seven scenarios are ranked based upon their cost, feasibility of implementation, 

and runoff capture rate.  Having been ranked, the effects of the scenarios (i.e. the cost and 
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volume of runoff captured) are analyzed cumulatively, such that the scenario that is the 

easiest and cheapest to implement initially is considered first, with the effects of each 

succeeding scenario being added to produce a theoretical picture of the cost and effect of 

a fully realized plan (i.e. seven implemented scenarios) for implementation.  The analysis 

suggests that the first six scenarios, cumulatively, can retain or detain just over 9.8 billion 

gallons of stormwater at a cost of $2.12 billion; however, implementation of the seventh 

scenario, a 50% right-of-way build-out, which would bring the capture rate to roughly 24 

billion, would cost over $19 billion dollars.
255

  The caveat to this analysis is that the 

―exact relationship between those quantities [runoff captured via source controls] and the 

corresponding reduction in CSOs is not yet established.
256

  Effective tracking is necessary 

to determine this relationship.  Moreover, a better understanding of the performance of 

the technologies that are part of each scenario is needed to gauge whether the overall cost 

and effectiveness of those scenarios is realistic. 

To accomplish this, the City is currently conducting and planning approximately 

20 pilot studies and demonstration projects that: 

 Will test specific source control technologies, such as green roofs, blue roofs, 

porous pavement and enhanced tree pits; 

 Test the effect of a group of source controls on particular types of properties, 

such as right-of-ways, public housing, and ball fields, and; 

 Test the effect of large-scale implementation within a section of New York 

City watershed (Bronx River Pilot Study).
257

 

These pilots seek to ―quantify the benefits of stormwater capture and the costs of 

construction, operation, and maintenance‖ in addition to projecting specific attributes 

such as pollutant removal levels and the survivability of installed vegetation.
258

  Based on 

the ongoing collection of data and the end results of these pilots, the agencies in charge of 
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testing will develop and update models that aim to predict the effect of more widespread 

implementation.   

On a larger scale, as part of this plan the City is conducting two surveys and 

subsequent GIS mapping exercises that will characterize soil conditions and impervious 

cover throughout the City.  This information is intended to direct agencies and private 

owners to locate appropriate areas for source control implementation.  The information 

will also be used in conjunction with the results obtained from the pilot studies to create a 

model that will ―seek to determine street-level hydraulic conditions, CSO reductions and 

other water quality benefits that could be achieved through source control 

implementation‖ in addition to considering ―the performance of individual source 

controls as well as the effects of rezoning and growth projections, alternative drainage 

modification, and other climate adaptation strategies.‖
259

 

As these pilots progress, as City agencies implement current projects that fall 

under the rubric of stormwater capture, and as new source controls are implemented to 

that same effect, it is necessary to collect data that tracks the extent of implementation 

and performance of installed technologies.  Currently, only the Parks Department collects 

information pertaining to stormwater capture, namely the number of tree plantings.
260

  

The Plan aims to extend this system of data collection so that each agency will add fields 

to their existing databases tracking the number and nature of source control technologies 

that are deployed.
261

  The performance of installed source controls will not be monitored 

onsite, the belief being that expected performance was previously ascertained during pilot 

studies.
262

  This policy may reflect the difficulty and expense of continued onsite 

monitoring, but it leaves the monitor blind with regard to performance issues.  Effective 

maintenance is intended to keep the source controls functioning at expected performance 

levels, but absent monitoring – even sample monitoring – it is difficult to know with 
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certainty whether that is in fact the case. 

The fragmented nature of the tracking strategy is also problematic.  With each 

agency maintaining their own databases, there arises the problem of accessibility and 

compatibility; sister agencies may not have access to each other’s databases, and if they 

do have access, the manner in which that data is stored and managed may create 

compatibility issues.  A better system would entail the creation of a centralized database 

management system that would provide for a common platform and format for recording 

source control implementation.  Another option would be for the agencies to maintain 

their own databases but agree to a common database format and procedures for inputting 

data, in addition to providing open access between agencies.  A system of this sort will 

not only help in tracking the extent of implementation, but allow agencies to see where 

implementation has taken place and target their own efforts to either supplement or avoid 

duplication of previous efforts. 

