
Green City, Clean Waters 
The Role of Green Stormwater Infrastructure in 
Creating a Sustainable Philadelphia 

www.phillywatersheds.org 



“A Sustainable Utility in Support  
of a Sustainable City” 

Our Vision 
To become America’s model 21st Century urban water, wastewater and 
stormwater utility  

 
•Drinking Water: 1.73 million customers in Philadelphia, Bucks, 
Montgomery and Delaware Counties 
•Wastewater: 2.22 million customers in Philadelphia, Bucks, 
Montgomery and Delaware Counties 

•Stormwater: Philadelphia City/County only 
•New integrated approach for water and resource management 



Presenter
Presentation Notes
This map of Philadelphia shows all of the surface streams that once flowed across our city.  As the city developed, these streams were used for waste disposal. In fact, our rich water environment helped fuel that rapid development and industrialization of Philadelphia.  But as the city grew and industry expanded, our water became severely polluted. 



Presenter
Presentation Notes
The solution was to install a sewer system, transforming the polluted streams into large pipe conduits. This way, the waste could be transported away from growing neighborhoods and discharged farther downstream. 



Photo Credit: Philadelphia Water Department Historical Collection 

Presenter
Presentation Notes
The engineering and construction effort was enormous.  One by one, these polluted streams were piped, forming our sewer system.  Stream valleys were filled, leveling the city and preparing it for development.  Most of our wetlands were also drained to provide land for a rapidly growing city. 



Philadelphia’s Sewer System 

• Nearly 3,000 miles of sewers 

• Three water pollution control plants, treating an average of 
471 million gallons per day 

Photo Credit: Philadelphia Water Department 

Presenter
Presentation Notes
The Commonwealth of Pennsylvania passed a law banning the discharge of sewage into state waters in 1905 and required municipalities to create plans for collecting and treating their waste.  Philadelphia’s plan was published in 1914 and called for many miles of intercepting pipes to capture the sewage before it reached the streams and three sewage treatment plants to treat the waste.  While the city’s first wastewater treatment plant was constructed in 1923, it wasn’t until the mid-1950s that the system was fully completed. 



Types of Sewers in Philadelphia 

60% of Philadelphia 40% of Philadelphia 

Downspout 

Storm 
drain 

Dry Weather 

Outfall 
pipe to 
creek 

Downspout 

Storm 
drain 

Dry Weather 

Outfall 
pipe to 
creek 

Combined Sewer Separate Sewer 

Presenter
Presentation Notes
So, what kinds of sewers do we have in Philadelphia? Combined sewers and separate sewers. (Animate) 60% of Phila served by CSOs and 40% served by separate sewer.

In a combined sewer, there is one single pipe that transports the sanitary waste (from our homes) and stormwater runoff (from the street) in one big pipe. In dry weather (when it isn’t raining), the CSO pipe transports the waste directly to the water treatment plant. However, when it rains hard, there is so much stormwater runoff on the streets that make its way into the pipes, that the combination of the sewage with the stormwater runoff is too much for the big cso pipe - it exceeds the capacity of the pipe and/or treatment plant. As a result, a portion of the sewage and stormwater mixture may be sent directly to a nearby stream or river to prevent the flooding of homes and streets.  This is what is known as a Combined Sewer Overflow. (Demonstrate how it flows in graphic and point out dam and outfall).

In a separate sewer, there are two pipes. (Animate). One carries sewage to the water treatment plant. The other collects stormwater and carries it to a nearby creek. Separate sewers collect only stormwater and transmit it with little or no treatment to a receiving stream.

---
One way to eliminate CSOs would be to add a separate system of pipes to drain stormwater directly to creeks or rivers. This would be very expensive and would also release untreated stormwater in all storms, which would add chemicals from surface runoff to the water bodies.
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Types of Sewers in Philadelphia 

Presenter
Presentation Notes
The process in wet weather…

The mixture of stormwater and sewage can overflow certain obstacles, like this dam, and spill into the creek.

In dry weather no stormwater or sewage goes into the creeks. 

When it rains, combined sewers can overflow. 
---
From a storm, a lot of water rushes very quickly into the sewers from the street, your rooftop, anywhere outside. And keep in mind that the amount of sewage that normally goes through the pipe is about the same. With separate sewers, the same large amount of stormwater is conveyed from the streets to the nearby creek. I just want to clarify that stormwater isn’t clean. By the time it hits the ground and washes over yards, streets, roofs, construction sites it is filled with oil, dirt, and a lot of other pollutants. 




