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Over 80 percent of the population of the United States lives in cities. The large population coupled with 
a dense built environment means that cities are generally at a higher risk for the negative consequences 
of polluted water. Philadelphia is a dense urban city with two major waterways flowing through it. As a 
city with a large population and large percentage of developed land, flood control and water quality are 
two major issues facing the City. In 2006, the Philadelphia Water Department passed a regulation 
requiring new development and redevelopment projects to manage stormwater runoff. An assessment 
was completed to understand why particular stormwater management practices were chosen in various 
private development projects throughout Philadelphia and learn the positives and negatives of 
managing them. 
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Introduction 

The natural hydrologic cycle is disrupted by construction. As buildings replace land and the 

natural tree canopy, there is less vegetation to absorb water when it rains. Except in dense cities, 

ground level vegetation and trees will absorb the rain from a storm. However, when larger storms occur 

in dense, urban areas with heavily constructed surfaces the surface runoff is greater in those cities than 

in rural areas with natural ground cover. Most storm sewer systems can accommodate excess water. 

However, during large rain and snow melt events, some water sewer systems do not have enough space 

to accommodate excess water nor is there enough vegetation in built environments to absorb and 

accommodate the excess water. When the ground and infrastructure cannot accommodate the water, 

excess water pools in low lying areas and in streets. It mixes with ground level pollutants such as motor 

oil, animal feces, fertilizers and trash. The polluted water may remain stagnant for days or may flow into 

rivers and streams, untreated.  These water bodies are the same areas that are used for swimming, 

fishing, water activities and can also provide drinking water. The negative consequences of polluted 

water are insurmountable.  

Over 80 percent of the population of the United States lives in cities. The large population 

coupled with dense built environment means that cities are generally at higher risk for the negative 

consequences of polluted stormwater and the available innovation would benefit the greatest number 

of people in these locations. This paper will focus on what stormwater management is, why it is 

important and in particular why low impact development (LID) is the best option to manage stormwater. 

A focus on LID projects in Philadelphia will be used.  As it relates to Philadelphia, the purpose of this 

component of the project is to understand why particular stormwater management practices (SMPs) 

were chosen in various private development projects throughout Philadelphia and learn the positives 

and/or negatives of managing them.  

 

Background 

Cities and Construction 

Since the industrial revolution there has generally been a gradual move to cities. These centers 

of industrial growth attracted people seeking work, as well as their families. Cities like New York, 

Chicago, Philadelphia and Detroit promised jobs, competitive wages, and access to education, housing, 

and transportation. Approximately 60% of the population in the United States lived in a city in 1950; that 

number rose to over 80% in 2010 and is projected to rise to 87% in 2030 (Brown, 2009).  
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As individuals moved to cities, construction increased and natural land cover was destroyed. In 

addition to the construction of houses and public buildings for the population influx, cities also had to 

build underground infrastructure to manage sewage. Most cities, pre 1900, installed a single pipe 

system that would collect sewage and excess rain, snowmelt, and runoff from roofs and streets. Not 

only was it cheaper to build a single pipe system but cities did not perceive that there would be any 

negative effects of a combined sewer system. The ecological health of streams was not an important 

consideration, nor was there a strong link to stream contamination and public health. Water treatment 

plants and sewage treatment facilities were not commonplace during the early growth of many of 

today’s major cities.  

 

Determining Infrastructure 

A storm drain system is a drainage structure designed to prevent the accumulation of water on 

surfaces and prevent the discharge of water into streets and private land. In addition to rain, snow melt 

is also used in this calculation. The duration of the storm should be equal to the time of concentration. 

Each storm classification focuses on the depth of precipitation in inches and is designated by the 

probability of occurrence in any given year. These are typically measured in 2, 5, 10, 25, 50, and 100 year 

intervals (see Image 1).  For example a “10 year storm” has a 10% probability of occurring in one year.  

Each locality may have its own classification for the particular storms; for example a 10 year storm may 

have a classification of a 24 hour precipitation depth of 4 inches.  The calculation of rainfall intensity 

combined with historical rainfall events such as mean seasonal precipitation typically determines the 

size of pipes and dictates the specifications of the underground infrastructure. However, older cities 

without detailed records of rainfall had a less precise calculation than newer cities. In addition they may 

not have adequately gaged the population influx that would occur in upcoming decades, and the 

strength of the infrastructure needed to sustain a properly functioning and healthy city.   

In dense highly populated areas with heavily constructed surfaces, surface runoff from storms is 

greater.  Most storm sewer systems can accommodate excess water which is lead to a water purification 

plant or to streams or rivers. However, during large rain events such as a “5 Year Storm” combined 

water sewer systems do not have enough space to accommodate excess water nor is there enough 

vegetation in built environments to absorb and accommodate the excess water. In older cities there is 

not often a separate sewage and stormwater system.  When the ground and infrastructure cannot 

accommodate the water, excess water pools in low lying areas, in streets, or overflows from drains into 

the street and into rivers and streams.  
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Pollution 

When water flows across roads or runs off of a land surface such as a yard or field the water can 

pick up and mix with chemicals, dirt, and other pollutants.  Sediment, solid fragments of inorganic or 

organic material that come from the weathering and erosion of naturally occurring material, can cloud 

water and can have a severe impact on the growth of aquatic plants. They can destroy aquatic habitats 

and by eliminating necessary elements of the food chain, can also affect the survival rate of fish and 

other aquatic organisms. Another dominant impediment associated with runoff is the presence of 

excess nutrients on vegetative surfaces. These are most commonly pesticides and herbicides used on 

farms. Phosphorus is a dominant element in pesticides and can cause algal blooms; an excess of algae 

which depletes the oxygen content of the water when the organisms decompose. Fish and other aquatic 

organisms that rely on oxygen cannot exist in water with a low level of dissolved oxygen. Other 

pathogens from agricultural activities including fertilizers and animal wastes allow pathogens to directly 

mix with rainwater and flow to local water bodies. Fertilizers and pesticides can directly poison aquatic 

animals. Fecal waste can contaminate waterways with bacteria, making them unsafe for many species, 

including humans. Household waste which can include insecticides, paint, solvents, motor oil and 

unkempt garbage like plastic bags, will also have equally detrimental effects. The liquid waste, if not 

disposed of properly can mix with water and enter the water body. Plastic bags and other trash can also 

pollute the water and can impair the habitats of fish.   