The ability to track the actual reduction in CSOs is perhaps the most important 

feature of the tracking process because it provides the ultimate measure of progress and 

effectiveness; however, the Plan discusses the infeasibility of providing such tracking.  In 

2007 the Department of Environmental Protection tested four different metering systems 

at several CSO outfalls throughout the City.  The flow meters were meant to detect and 

quantify instances of CSO.  The results showed that the meters worked well during dry 

weather situations, but were deemed unreliable during wet weather scenarios.  The 

recommendation resulting from this pilot study was that none of the meters were fit for 

long-term installation to measure CSO volumes.
263

  For the City, this means exact 

measurement of CSO volume from individual outfalls is not, at present, an option; the 

effect of source controls on CSO reduction will remain estimates. 
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DEDICATED FUNDING STREAM 

At present, the installation of stormwater source controls is carried out by several 

agencies and is paid for with capital funds raised through taxes or fees.  In the case of the 

DEP, most of its activities are paid for by charging land and building owners for water 

usage.  The City is currently conducting a water and wastewater rate study that seeks to 

create a rate system that better reflects stormwater and wastewater generation.
264

  The 

current system skews water rates so that the largest users of water, rather than the largest 

generators of stormwater, pay higher rates.  The City’s rate study aims to fix this 

problem, thereby creating a payment system that both targets the generators of 

stormwater and through pricing mechanisms, incentivizes those generators to implement 

stormwater mitigation strategies. 

LEADING BY EXAMPLE 

As mentioned in the Tracking/Modeling section, the Plan discusses 20 ongoing 

and planned pilot projects that will test the performance and feasibility of promising 

source control technologies, policies and approaches to stormwater mitigation.  

Undertaking these pilot studies demonstrates a commitment by the City to gather 

empirical evidence determining the viability of sustainable source control technologies 

and by extension provide exposure and credence to sustainable stormwater management 

as an issue deserving of government time and treasure.  By conducting the studies, the 

City also begins to generate expertise among City workers and non-governmental 

contractors who are responsible for constructing these facilities, thereby improving the 

feasibility of further implementation.  

Existing programs, such as tree plantings, Greenstreets and the Staten Island 

Bluebelt (a 10,000 acre semi-natural system of parks and preserved land that manages a 

third of the stormwater on Staten Island) are more visible instances of stormwater 



 85  

mitigation efforts by the City, though stormwater mitigation is not their sole purpose.  

The City’s tree planting effort is particularly notable due to the public-private partnership 

that was established, called the Million Trees Initiative (one of the initiatives put forth as 

part of PlaNYC 2030).  Through private donations and Parks’ department funding, the 

Initiative has created advertising that can be seen throughout the City’s subway system 

and bus system.  In addition, the Initiative has a dedicated website that, among many 

things, provides information on requesting a free street tree – courtesy of the Parks’ 

Department – how to donate, and volunteer, and provides a running count of the number 

of trees planted through the initiative, which, as of the beginning of 2011, has reached 

approximately 420,000.
265

 

Additional high profile projects where stormwater mitigation is a significant 

component include the new Queens Botanical Garden Visitor Center and Remsen Yard, a 

DEP maintenance facility.  Both of these facilities capture and treat 100% of the onsite 

stormwater, using the treated water for operations.
266

  In the case of the Queens Botanical 

Visitor Center, the water treatment process occurs as water flows throughout a man-made 

stream populated with plants capable of removing pollutants.
267

  The Remsen Yard 

project uses the captured and treated water for its operations, which include the cleansing 

of DEP trucks and machinery.  Average daily use is 6,600 gallons, of which 51% is now 

provided through stormwater capture.
268

  These two projects are among fifteen signature 

projects designed and developed by the New York City Department of Design and 

Construction (DDC), which resulted from the passage of Local Law 86 of 2005, which 

requires most municipal structures, and all those developed by DDC to reach LEED 

certification.  To date 60 structures incorporating the principles of sustainable design 

have been built.
269

  These projects are featured on DDC’s website, along with a 

description of the project and the sustainable elements associated with them.  In addition, 
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the website provides an interactive map that allows users to identify the location of these 

projects throughout the City.   