Natural vs. Urban Stormwater Drainage 

Stormwater infiltrates into the ground 
Plants and trees work to absorb stormwater 

Water hits impervious surface and runs off roofs, 
streets, parking lots etc.  
Runoff goes into the sewers 

http://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/technical/alphabetical/water/restoration/?&cid=nrcs143_026903 
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Presenter
Presentation Notes
An urban problem- 



Stormwater Runoff Becomes Easily Polluted with: 
• Fertilizers, herbicides, and insecticides  
• Oil, grease, and toxic chemicals  
• Sediment 
• Bacteria and nutrients 

The Environmental Protection Agency estimates that this type of 
pollution is now the single largest cause of the deterioration of our 
nation's water quality 

Why Manage Stormwater? 

Stormwater Runoff Contributes to Combined Sewer Overflows 
• Managing stormwater helps to protect and recharge drinking water supply 

  

Stormwater Damages our Built and Natural Environment 
•    Runoff damages valuable aquatic and riparian habitat 
•    Stormwater leads to flooding and property damage 

 
We need to meet state and federal requirements (MS4 Phase I & II; CSO 
Control) 



• 63 sq. miles 

• 164 outfalls 

• 4 receiving 
water bodies 

Philadelphia’s Combined Sewer System 

Presenter
Presentation Notes
It is a national water priority to clean up reduce or eliminate combined sewer overflows in order to improve the quality of our nations rivers and creeks. EPA's CSO Control Policy, put out in 1994, is the national framework for control of CSOs. The EPA reports to Congress about the progress made by EPA, states, and municipalities in implementing and enforcing the CSO Control Policy.
Complete sewer separation - $16 billion



Conventional Approach  

Store sewage/stormwater in deep tanks and tunnels and pump back into sewer 
system after rain event 

Photo Credits: Melbourne Water 

How to Reduce  
Combined Sewer Overflows (CSOs) 

Presenter
Presentation Notes
Cities have been trying to reduce combined sewer overflows for quite some time now.  The conventional approach has been to create large, centralized infrastructure solutions.  Enormous tanks and deep tunnels are constructed to temporarily store the combined rainwater and sewage until after the storm has passed.  Then the combined sewage is pumped back into the city’s sewer system to be treated at a wastewater treatment plant.
This is clearly single-purpose infrastructure that treats rain was a waste product.  It is also enormously expensive to design and construct and requires a specialized workforce to install.  Once completed, these systems are extremely resource intensive to maintain, since a huge amount of energy is used after every rainstorm to dewater the system.  And the system isn’t adaptive to climate change – once the tunnel is constructed, it can’t be easily expanded.



• $9 - $10 Billion 

• Greatly exceeds residents’ limit of 
affordability 

• Construction and long-term 
operations use enormous 
amounts of energy 

• Highly specialized design and 
construction limits local jobs 

• Hard to adapt to uncertain 
climate changes 

Centralized Storage (Tunnel) Option 

Presenter
Presentation Notes
EPA’s approach calls for an evaluation of costs of the proposed improvements against Philadelphia citizens’ median household income.  In general, wastewater and stormwater control costs that exceed 1.5%-2% of the median housing income become an unacceptable cost burden to ratepayers.



New Approach 

Design urban sites so rainfall infiltrates, supports vegetation, and/or is reused  

Photo Credits: Philadelphia Water Department and Meliora Environmental Design 

How to Reduce  
Combined Sewer Overflows (CSOs) 

Presenter
Presentation Notes
The new approach to reducing CSO treats rainfall as an asset.  It is about designing our urban areas with water in mind.  This approach tries to mimic the natural water cycle, allowing water to soak into the ground again and support vegetation. 



Stormwater Tree Trench Stormwater Planter Stormwater Bump-out 

Green Roof Rain Barrel Flow-Through Planter 

West Mill Creek, Philadelphia, PA Queen Lane, Philadelphia, PA Columbus Square, Philadelphia, PA 

Row home, Philadelphia, PA PECO Building, Philadelphia, PA Philadelphia Water Department, Philadelphia, PA 

Presenter
Presentation Notes
Philadelphia is the first city in the country to receive approval from the EPA to manage stormwater using green stormwater infrastructure, such as green roofs, tree trenches, rain gardens and porous pavement. 