There are effects to other animals and humans as well. Birds which feed on fish will absorb the 

pathogens. Humans are also affected due to biomagnification. In addition, human health risks are 

associated with water based recreational activities, again transferring pathogens to humans. The routes 

of exposure include transdermal, optic, and oral. This can cause toxic effects to the skin and small 

amounts may enter the circulatory system and may affect multiple organs of the body. In addition, 

contamination of drinking water is a major biological health concern.  

 

Energy and Cost 

Besides being a health hazard to humans and other species, the financial and energy costs of 

polluted water are also dominant issues associated with this topic. Polluted water that enters rivers and 

streams must be treated. The treatment process is costly and can be energy intensive. A study in Ireland 

found the following, “… it costs €2.07 per m³ to treat water in Ireland… Cutting down on the amount of 

potable water that is used for non‐potable processes could save the exchequer over €100 million per 

year whilst also allowing necessary upgrades to the water treatment systems be carried out.” 
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(Greenbusiness, n.d. p. 1). Not only is water treatment expensive but changing the type of water used 

for certain activities would save money and could prevent the need for some treatment costs. Studies 

have attempted to estimate the energy use and cost of treatment but it is difficult to make a strong 

generalizable conclusion about the average cost and energy use because the studies have varied in size 

and location, making wide spread applicability of the data impossible. A UK study found that the energy 

used to collect and treat wastewater added to greenhouse gas emissions: “The energy needed to treat 

and pump mains water to our homes, and to collect and treat waste water from the sewage network, is 

responsible for nearly 1% of the UK's annual greenhouse gas emissions” (Energy Trust, 2012). 

Greenhouse gas emissions are compounded by water treatment. Financial cost and energy are two 

strongly interrelated concepts which surround many facets of water quality management. 

The treatment of stormwater is especially costly in areas with combined sewer systems. The 

typical problems associated with treatment are often compounded in these areas because the amount 

of excess water is larger.  An article, “Nature’s Voice, Our Choice” explains that there are nearly 800 

combined sewer communities in the United States (2012). Large rainstorms require large amounts of 

energy to treat water and clear the streets of water. This is especially energy intensive and costly in 

communities with combined water and sewer systems because rainwater runoff picks up oil, trash, 

fertilizers et cetera and this water, ridden with pathogens, is deposited into waterways, causing 

immediate damage, because many waterways are sources of potable water.  

 

Non-Regulatory Solutions 

There are many non-regulatory solutions to the general problem of water contamination. These 

range from individual efforts, to industrial changes, and state regulations. They can be community based 

initiatives and those regulated by industry. They can focus on residential neighborhoods or commercial 

spaces, and sometimes both. Management practices are applicable to every industry ranging from 

construction to agriculture. Major initiatives to combat the problem have focused on landscaping 

improvements and reducing erosion near waterways. Other initiatives have included groups advocating 

for less use of fertilizer, use of organic fertilizer, upgrades and improvement to septic systems, regular 

auto care inspections to prevent excess leaking, proper disposal or household chemicals, and proper 

management of pet waste. 

Major issues with commercial areas are the dirt and oil that collect in these spaces. Simple 

solutions include frequent trash cleanup and sweeping, especially near storm drains. Simply covering 

dumpsters to avoid leaks is a low cost management solution. In factories or large industrial sites, 
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chemicals should be closely monitored; with any and all chemical skills reported immediately so they 

can be properly treated. 

Erosion is perhaps the largest concern in the construction industry. Displacement of soil can 

cause sediment and debris to be carried into the stormwater system. In addition, construction vehicles, 

always present to some degree at construction sites, can leak fuel and oil which can be picked up by 

water and dispersed into nearby water bodies. Thus, routine maintenance of these vehicles is necessary. 

Disturbed land and exposed construction areas should be covered. Erosion controls should be added 

and should be maintained. In addition, simply minimizing disturbed areas as much as possible during 

construction can help.  

Agriculture is another concern. Controlling overgrazing and crop rotation would have 

considerable positive impacts. Keeping livestock away from stream banks and providing animals with a 

water source away from water bodies would mitigate damages. Other management techniques include 

keeping manure away from water bodies, implementing a sustainable nutrient management plan, 

developing riparian areas along waterways, rotating grazing areas to prevent soil erosion, and if 

fertilizers are to be used, following labeled instructions.  

The major concerns with forests are erosion and sedimentation. Efforts should focus on proper 

management of forests, utilizing pre-harvesting techniques to prevent erosion and lower costs, use of 

logging methods that minimize soil disturbance, and carefully planning truck access roads to minimize 

steam crossing and forest floor disturbance. It is also important to properly manage and expedite the 

regeneration of all cleared areas.  

Due to their construction, uncovered fueling stations essentially allow spills to be washed into 

storm drains. Vehicles can leak fuel, oil, and other harmful fluids that can be picked up by stormwater. It 

is important to avoid spills by conducting scheduled maintenance. If they occur, the cleaning process 

should take place immediately. If possible, fueling stations should be retrofit for spill containment and 

should include separators for oil and water as well.  

 

Some of the most frequently used management practices eliminate impermeable surfaces. 

These can often be considered low impact, meaning that they do not cause much land to be disturbed. 

Pavement, concrete and asphalt do not allow rainwater to soak into the ground. These surfaces utilize 

storm drains to carry and divert water. In contrast permeable pavement (permeable concrete, 

permeable asphalt, and turf) can allow excess water to soak through and slowly enter the water table. 