This level of transparency and promotion is critical to building a bridge between 

government policy and action, and the public.  While the incorporation of sustainable 

design and stormwater mitigation into municipal structures is a critical component of a 

successful sustainable stormwater mitigation plan – in that these structures are reducing 

the volume of stormwater entering the system – the promotion of such projects creates 

awareness among the public of the importance of stormwater mitigation, and hopefully 

encourages the public to take similar efforts on their own property and push for increased 

implementation citywide.   

However, when compared with the efforts of Chicago, there is a notable contrast 

to be made; while DDC projects are laudable for the quality of their design and the 

measures taken to address stormwater, none match the iconography of installing a green 

roof on City Hall.  Such an act has the effect of metonymically tying city government, 

signified by City Hall (and often referred to as such), with sustainability.  This is how 

Chicago can brand itself as ―America’s Greenest City‖ whether or not that claim is 

verifiable: if the physical manifestation of political power, City Hall, is itself a symbol of 

sustainability, by extension, the acts resulting from that political power are also 

associated with sustainability.  That New York has not yet taken the opportunity to 

follow Chicago’s lead may reflect engineering limitations that make it infeasible to install 

a green roof on its own City Hall, but its failure to do so marks an opportunity wasted 

that can not yet be made up for – in terms of drawing attention to and inspiring the public 

to follow suit – by all the other projects currently installed. 

 



 87  

Conclusion 

Ultimately, a city’s strategy for managing stormwater cannot be measured simply 

by the installation of one green roof, even if that green roof is located on the most iconic 

city-owned building.  It is the sum of the parts of the plan and how they relate to one 

another that determine the potential of that plan to succeed. 

In the case of New York the plan presented, along with the existing and proposed 

programs for stormwater management and CSO mitigation, set a clear, if not overly 

ambitious, goal to improve water quality to the point that 90 percent of New York’s 

waterways are publicly accessible by 2030.  By establishing a very broad goal, New York 

was able to establish a process for addressing the main contributors of poor water quality 

– stormwater and combined sewage overflows – in a manner that is flexible and allows 

for trial and error.  Additionally, the goal itself is a tangible, rather than numerical, 

objective.  Reduction in stormwater and CSO volume is a concern for municipalities 

because of the impacts that stormwater and CSO runoff have on the environment, 

economy and human health, and in terms of compliance with laws (Clean Water Act 

Amendments) enacted some 30 to 40 years earlier.  Specific volumetric reductions in 

stormwater and CSO volume don’t necessarily correspond one-to-one with improvements 

in water quality, particularly in varying environments.  For instance, a 10 percent 

reduction in CSO volume in Portland, Oregon may not have the same effects as a 10 

percent reduction in New York due to the variability in precipitation, the location of CSO 

outfalls and the ecology of receiving waterways. 

On the other hand, if a municipality knows that large reductions in CSOs and 

stormwater runoff are required to achieve much improved water quality and reach 

regulatory compliance, then aggressive targets for CSO reduction, such as those sought 
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by Portland and Philadelphia, are necessary as a means of engaging planners in an 

exercise that fully encapsulates the scope of the problem and the steps needed to fully 

reach compliance.  For both Portland and Philadelphia that exercise led planners to 

conduct detailed analyses of watersheds, land-use and CSO occurrences, and then 

prescribe a comprehensive approach consisting of regulations and initiatives designed to 

address the many factors contributing to CSOs.  Without aggressive targets planners are 

left to implement ad-hoc approaches – such as the case with Chicago – which are likely 

effective in reducing the volume of CSOs, but do not necessarily address the full extent 

of the problem. 

While New York did not set specific goals for CSO reduction, beyond the 

immediate increase in the capture rate from 70 to 75 percent resulting from the current 

construction of large-scale source control infrastructure, the depth of the analysis 

undertaken matched that of Portland and Philadelphia and resulted in a theoretical 

prescription akin to both cities, one that effectively imagined a near total capture rate for 

CSOs.270 That the prescription for near-total capture – 50 percent right-of-way build-out 

with green infrastructure – comes with the caveat that at present it is financially and 

practically infeasible to implement for the purpose of stormwater control alone, does 

seem to indicate that New York has no intention of aiming for near-total capture in the 

near future.   

What the document amounts to, then, is a preliminary plan of action pending 

further analysis.  In and of itself this is commendable – New York has identified the 

problem, analyzed its causes and is testing the effectiveness of potential approaches.  But 

the plan lacks any requirement for action.  While Portland has developed specific 

programs that have been put into action, and Philadelphia has created a plan that will be 

bound by the force of law, and Chicago has taken the concrete steps of installing green 
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infrastructure throughout many parts of the City, and all three have implementing 

development standards for stormwater regulation, New York’s plan is simply a set of 

intentions.  There is nothing binding as of yet, and in a city as large as New York, with as 

many competing interests and funding obligations, there is the danger that the plan can 

languish until a higher authority – the New York State DEC or US EPA – mandates that 

action be taken, at which point a good portion of the analysis that went into the plan may 

be obsolete. 

Should New York follow through on the ideas presented in its Sustainable 

Stormwater Management Plan, it will serve as an example, along with the many of other 

cities throughout the U.S. that have drafted water quality/CSO mitigation/stormwater 

management plans, of an extensive – though not entirely thorough – planning exercise, 

one that not only seeks to combat a detrimental environmental condition, but also seeks 

to enrich what is currently a blight.   

As the economic importance of shipping and heavy industry declines among port 

and coastal cities, the economic activity of those cities’ waterfronts must shift toward 

new and more productive uses.  As mentioned earlier, waterfront recreational activities 

can provide a significant source of revenue for areas located on the waterfront.  In cities 

such as New York, where waterfront recreation has been the reserve of the few and the 

brave for the past one-hundred years, the potential for increased economic activity is 

limited only by the ambition of the City’s residents, and the obstacle of poor water 

quality.  Improved water quality will also unleash the economic potential captured by the 

restoration of native ecology.  New York Harbor was, according to estimates, once home 

to half the world’s oysters.271  The oyster remained an important economic asset, for both 

export and local consumption, until the beginning of the 20
th

 century when pollution from 

sewage and industry decimated the oyster population.272  With the improvement in New 
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York’s water quality over the past 30 years, there is renewed interest in oyster farming in 

New York harbor; however, at present consumption of shellfish from the harbor 

prohibited due to pollution.273 Eco-tourism is another industry that can prosper with the 

improvement in water quality.  Seal watching tours are now available in New York 

Harbor as harbor seals have begun to return to the area following a long absence.274 

Ultimately, eliminating CSOs and pollution from stormwater runoff is not just 

correcting a previous design flaw.  It now represents the potential for economic 

transformation and opportunity.  For fading cities it can represent a chance for rebirth and 

for growing cities, it is the chance to ensure that existing amenities remain for 

generations to come. 
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APPENDIX A 

Response to email questions from Melanie L Garrow, Wet Weather 

Overflows Program, Manager Philadelphia Water Department Office of Watersheds.  

Contact: melanie.garrow@phila.gov | (215) 685-6036. 
 

I have answered the questions that I felt were applicable to Philadelphia. As we 

do not have an official signed document yet, it is hard to answer questions on the success 

of implementation or how things may change.  We will be producing an Implementation 

and Adaptive Management Plan within 6 months of a signed document that we discuss 

how Philadelphia plans to go about achieving its goals as well as information on things 

such as interagency coordination and streamlining.  The numbers I am stating below are 

the current draft numbers and are subject to change in negotiations with our regulators.  

1)  Did your agency draft a specific plan to address CSOs? If so, what stage is 

the CSO plan currently in? Have there been significant changes in approach to what 

was initially proposed in the plan? 

The Philadelphia Water Department (PWD) drafted a Long-term Control Plan 

Update (LTCPU) in 2009 to address CSOs in Philadelphia. This is an update to the 

PWD’s original Long-term Control plan that was implemented in 1997.  The original 

plan contained three major elements: technology-based capital improvements, 

comprehensive watershed planning, and ongoing implementation of the Nine Minimum 

Controls. 

The LTCPU is currently a $2 billion, 25 year plan in which PWD will invest in 

green stormwater infrastructure solutions to protect and enhance our region’s waterways 
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by managing stormwater run-off in a way that significantly reduces our reliance on 

construction of additional underground infrastructure. 