Rain barrels can collect rainwater from rooftops, allowing the water can be used at another time to 
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water a garden or lawn. Rain gardens are designed areas that are planted with native plants where 

rainwater can naturally collect and soak into the ground. A green roof, a collection of native species 

placed on a roof, can absorb water from a storm. Swales or vegetated filter strips consist of native grass 

or plants and are often placed along roadways, highways, and in areas in close proximity to streams. 

They act as natural flora by trapping pollutants and absorbing water. All of these approaches limit water 

from entering a storm drain and storm sewer system.  

Although these are clear examples of effective non-regulatory management approaches, 

regulation and enforcement of these practices is nearly inexistent, unclear, or often poorly defined. 

Regulation exists for water quality but does not often exist for the management practices themselves. 

 

History of Stormwater Policy 

The Clean Water Act (CWA) is a regulation that controls pollutant discharge into the waters of 

the United States. This is the basic water quality regulation and is important for understanding 

stormwater. As a broad term, stormwater is the water from rain storms or snow melt that often mixes 

with pollutants (car oil, animal waste, sediment from construction activities, rubbish et cetera) and can 

cause degradation to waters when it flows from surfaces or from pipes into water bodies. Specific to the 

scope of stormwater, the CWA is responsible for regulating water quality for surface water. The CWA, 

under the name of Federal Water Pollution Control Act, was created in 1948. It was expanded and 

reorganized in 1972. In 1977 it was further amended and received its current name.  In sum, the CWA 

applies to industries, municipalities, and other facilities; it mandates the implementation of pollution 

control techniques to support the chemical, physical, and biological integrity of the nation's waters.  

CWA enacted a permit program called the National Pollution Discharge Elimination System 

(NPDES) to manage discharge from point sources meaning those that go directly into surface waters. 

Even after the creation of NPDES, stormwater runoff, particularly from municipal storm sewer systems, 

continued to impact water quality. In particular, construction activity and industrial sites continued to 

impact water quality because sediment, metal, and nutrients which were associated with these 

industries entered the water. Because of the large amount of pollutants and the hardship of regulating 

and inspecting all sites, EPA attempted to exempt stormwater discharges from NPDES regulation. EPA’s 

attempt was rejected (NRDC v. Costle) and as a result EPA issued regulations to manage stormwater. 

During this time, many scientific studies supported claims by individuals and regulatory agencies 

asserting that drainage from urban areas and construction sites were leading causes of water 



11 
 

degradation. In the 1987 amended CWA, stormwater management was required and included municipal 

separate storm sewer systems (MS4s).  

An MS4 is a transport system that carries polluted stormwater to local water bodies. Like other 

regulations the MS4 regulation aims to prevent pollutants from being washed, deposited, or dumped 

into a municipal separate storm sewer system. This regulation requires operators or owners of MS4s to 

obtain an NPDES permit and develop a program to management stormwater. The plan must be 

comprehensive and must include measurable goals for pollution reduction or control and must outline 

the stormwater management control techniques.  

The MS4 regulation was passed in two phases. Phase I was issued in 1990 and Phase II in 1999. 

Phase I required municipalities with a population of 100,000 or more and/or disturbance of land over 5 

acres to obtain an NPDES permit for stormwater. Phase II expanded the MS4 program to include smaller 

MS4s, typically outside urbanized areas, to also obtain NPDES permits for stormwater discharge.  

In 1994 the Combined Sewer Overflow (CSO) policy was passed as another regulation to control 

water quality within the NPDES permit program. This policy provided guidance on coordinating the 

planning, selection, and implementation of CSO controls to meet the requirements of the CWA in a 

flexible and cost-effective manner.   

In addition to the aforementioned laws, impaired water bodies fall into the section 303(d) 

category of the CWA. Section 303(d) is a component of the CWA that requires states to list all their 

impaired water bodies. Once a water body is on the 303(d) list, EPA must complete an assessment of the 

water body and determine the conditions that would allow the water body to meet water quality 

standards. Alongside this, EPA or a state agency would develop a Total Maximum Daily Load (TMDL) plan 

for each impaired water body. The TMDL would identify the allowable pollutant loads for the water 

body, meaning the maximum amount of a pollutant that a water body can receive while meeting water 

quality standards. These can include both non-point source and point source pollutants. To ensure 

safety and true protection of the water body a safety margin for all source pollutants is also included.  

 

Pennsylvania 

Looking more specifically at Pennsylvania, Act 167, the Stormwater Management Act of 1978, 

requires each county in Pennsylvania to prepare and adopt a stormwater management plan for all 

watersheds in the state. This law combined with another state law, the Clean Streams Law, expands the 

federal laws and helps ensure safe drinking water for the public.  
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The Department of Environmental Protection (DEP) is a state regulator for the quality of water 

in Pennsylvania. One of their goals within the state is to identify bodies of water that are impaired. They 

make sure that these water bodies can support aquatic life, have potable water, and can be used for 

recreation.  DEP uses numerical or categorical water quality criteria to assess these waters.  

 

Philadelphia 

Philadelphia, the largest city in the state, has a combined sewer system in 60 percent of the city.  

Philadelphia is a dense urban city with two major waterways flowing through it, the Schuylkill and 

Delaware Rivers. To comply with federal legislation, Philadelphia needed to focus on impaired waters, 

insuring they meet regulations. The dense highly urbanized city was faced with a few options: upgrade 

all systems so that sewer and stormwater systems are separate and ensure that underground facilities 

can support the flow volumes, continue to allow polluted water to flow into water bodies and focus on 

water treatment of large areas, or prevent water from entering into the system in the first place. To 

build an underground holding tank for the temporary storage of stormwater runoff was projected to 

cost $ 8 billion (Houstoun, 2010). Faced with high costs and feasibility concerns with the holding tank, 

the city proposed an alternative way to comply with EPA regulations. In 2006 the Philadelphia Water 

Department (PWD) passed a regulation requiring new development and redevelopment projects to 

manage stormwater runoff on site. Philadelphia had to meet requirements from EPA and the state so it 

enacted this law to comply with legislation but also to further clean its water. 