PWD seeks to achieve a host of environmental, social and economic benefits, 

while also meeting our responsibilities toward clean water.  Our plan is to manage the 1st 

inch of run-off on one third of the impervious cover within the City’s combined sewer 

drainage area.  As these green stormwater infrastructure practices manage the first inch of 

rainfall that would normally flow into storm drains, they also enhance the visual, 

recreational and ecological assets of our community.  We firmly believe that money spent 

on stormwater management and the attainment of CWA goals should also improve 

natural resources and allow us to realize a new standard of sustainable urban design. 

The LTCPU is still currently being negotiated with our regulators and we expect 

to reach a consensus on a final document soon. 

2)    Is your agency currently piloting new technologies/approaches and/or 

have those technologies/approaches been installed on a wider scale? If they have 

moved passed the pilot stage, what is the extent of implementation?  

PWD’s approach is to manage roughly 45% of the impervious cover within the 

CSO drainage area.  The City has put forth a commitment to achieve 9,500 Greened 

Acres, but the total program is aimed at achieving 12,080 Greened Acres within the CSO 

drainage. 

PWD’s initial approach to achieving management of impervious cover is to focus 

efforts on publicly owned impervious cover and the larger, more commercial properties, 

and to use programs addressing impervious cover on smaller private properties to 

increase the level of control as needed. 

Also, because of the City’s updated stormwater regulations adopted in January, 

2006, every development/redevelopment project initiated within the City limits with an 
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area of disturbance greater than 15,000 square feet must manage the first inch of run-off 

from the site—which is the same measure that PWD is utilizing for our Greened Acres 

concept. 

3)    If legislation and regulation were part of the plan, are they in effect?  If 

not, does the agency currently have plans to pursue legislation or are their other 

paths the agency has decided to pursue? 

With a city-wide redevelopment rate of roughly 1% annually, PWD sees 

additional greened acres garnered through private investments through the 

implementation of the Stormwater Regulations that were adopted in 2006. 

4)    How is your department tracking the success of your stormwater 

management plan in achieving its goals? 

PWD will be measuring their ―greening‖ of the CSO drainage with ―Greened 

Acres‖.   Greened Acres is a metric that accounts for the conversion of a highly 

impervious urban landscape through the implementation of projects that reduce 

stormwater run-off. A Greened Acre is described as an acre of impervious cover 

connected (tributary) to a combined sewer that subsequently is reconfigured to utilize 

green stormwater infrastructure to manage all or a portion of the stormwater run-off from 

that acre. Green stormwater infrastructure manages stormwater using one or more of the 

source control processes of infiltration, evaporation, transpiration, decentralized storage, 

alternative stormwater routing, and reuse. 

A Greened Acre is an expression of the volume of stormwater managed by green 

stormwater infrastructure, based on the design for the project, and is conditional on the 

proper operation and maintenance of the project. 

One Greened Acre is equivalent to 1 inch of managed stormwater from 1 acre of 

drainage area, or 27,158 gallons of managed stormwater. These volumes will be tracked 
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as Greened Acres (GA) using the following equation: 

Where:     GA=IC *Wd 

IC is the impervious cover utilizing green stormwater infrastructure (acres). This 

quantity can include the area of the stormwater management feature itself, as well as the 

area that drains to it. 

Wd is the depth of water over the impervious surface that can be physically stored 

in the facility (inches). Green stormwater infrastructure designs will be aimed at 

controlling at least 1 inch of run-off, and up to 1.5 inches of run-off, unless otherwise 

deemed feasible by engineering design. 

a)     Has there been a quantifiable reduction in CSOs? 

The Plan has not officially been implemented yet. Once implemented, the 25-year 

goal will be to meet 83.6% capture of the CSO volume and 85% capture of mass of the 

pollutants that otherwise would be removed by the capture of 85% by volume of the 

combined sewage collected in the Combined Sewer System (CSS) during precipitation 

events on a system-wide annual average basis. 
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APPENDIX B 

Response to email questions from Virgil Adderly, CSO Program Manager, 

Portland Bureau of Environmental Services. 

Contact: virgil.Adderly@portlandoregon.gov | (503) 823-7866. 

Background: Portland is currently in the final months of completing the 20-year 

CSO Program that was initiated in 1990 and codified in the 1991 Stipulated Final Order 

with the State of Oregon. Portland has developed various status and overview reports to 

explain what has been accomplished over the past 20 years, and to identify the on-going 

CSO reduction activities that will be implemented after the completion of the 20-year 

program.   