Philadelphia aimed to replace concrete and asphalt surfaces with earth or turf which is more 

porous than the aforementioned materials. These water-retaining surfaces were projected to cover 

public and private property. In conjunction with this, the city aimed to restore stream habitats, and to 

improve riverfronts, wetlands, and natural habitats for plant and animal species. These initiatives were 

aimed not only manage rainwater but also improve air quality and provide more recreation areas for the 

public.  PWD credits this legislation to strong support from the city’s mayor, stakeholders, and a history 

of strong well researched environmental initiatives throughout the city. 

Study Focus on Philadelphia 

Under the nationwide NPDES Phase II requirements and the State Model Stormwater 

Ordinance, PWD implemented Stormwater Regulations on January 1, 2006 which required new 

development and redevelopment projects that involve earth disturbance of 15,000 feet or greater to 

manage stormwater runoff. The Regulations provided PWD with an opportunity to ensure new 
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development and redevelopment would protect water resources, reduce neighborhood flooding, and 

improve the quality of life in communities. PWD did not dictate the type of management practice(s) that 

must be used but left those decisions to project managers, developers, and engineers. Since 2006, PWD 

has approved hundreds of projects, some of which use LID approaches to manage stormwater. 

LID is an approach to land development which is applied to new development, redevelopment 

or retrofits to existing development. It works to manage stormwater as close to its source as possible. 

LID practices include those that preserve natural landscape features, minimize impervious areas, and 

allow stormwater to infiltrate into the land. LID practices include, but are not limited to, bioretention 

facilities, rain gardens, vegetated rooftops, rain barrels, and permeable pavements. These practices 

reduce flooding and improve water quality.   

PWD created a financial incentive for commercial customers who have effectively managed 

stormwater. Philadelphia’s innovative Stormwater Credits Program provides non-residential and 

condominium property owners an opportunity to obtain stormwater credits and reduce their monthly 

stormwater charge, as reflected on their water bill. These credits can be earned when stormwater 

management practices (SMPs) are integrated and are properly maintained. This reduces the stormwater 

that enters the City’s collection and conveyance system. This incentive program, introduced in 2010, 

allows properties to apply for a reduction in their stormwater charge by providing documentation such 

as an As-Built Plan that demonstrates that the completed project meets the specification for stormwater 

management and was built according to the approved post construction stormwater management plan. 

Applying for, and receiving these Credits can enable some property owners to save thousands of dollars 

per month.  

The purpose of this project was to understand why particular SMPs were chosen in various 

private development projects throughout Philadelphia, learn the positives/negatives of managing them, 

and gain insight into the review/permitting process from the applicant’s viewpoint with the goal to 

improve all aspects of stormwater management. A secondary goal was to introduce project managers to 

the Stormwater Credits Program, which furthers the goals of PWD while helping project managers save 

money.   

 

Methods 

This study was not an attempt to assess all projects that went through PWD’s stormwater 

review process following the recently introduced Stormwater Regulations. The goal of this project was 

to examine “success” stories in Philadelphia. From an extensive list of PWD approved Stormwater 
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Management Plans, 36 projects were chosen for this study because they had embraced an LID approach 

to meet the Stormwater Regulations. All projects had a visible SMP(s), had incorporated multiple SMPs 

or seemed innovative in their use of LID SMPs. These properties ranged from drug stores to academic 

institutions, a senior living center and public park.  

Contact information for each project was listed on PWD’s Stormwater Tracking Database. The 

first line of attempted contact was with the property owner. A property owner seemed to be the best 

line of contact because they would be the most knowledgeable about city permitting, planning, 

construction, and maintenance. If contact could not be established with a project owner, a facilities 

manager, engineer or architect was contacted. When possible, a meeting and site visit were scheduled. 

In some situations a meeting was not possible and a detailed questionnaire was sent and responses 

were collected. The questionnaire contained 29 questions. These questions asked about the permitting 

process, planning, SMP construction and installation, operation and maintenance, general project 

information including unexpected positives, familiarity with the Credits system, and an information 

release (see Appendix A). In some cases contact was not established but a site visit was still conducted. 

Observations were made about the type of SMP(s) used, its location, condition, and how the SMP in the 

project compared with the SMP in the project’s post construction stormwater management plan. 

Before each site visit the project was researched by examining utility, grading and post 

construction stormwater management plans. These plans were valuable in understanding how the SMP 

system was placed and how runoff entered the system. In redevelopment, these plans were valuable for 

understanding what portion of the parcel was being managed for stormwater. Google maps and 

Pictometry, a geo-referenced aerial imaging software that shows aerial images from a variety of angles 

during different times of the year, were also used. Site conditions and construction status were 

monitored through these multiple sources of aerial photography and spatial analyses. Geographical 

Information Systems (GIS) software was also used to correctly plot out impervious area or newly 

managed areas because the impervious area layer contained on the software was not always consistent 

with the most present construction. In many cases the imperious area needed to be redrawn to be 

consistent with the project’s plans. This was an important step because stormwater charges among 

private development in Philadelphia are billed based on a ratio of gross area to impervious area. After 

restructuring the imperious area, calculations were performed using an Excel based document and a 

comparison was made between the new impervious area calculation and the existing Stormwater Billing 

for the area. This comparison helped to determine how much money the project could save per month 

as a result of incorporating stormwater management techniques and applying for Stormwater Credits. 
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Parallel to the main part of this study, a questionnaire was emailed to a list of 9 engineers 

representing 6 different engineering firms. Each questionnaire included questions relating to major 

influences for incorporating SMPs, most common management practices used for sustainable design, 

factors influencing the particular SMP(s) chosen, problems in installation, and hidden costs associated 

with the implementation of an SMP(s) (see Appendix B). This input provided additional information 

relevant to LID projects in Philadelphia that would not necessarily be evident in speaking with project 

managers or be an inherent component of a site visits. 

 

Results and Recommendations 

Of the 36 projects listed, contact was established with a project owner or manager for 28 of the 

properties. Of the 36 properties, only 31 were built. The remaining 5 were under construction and were 

not far enough along in their construction to be assessed for the objective of the project. 19 of the 31 

built projects were visited. From site visits, scheduled meetings, and questionnaires, information was 

collected for 33 of the 36 properties.  

In this study the largest influence for implementing SMP(s) is cost. Although the Stormwater 

Regulations mandate the management of stormwater in new projects and redevelopment, at the 

planning and design phase, project managers are often not familiar with SMPs and are not prepared for 

the added cost inherent with these projects. Overall costs in design and construction were viewed as the 

largest setback in time and implementation. The size of the site was a secondary consideration for the 

SMP as some SMPs have space and resource parameters. For example a green roof may be impossible 

for a retrofit project as not all roofs can structurally support a green roof.   

The most common SMPs of the properties visited in Philadelphia were porous pavement, 

including pavers (see Image 2) and green roofs (see Image 3). The porous pavement was typically porous 

asphalt and was most commonly used in parking areas, walkways and in one project, a basketball court. 

Areas where heavy duty transportation vehicles frequently traveled were typically not appropriate for 

porous pavement. In the LID projects visited, most green roofs encompassed 90-99% of the roof, where 

there was only a small portion of unmanaged space on the perimeter of the roof, ranging from 6” to 6’, 

depending on the size of the roof. Of the green roofs visited, the most frequent type of green roof 

system was the modular tray (see Image 4). The size of the roof dictated the size and quantity of trays 

used. Among responses from engineers, the most common SMPs reported were underground 

retention/detention systems. The size of these also varied depending on the size of the project. About 

half of owners and developers appeared to be relatively educated about types of SMPs but they often 
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asked for the design professional and engineer to satisfy the management requirements, again with the 

minimum cost and land disturbance.  

 

Plan Review and City Permitting 

Overall, most respondents had a positive experience going through the City’s development 

review and permitting process. Specific to this phase, there was some frustration relating to the 

numerous committees or commissions that an owner or developer must navigate. Specifically with 

PWD’s portion of the development review process, most reported that the process was very slow and 

should be streamlined. In some early cases, project managers accepted the longer technical review 

process because they were aware that the review process was recently integrated. It appeared that 

when managers required assistance from PWD as it related to plan requirements and levels of 

specifications, reviewers were accessible and quickly attended to concerns.  

Recommendations: 

 A large majority of respondents said that PWD’s portion of the development review and permitting 

process was unusually slow and in some cases very frustrating. Suggestions are to streamline the 

review and permitting processes, provide a definitive timetable for the length of reviews, and make 

review process more transparent. Perhaps review specifications should be simplified so that delay 

times are shortened.  

 Design a mentorship program; link properties who have gone through the City’s permitting and 

review process already and who have a strong working knowledge of stormwater management with 

those that are new to adapting SMPs. This partnership would allow a new project to more easily 

navigate through the system and find the appropriate contractor and building team that fits its 

needs and budget. 

 Due to ethics PWD as a government agency cannot endorse any contractors, engineers or the like. 

However the City could design a certification program where contractors complete a series of 

classes to become “City certified contractors” allowing project managers to pick the contractors 

most experienced with LID practices and Philadelphia certifications. A similar suggestion would be 

for PWD to lead training workshops with engineering firms to make sure they understand the all 

PWD and City codes and regulations. This will prevent miscommunication, design and construction 

complications later in the process.  
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Planning 

In nearly all LID projects surveyed, the planning phase lasted less than a year. Incentives for 

incorporating SMPs were not typically a factor since stormwater management is now required in all 

properties above 15,000 square feet.  

Although incentives were not applicable, academic institutions surveyed had sustainable 

planning goals that matched extremely well with PWD’s regulations. In nearly all the academic 

institutions visited, top-down sustainability efforts were an institutional priority. Many Philadelphia 

college presidents signed the American College & University Presidents Climate Commitment; this 

voluntary commitment is aimed at a visible effort to combat global warming. Many college presidents 

who have signed onto this climate commitment have created sustainability initiatives, hired 

sustainability coordinators, and have encouraged student groups who support environmental practices. 

Many of these have become integrated in all departments and offices in colleges including real estate 

and facilities, two of the departments most often contacted in this study.  One academic institution 

interested in expanding decided to promote the green components of its planned building in order to 

increase funding for its imminent development. Advocating for sustainable practices that will increase 

education for students, that meet city and state regulations, and that are aesthetically pleasing were 

cited by this intuition as factors that would garner financial support much more than  conventional 

buildings might have.  

Of those surveyed, there was only one case of stormwater management where a financial 

incentive was cited as the catalyst for incorporating a particular SMP. Executive Order 13514: Federal 

Leadership in Environmental, Energy, and Economic Performance and Executive Order 13423: 

Strengthening Federal Environmental, Energy, and Transportation Management strongly encourage the 

creation of ‘High Performance Buildings’ meaning ones that incorporate sustainable practices, including 

stormwater management. Another document, Facilities Standards for the Public Buildings Services (P-

100) focuses on design standards for new buildings and renovations. It also includes guidelines for 

sustainable buildings. These executive orders and the P-100 guide in conjunction with stimulus money 

received through the American Recovery and Reinvestment Act allowed a federal building to create a 

27,000 sq. foot green roof on their property.  