The responses to Zachary Stern’s question will refer to information provided in 

two of the more recent reports: 

 Summary of BES Presentation to EQC on: ―Progress for Controlling Portland 

Combined Sewer Overflows‖; EQC Meeting Date: December 9-10, 2010 

 Post-2011 CSO Facilities Plan, September 2010 [Chapters 1-4 provided only for 

this response but the full report can be provided if desired.] 

 

1) Did your agency draft a specific plan to address CSOs?  

Yes. The 1994 CSO Management Plan identified the specific plan Portland has 

followed.]  If so, what stage is the CSO plan currently in? [10 months from completing 

the entire program laid out in the 1994 Plan.] Have there been significant changes in 

approach to what was initially proposed in the plan?  [The general approach has remained 

fundamentally the same, but the scale and scope of that approach has increased.  The 

general approach for Portland CSO Management, as approved by the State of Oregon 
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when the Environmental Quality Commission approved the 1994 CSO Facilities Plan, 

has been 3-fold: 

 Cornerstone Projects:  Reduce the amount of stormwater entering the 

combined system by applying ―green‖ or low-impact development approaches 

including downspout disconnection, residential infiltration sumps, stormwater 

separation & water quality treatment, and stream day lighting/removal from 

combined system.  Later Green Streets (in public right-of-way) and private 

property improvements (eco-roofs, parking lot swales, planters, etc.) would be 

added to the toolset. 

 CSO Capture & Pumping:  These are the ―Big Pipes‖ or CSO tunnels that 

Portland has constructed for the Columbia Slough, the West Side Willamette 

River, and the East Side Willamette River tunnels.  The tunnels are used for 

capturing and conveying CSO to the large pump stations that lift the CSO and 

discharge into the collection system upstream of the treatment plant. 

 CSO Treatment:  Provide screening, primary treatment, and disinfection of 

captured CSO as required by EPA regulations.  Also operate system to send as 

much of the CSO through the secondary treatment system as possible. 

The scale or level of implementation has changed in that the Cornerstone Projects 

proved to be more effective and applicable than was projected in the 1994 Plan.  

Specifically, the Downspout Disconnection Program was expanded three times to 

increase the area served and to increase the actual rate of disconnection.  As of December 

2010, Cornerstone Projects account for over 37% of the CSO reduction required. 

The scale or area served also increased over time as the simplifications in the 

1994 Plan proved to be inadequate to control CSO in the southeast Portland area.  In 

addition, highly detailed computer models developed in 2005 revealed additional areas in 
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the Portland system that were connected to the combined area, which caused facility sizes 

and costs to increase. 

As explained in Section 3 of the Post-2011 CSO Facilities Plan, there were two 

major planning updates to the 1994 CSO Facilities Plan:   

 1997-2001 Willamette River CSO Pre-design which focused specifically 

on refining the Willamette control strategy  

 2005 CSO Sizing & Flow Management Strategy which focused on sizing 

the East Side CSO Tunnel while optimizing the CSO control work 

performed up in the basin along with the overall operations strategy. 

a) Is your agency currently piloting new technologies/approaches and/or 

have those technologies/approaches been installed on a wider scale? If they have 

moved passed the pilot stage, what is the extent of implementation? 

Portland’s pursuit of innovative and new technologies typically goes through two 

stages. First stage is the Pilot Project phase, and the second stage (if applicable) is the 

On-going Programmatic Phase.   

For Green Infrastructure, the testing and pilot project stage is carried out via 

specific programs designed to allow for innovation: 

 Sustainable Stormwater Program’s opportunity-based pilot projects (see 

Portland website http://www.portlandonline.com/bes/index.cfm?c=34598 ) 

 Innovative Wet Weather Program 

http://www.portlandonline.com/bes/index.cfm?c=35941& 

 Community Watershed Stewardship Program 

http://www.portlandonline.com/bes/index.cfm?c=43077&. 
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 Sustainable Water Infrastructure efforts examining decentralized wastewater 

treatment via ―Net-Zero Green Buildings‖ and ―The Living Machine‖ 

treatment systems.   http://www.portlandonline.com/bes/index.cfm?c=50907  

After the pilot project or innovation stage, the proven technologies begin to be 

incorporated into the planning, design, construction and operational activities of the 

agency.  The on-going programs that are making the new technologies standardized 

solutions for delivering combined, sanitary and stormwater services for the City of 