 

Installation and Construction 

In nearly all projects surveyed, multiple contractors bid for the project. The majority of project 

managers easily found a contractor with knowledge and past experience working with SMPs. The 
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construction phase varied, where the shortest reported construction phase was approximately 6 months 

and 18 months appeared to be one of the longest. In all cases the appropriate timeframe was expected. 

In some cases something changed between the time a plan was submitted and the 

construction/installation phase. There were some barriers in the construction phase where the 

installation had to be put on hold because of a design, planning, or engineering miscalculation such as a 

connection between a new detention basin and an existing sewer. These difficulties were either sited as 

a rare miscalculation or as a result of an incorrect assumption about utility lines or grading made by the 

designer or engineer. In rare cases, an economic investment required the SMP to be altered, the plan 

resubmitted and re-approved before construction resumed. This seemed to be the case especially in 

academic institutions where funding for a project came in at the last minute and as a result changed the 

size of the project. When this situation occurred, a very quick turnaround time for review and re-

approval was reported.  

Recommendation: 

 Prior to the project or early on, have a meeting where design engineers and reviewers discuss 

the project so they both collectively understand assumptions and why certain decisions were 

made. This would reduce delays and save money later on in the process.   

 

Operation and Maintenance 

Every approval for stormwater management requires an operations and maintenance 

agreement. This legal document, recorded with the land deed, provides a detailed description of the 

SMP, its required maintenance and the frequency of that maintenance (see example Appendix C) 

Maintenance is not always a priority for the land owner and routine management is definitely not 

consistent among all projects as they each have different management practices in place. More 

importantly they have varying impressions of the importance and integration of the management 

practice. The yearly operations and maintenance costs have been considered to be low, especially after 

the first year (when green roofs need extra attention such as watering) and are typically a few thousand 

dollars. 

In most cases, maintenance was occurring at the required scheduled intervals. There were two 

reported difficulties in management; in the first, a project manager reported that he found it difficult to 

remove cigarette butts from the porous pavers and in the second, a project manager had to inform 

landscapers that certain plants around a particular property should not be trimmed because they are 
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part of a bioretention/rain garden site. Besides those two incidents, there were no reported difficulties 

in maintenance, though there was a great disparity among projects relating to the frequency of 

maintenance.  

In the majority of projects, a management company was contracted to perform routine 

maintenance on some or all of the SMPs. This was especially the case with green roofs. Many projects 

with green roofs had scheduled a maintenance company to water the roof during the first year and 

periodically inspect the roof for weeds. Often with green roofs, a company is hired not only to provide 

scheduled maintenance but also a brief summary report explaining how the roof is functioning.  

There were two projects that stood out as effectively managing their systems, a senior living 

center and a drug store. These locations had full time maintenance personnel who in their daily work 

were required to clean porous pavement and inspect a rain garden for trash. These maintenance 

personnel may not have been aware that they were responsible for maintaining a stormwater 

management system as it was simply part of their daily work responsibilities. 

Although in most cases management was a clear component of the management system, there 

was one case where management was largely ignored. This project related to the expansion of an 

academic institution. The project manager said that the maintenance department for the university had 

day to day functions that did not include monitoring stormwater management systems, thus the 

management associated with the newly introduced practices were thoroughly ignored.  

When asked about seasonal differences in management practices, most did not report any 

seasonal differences in the management systems that would require any specific attention.  Many either 

did not know or could not evaluate maintenance due to the recent completion of the project. Most 

management systems assessed in this study were associated with new construction and could not be 

evaluated for their impact on utility costs. However when a comparison could be made, those with 

water reuse systems noted a reduction in water use compared to their counterparts.  

Recommendation: 

 Operations and maintenance needs to be more of a focus. Maintenance happens when there is 

a full time facility or operations manager. In a drug store with a rain garden, it is the daily 

responsibility of an employee to inspect the area and remove trash. In another, the 

maintenance personnel are responsible for clearing debris from the porous pavers on the 

entrance to their building. With additional resources, properties without a full time operations 

manager could pay the City to clean and maintain the systems. 
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Publicity 

In all cases stormwater management features are believed to enhance the project either 

aesthetically or as a result of promotion. The more visible the stormwater management practice is, the 

more positive publicity the project received. In most cases when the stormwater management system 

was visible, such as a green roof, rain garden, or in some cases porous pavement, the project’s 

stormwater management system was publicized to some degree. Some projects engaged in 

communication efforts such as posters placed in the lobby of a building, sending out newsletters, 

conducting individual meetings with tenants, or partnering with city agencies such as the Mayor’s Office 

of Sustainability. Some projects received recognition in EPA and PADEP publications, Philadelphia 

newspapers and magazines, and others chose to mention their sustainable features in advertisement 

materials. In most cases the goal of the outreach was to explain how money was being spent, to garner 

support for a project, or simply to inform individuals and encourage a dialogue about sustainable 

management practices. When the management practice was subsurface and hidden from view such as 

an infiltration or detention basin, it rarely received any publicity and was typically unknown to tenants.   

Recommendation: 

 Continue to increase visibility of SMPs. Give demonstrations on LID practices and how they 

work, incorporate seating areas on green roofs, and publicize “hidden” systems like infiltration 

and retention basins. 

 

Discussion 

Combining information from site visits, information from discussions with project owners, and 

with questionnaires from engineers, underground detention or retention systems, which slowly release 

water directly into the system, seem the most common stormwater management practice in 

Philadelphia. Design and construction costs seem to have a significant influence on the type of SMP 

chosen and these systems are often the least expensive.  

High building costs and space constraints in urban environments like Philadelphia are thought to 

dictate whether or not LID can be incorporated into a project. However, the LID projects analyzed in this 

study are not detention systems and are reported to be extremely successful. Many new development 

projects in this study have incorporated infiltration systems, porous pavements, and rain gardens to 

allow stormwater to be naturally absorbed back into the ground water system. These are most 

commonly used in parking lots adjacent to a condominium, drug store or shopping facility. In LID 
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projects in this study green roofs also appear to be common systems because the dense built 

environment in center city Philadelphia often restricts development or the restructuring of a parcel and 

thus there are few options for management.  

A green roof is often a good choice for redevelopment when a roof needs to be replaced or 

repaired. A green roof can extend the life of the roof and can reduce the need for air conditioning and 

heating. When placed in a visible location it increases the aesthetics of a building and can have a positive 

impact on the emotional well-being of building residents when placed in a visible location.  

Rarely were there reports that the project would consider retrofitting more of a site to collect 

additional stormwater. This was completely sited as a budget issue. Stormwater management including 

construction and maintenance does not often make short term economic sense. PWD regulations seem 

to be the sole impetus leading owners to utilize stormwater management practices. Most project 

managers felt that their water bill was an expense which they had no control over. Few project 

managers were completely familiar with the Stormwater Credits Program, but once they were provided 

with more information, they expressed interest.  

Stormwater management practices can improve the location surrounding a project. One 

academic institution wanted to appease neighbors and increased green space near their property, not 

only aesthetically improving the area but also managing stormwater with an LID approach. By simply 

lining a parking lot with trees (see Image 5)and incorporating porous pavement so water does not pool 

and become dirty, it improves the neighborhood aesthetic and as the water infiltrates through the 

ground it reduces pollutants which would otherwise flow into nearby waterways.  Another project 

manager reported that tenants in an adjacent building really enjoyed looking down upon a green roof 

instead a black one.  

In line with the American College & University Presidents Climate Commitment, academic 

institutions often have green roofs because schools want to incorporate sustainability into curriculums 

and make related initiatives more visible. In nearly all visits to academic institutions, there was a focus 

on environmental education or in the words of one school, “environmental literacy”. Academic 

institutions that provide classes in environmental science, environmental engineering or ecology use 

green roofs as a teaching tool. Lastly, schools are not isolated academic organizations; instead they also 

function as competitive institutions, seeking to attract students. By being on the forefront of the 

“environmental movement” and embracing sustainable initiatives such as LID stormwater management 

they showcase their responsible contribution to the City.  Institutions are competitive and want to be a 

leader in all fields including sustainability. 
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Developers or project owners have rarely reported voluntarily managing stormwater before the 

regulations. City and state codes are the strongest factor promoting sustainable choices. Most 

individuals including engineers, architects, project owners, and those working for large corporate 

companies all seem to agree that incorporating sustainable practices is the right thing to do; however, 

leveraging funding to support these initiatives, when not mandated by a city agency is near impossible. 

However, there were a few projects where the project managers made the decision to construct their 

building with Leadership in Energy and Environmental Design (LEED) certification in mind. The project 

managers of these facilities felt that they needed to be a competitive leader in their field and like 

academic institutions, property owners and project managers felt that incorporating sustainability in 

their building would give them a competitive edge.  

 

Conclusion 

Although detention systems are most frequently used to meet the Stormwater Regulations, this 

study focused on LID stormwater management projects. The projects studied had some barriers in 

permitting, construction, cost and space; yet all completed projects were seen as successful. This study 

has proven that it is possible to manage stormwater in new development and redevelopment using LID 

practices in a dense city like Philadelphia. Compared to all SMPs, LID projects seem to work more 

effectively than their counterparts because they allow stormwater to re-enter the ground water table 

and improve water quality. They are typically more visible, receive more publicity than other 

stormwater management practices, and more frequently garner positive responses residents and 

improve communities.  

As Philadelphia continues to grow, it will become more dense and compact. Since stormwater 

management is required in new construction and redevelopment projects over 15,000 square feet in the 

private sector, it appears that owners, developers, and engineers will have a more integrated role, 

working together to find innovative solutions to stormwater management. With continued and 

improved support from PWD, LID practices will be more widespread and positive stormwater 

management practices will continue.   

 

Next Steps  

This project was the first time that the Philadelphia Water Department completed an 

assessment of a program they had initiated. Due to the broad reach of the requirement, it is important 

to evaluate such a program. This project was an attempt to gather primary feedback and educate 
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regulators, engineers, project managers, the academic community and other employees at the Water 

Department about the program and the multitude of possibilities for integrating stormwater 

management practices. In addition to the educational component, it was intended to eventually help 

improve the city’s program as it continues to grow and becomes more established with the growth and 

redevelopment of the city.  

Philadelphia’s initiatives are innovative and unique. It will be important to complete a more 

thorough study incorporating more sites throughout the area into the study. Simply increasing the 

sample size would give more validity to the study and would make a stronger case for improving the 

stormwater regulations.  

Should the opportunity arise to continue the project further, it will be important to follow up 

with the project managers and focus more on the long term success or failure of the projects. 

Maintenance was often inconsistent between projects, with some project managers or facilities 

operators choosing to ignore it completely. A 3 or 5 year follow up would be helpful in determining the 

true contribution of the project. At the conclusion of the study operations and maintenance seemed to 

be major areas for improvement. Focusing on more properties and looking specifically at maintenance 

would provide some insight that could be applicable to future inspections and resources needed for 

future development projects.  

Another goal of the project was to increase or create ties between private industry and the city. 

To continue to facilitate a dialogue a full time staff member should focus on improving communication 

with industry and making all of the Water Department’s initiatives as transparent as possible to improve 

the flow of information. An individual should take on the role of primary contact for the regulation, 

helping to advise during planning, permitting, construction and maintenance. This is especially 

important during the planning phase as the city requires stormwater to be managed but does not 

directly say how to do so. There are some guidelines presented by scientists, academics and engineers 

which appear in academic journals. Some cities have done case studies and have compiled their 

information in publications. PWD has some resources available but the creation of a coordinator or a 

liaison between the city and industry would help the project manager choose the best management 

practice. Having a detailed and thorough assessment of past projects would further allow this to be 

success.  