Portland include: 

 Sustainable Stormwater Program which includes the Green Streets Program 

and the Eco-Roof Program plus other standardized support functions. 

http://www.portlandonline.com/bes/index.cfm?c=34598& 

 Downspout Disconnection Program 

http://www.portlandonline.com/bes/index.cfm?c=43081  

 Clean River Rewards (Stormwater Discount) Program 

http://www.portlandonline.com/bes/index.cfm?c=41976  

 Combined Sewer Relief using Green Infrastructure (Tabor to the River 

Program, being expanded to more areas in combined system) 

http://www.portlandonline.com/bes/index.cfm?c=47591 

 Grey to Green Infrastructure Program (Citywide) 

http://www.portlandonline.com/bes/index.cfm?c=47203&  

Most of these programs are implemented primarily in the combined sewer area 

where multiple benefits are significant. 

For the grey infrastructure, Portland has performed pilot tests on various CSO 

treatment technologies including Vortex Separation, Ballasted High Rate Treatment 

(Actiflo), and Chemically Enhanced Primary Treatment (CEPT).  For various reasons, 
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vortex separation and ballasted high rate treatment were dismissed.  Portland is currently 

implementing CEPT at the Columbia Boulevard Wastewater Treatment Plant to treat the 

captured CSO and achieve an effluent quality that approaches secondary treatment 

results. 

b) If legislation and regulation were part of the plan, are they in effect?  If 

not, does the agency currently have plans to pursue legislation or are their other 

paths the agency has decided to pursue? 

The Amended Stipulated Final Order (ASFO) in 1994 reduced the required level 

of CSO Control on the Willamette River from 1-in-5 year winter & 1-in-10 year summer 

criteria to the more cost-effective 4-per-winter and 1-in-3 year summer criteria.  This 

change resulted in the State of Oregon developing new water quality standards for 

bacteria in CSO receiving streams that would reflect the State-approved level of CSO 

control. 

2) How is your department tracking the success of your stormwater 

management plan in achieving its goals? 

Success is measured in two ways.  1) By the number of facilities implemented or 

projects completed.  Each project has some measure of stormwater reduction associated 

with it based on detailed modeling.  As each project is completed, the amount of 

stormwater reduction associated with is added to the expected performance.  2) By actual 

measured CSO reduction at the outfalls serving the areas where the stormwater projects 

have been implemented. 

a) Has there been a quantifiable reduction in CSOs? 

Yes.  The measured reduction in CSO from the initial starting point to today has 

been 66% reduction in volume.  The remaining 30% will be completed within 10 months.  

b) Does Portland have a forum or venue for the different agencies involved in 
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implementation to coordinate and update each other on their efforts? 

The CSO Program Office is primarily the forum for all groups involved in CSO 

projects to coordinate and update the status of the work.  However, Portland’s Bureau of 

Environmental Services (BES) is responsible for wastewater collection & treatment as 

well as stormwater collection & treatment and watershed health.  Therefore, the primary 

groups involved in implementing CSO control are all within BES, and so coordination 

with other agencies is not a significant component of Portland’s CSO Program.   

Coordination with non-BES city agencies on specific sub-components not unique 

to CSO, such as with the Bureau of Transportation on Green Streets Program, is done on 

a program-specific basis rather than under the CSO umbrella. 

i) Are there specific elements of the interagency coordination that you would 

recommend other cities implement? 

No. 

ii) Are there any lessons Portland has learned about coordination between 

agencies and with the public that resulted in barriers to implementation? 

Coordination between agencies has not been a barrier in implementing the 

program. 

c) Are there any lessons learned so far that you can discuss, either in terms of 

successes that you would recommend be replicated elsewhere or things that should 

be done differently a second time around? 

 The Downspout Disconnection Program has been extremely cost-

effective and overall scale effective for reducing CSO.  The Downspout 

Disconnection Program has by itself achieved about 20% reduction of the 

original annual CSO volume.   
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 The Downspout Disconnection Program and the Green Streets Program 

have benefited the City and the CSO Program by providing tangible and 

visible components that the rate payers can see and support.  They have 

been the best community education and involvement tool we ever applied. 

 Constructing CSO tunnels parallel to our existing interceptor system that 

also discharges to the treatment plant has provided a highly reliable 

backup system to our primary sewage conveyance path.  If an emergency 

occurs to our primary collection system (structural failure or vandalism), 

the CSO system will capture the sewage and convey it to the treatment 

plant little or no discharge to the environment. 

 Integrating our CSO treatment system into our existing sewage treatment 

plant has resulted in cost-effective improvements and operational 

efficiencies that have saved a great deal of money.  However, co-mingling 

CSO with sanitary flows has made the regulatory review and permitting 

complex and resulted in unnecessary additional treatment requirements 

from EPA – not for environmental reasons but for legal permitting 

reasons. 

d) Based on what your agency has learned, are there plans to modify the 

current approach to stormwater management? 

Plans are to expand the use green infrastructure stormwater controls to address 

future pressures that may increase CSO discharges.  Specifically, those pressures are 

increased impervious surfaces from infill and new development as well possible increases 

in rainfall patterns. 

i) Is your agency looking for new technologies/policies to pilot? 

Yes.  Both in the area of green infrastructure stormwater controls as well as for 
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CSO & sewage treatment. 

ii) Are there technologies/policies the agency plans to discontinue or modify? 

Not that I am aware of. 

e) Is there a process in place to analyze new technologies that come into the 

market to see if they are a cost-effective, scalable solution that can become part of 

the city's stormwater management approach? If yes, can you describe that process? 

Yes.  This process was described above under Question #1a. 

f) Overall, how would you rate the success of your agency's approach? 

Very highly successful.  We will have achieved the 96% level of control within 

schedule. Using the Cornerstone / Stormwater Projects as the foundation allowed us to 

adjust the later phases of tunnels to better match the actual performance as well as new 

information learned.   

i) Did it characterize the problem sufficiently? 

Yes in that all of the CSO discharges will have been addressed through the 

approach defined in the 1994 CSO Facilities Plan.  However, the actual success and 

sizing of the program components varied: 

 The Downspout Disconnection was very successful and expanded twice 

beyond its original mission to gain higher levels of implementation. 

 The residential sumps /infiltration facilities proposed in 1994 was only 

applicable in less than half of the areas originally expected. 

 All 3 CSO tunnels were sized larger than the original 1994 plan proposed 

due to better modeling and monitoring data that was obtained during the 

design process. 

ii) Was the planning process able to identify solutions that match the scale 

and character of that problem? 
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Yes, I hope that is clear from the answers provided. 

iii) Has implementation of the plan presented unforseen challenges? 

(1) Underground Construction Challenges.  After several years of record-

breaking success in micro-tunnels and large diameter tunnels, we ran into 

micro-tunnel challenges due to excessively soft soils (zero blow counts) 

and in a different location large unexpected boulders.  New tunneling 

technologies have been required to address unexpected challenges in 

underground conditions as well as address the inability of ―proven 

technology‖ to achieve the expected results. 

(2) Regulatory Challenges from EPA:  Meeting EPA’s 1994 CSO Policy 

requirements as well as achieving 96% CSO reduction is not sufficient for 

EPA to sign-off or approve a CSO program.  EPA’s Office of 

Enforcement believes it is necessary to impose a federal consent decree on 

all agencies that have CSO discharges which may not meet water quality 

standards, even if the overflows are controlled to an infrequent occurrence.  

EPA believes a consent decree is the necessary enforceable document that 

legalizes controlled CSO systems for the duration of the decree. This was 

revealed to Portland in 2001, ten years after the State’s Stipulated Final 

Order was issued.  Portland has spent the last 10 years discussing and 

negotiating with EPA because Portland rejected the consent decree (we 

already have a State stipulated order) and pressed EPA to put their 

requirements in the NPDES permit.  That is finally happening (God 

willing), but even the permit negotiations have taken multiple years as 

EPA has difficulty defining how much CSO treatment is enough (―your 

analysis does not convince us that you have done all that you can, 
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therefore you must do more.‖)  We have shown that the actual benefits to 

the environment are negligible for doing more than Portland already has 

agreed to and is currently implementing.   
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