Lastly, looking ahead, the Philadelphia regulation was innovative and overall successful; it not 

only increased green areas which reduce pollution and clean the air but also added a unique aesthetic to 

a highly built city. In addition, the implementation of green infrastructure started a dialogue among 
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project managers and property owners who may have never considered these types of management 

practices before. Should Philadelphia decide to work with another city and implement a similar 

regulation, the dialogue about stormwater management, green spaces, public health, and 

environmental responsibility would further be strengthened.  

As cities continue to grow and expand, impervious areas will increase. This increased built 

environment displaces natural ecosystems and often results in water quality issues. Managing 

stormwater is integral to control runoff, reduce water pollution, save money in water treatment and 

green urban spaces. Low impact development as it relates to stormwater management is an approach to 

development or re-development where stormwater is managed as close to the source as possible and in 

a way that mimics nature.  This allows a watershed to retain natural hydrologic functions which can 

sustain biodiversity, health and prosperity of a city. 
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Appendix A, Questionnaire Submitted to Project Managers 

 

Plan Review / City Permitting Process 

1. How was your overall experience of going through the City’s development review/permitting 

process for this project? 

2. How was your experience of going through PWD’s portion of the development 

review/permitting process for this project? 

3. Where is there room for improvement in the permitting process? 

 

Planning 

1. How long was the planning phase? 

2. Were there any incentives (financial or otherwise) to incorporate SMPs? 

3. Was there any resistance to incorporating SMPs? 

4. What would you estimate the cost of designing the stormwater management system for this 

project to be? 

SMP Installation / Construction  

1. Did you have difficulties finding a contractor with past experience installing your SMPs? How 

many contractors did you consider? Are you happy with your choice? 

2. How long was the construction phase? Did you expect this timeframe? 

3. Compared to the submitted plans, did anything change during the instillation/construction 

phase? 

4. What would you estimate the cost of the SMPs materials and installation for the project to be? 

Operation and Maintenance 

1. Overall, has it been difficult to implement the O&M practices? 

2. How has the installed management system been performing? 

3. If any, what issues have you had with the installed management system? 

4. What kind of upkeep practices has the property implemented for the management systems? 

5. Have you noticed any seasonal differences in the management systems which would require 

specific attention? 

6. What would you estimate the annual cost of the operation and maintenance practices to be? 

General Project Information 

1. Have the project’s stormwater management system been publicized? 

2. Do you feel the management system has enhanced your property? 

3. Have you received any positive and or negative feedback from residents/employees/the 

community? 

4. If any, what are some unexpected benefits from the management system? 



28 
 

5. If any, what are some unexpected negatives from the management systems? 

6. Is property aware of stormwater billing credits program? Are you interested in receiving 

information about the credits program? 

7. Have the SMP’s saved the property any money/lowered utility costs? (heating/cooling, water 

use, flooding, etc) 

Future Projects 

1. What is your opinion on implementing SMPs on future projects? 

2. If applicable, Do you see the property considering retrofitting the site to collect and manage 

additional stormwater? 

Information Release  

1. Would you mind if PWD distributes information about the property’s SMPs? 

2. Would you mind if PWD distributes photographs of the property and/or SMPs? 

3. Who is best person to contact in future about SMPs?  Best method of contact? 
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Appendix B, Questionnaire Submitted to Engineers 

 

 From your experience, what are the major influences when incorporating low impact design 

practices?  

 What are common management practices you have used for sustainable design? 

 What are the most common stormwater management practices you have used? 

 In your experience, was implementing SMPs a high priority for the developer? 

 On average, did the property owner or developer have specific SMPs in mind? 

 In your experience, what were the factors that influenced the particular selection of SMPs?  

 Did design and construction costs influence the SMPs chosen? If so, by how much? 

 Have you encountered any SMP installation problems during construction?  

 Have you encountered maintenance problems in the SMP(s) after construction? 

 Have you encountered hidden costs in the SMP(s) during and/or after construction? 

 Did you work on any projects where the developer or property owner voluntarily chose to 

manage stormwater? If so, do you know what influenced their decision? 
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Appendix C, Sample Operations and Maintenance Agreement  

Porous Pavement 

Description: 

 

The paving used is previous so that stormwater can sink in and be detained in the basins located below the 

paving. 

 

Location:  

 

There is porous paving above SMPs 1, 3, and 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Maintenance Activity Frequency 

• Mow grass in paver or grid systems that have been planted with grass. 

 

• Snow plowing shall be performed with the blade raised one (1) inch 

above normal plow height. 

 

• Salt is acceptable for use as a deicer on the porous pavement, though 

non-toxic, organic deicers, applied either as blended, magnesium 

chloride-based liquid products or as pretreated salt, are preferable. 

 

• Abrasives such as sand or cinders shall not be applied on or adjacent to 

the porous pavement.  

 

• Vacuum porous asphalt or concrete surface with commercial cleaning 

unit (pavement washing systems and compressed air units are not 

recommended). 

 

• Clean out inlet structures within or draining to the subsurface bedding 

beneath porous surface. 

 

• Maintain records of all inspections and maintenance activity. 

As needed 

 

 

Winter maintenance 

 

 

Winter maintenance 

 

 

 

 

Winter maintenance 

 

 

Biannually 

 

 

 

Biannually 

 

 

Ongoing 
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Image 1, Storm Classification 

Recurrence intervals and probabilities of occurrences 

Recurrence 

interval, in 

years 

Probability of 

occurrence in 

any given year 

Percent chance of  

occurrence in any given year 

100 1 in 100  1 

50 1 in 50 2 

25 1 in 25 4 

10 1 in 10 10 

5 1 in 5 20 

2 1 in 2 50 
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Image 2, Example of Porous Pavement and Pavers 
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Image 3, Example of Green Roofs 
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Image 4, Examples of Green Roof Tray Systems 
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Image 5, Trees and Vegetation in Parking Facility 

 

 