Presenter
Presentation Notes
This approach thinks how this green infrastructure system can be fully integrated into our urban environment.  It relies on linked systems, rather than single purpose infrastructure.  This way, our buildings, roads, schools, and parks can be part of a larger green infrastructure system that derives multiple benefits for the people that live and work on our city. 



Enhances Recreation and Restores Ecosystems 
•  10% more recreation and stream related visits 
•  New & restored wetlands and restored 

streams 
 

Improves Neighborhoods 
• $390M increase to property value near parks 

and green areas 
• 250 people employed annually 

 
Improves Public Health 

• 140 fewer heat related fatalities 
• 1-2 avoided premature deaths per year 
• 20 avoided asthma attacks per year 

 
Saves Energy and Offsets Climate Change 

• 1.5 billion lbs avoided/absorbed carbon dioxide 
emissions 

Photo Credits: Philadelphia Water Department 

Economic / Environmental / Social Benefits 

Presenter
Presentation Notes
After 40 years, the Green City, Clean Waters program will create more than two dollars in benefits for every dollar invested

45 acres of restored wetlands
148 acres of wetlands created
11.1 miles of streams restored



• Enforce strong stormwater regulations on development 

• Create stormwater billing structure that rewards good practices 

• Design and construct Capital Investments in green stormwater infrastructure and 
Leverage Private Investment 

Our Goal 
9,500 Impervious Acres Converted to “Greened Acres” 

 
Greened Acre: An acre of impervious cover that is retrofitted to utilize green 

stormwater infrastructure to manage stormwater using source controls such as 
infiltration, evaporation, transpiration, decentralized storage and reuse. 

 

Presenter
Presentation Notes
GA = IC * Wd
One Greened Acre is equivalent to 1 inch of managed stormwater from 1 acre of drainage area, or 27,158 gallons of managed stormwater.




Citywide Planning Initiatives 

Presenter
Presentation Notes
We’re also working with other city agencies and their planning efforts.  For instance, PWD is working with the Streets Department and the Mayor’s Office of Transportation and Utilities to create a green streets manual that will integrate green stormwater infrastructure practices into standard streetscape details. 



• Every development project that meets earth 
disturbance trigger (5,000 or 15,000 SF) 
must manage at least first inch of rainfall on 
site 

• Since 2006, 478 projects have been 
approved, that collectively will manage over 
1.5 billion gallons of rainfall annually 

PWD Stormwater Regulations 

Photo Credits: Paul Rider, Dan Reed, Marissa Huber 

Presenter
Presentation Notes
Philadelphia has three major incentives for developers and building owners to consider green roofs for new contruction or roof replacements:
Stormwater regulations for development



Check on more projects at http://www.phillywatersheds.org/BigGreenMap 

Photo Credits: Pennsylvania Horticultural Society and Meliora Environmental Design 

Demonstration Projects 

Presenter
Presentation Notes
And over the past decade, we have been designing and installing demonstration projects.  You can keep track of the progress on our Big Green Map on our website.  I’ll close with some images of these projects 



Monthly Stormwater 
Billing based on property 
characteristics: 

* Gross Area Charge = 
$0.528 / GA unit 

* Impervious Cover = 
$4.169 / IA unit 

 

Encourage site retrofits by 
offering billing credits for 
on-site stormwater 
management 

http://www.phila.gov/water/swmap 

Stormwater Billing & Crediting 

Presenter
Presentation Notes
2. Stormwater impervious cover parcel-based billing and 



Business Privilege Tax Credit  

Passed in 2007, the credit is available to applicants that provide a green roof covering 
for at least 50% of the buildings rooftop or 75% of eligible rooftop space and will 
maintain the green roof for a period of five years after the date of its completion.  
 
The applicant may claim a credit against the Business Privilege Tax ofr 25% of all costs 
actually incurred to construct the green roof, provided that the total credit does not 
exceed $100,000. 

Presenter
Presentation Notes
And over the past decade, we have been designing and installing demonstration projects.  You can keep track of the progress on our Big Green Map on our website.  I’ll close with some images of these projects 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=wIgVcOxC9j_OhM&tbnid=auBWv5x2reIMyM:&ved=0CAUQjRw&url=http://commons.wikimedia.org/wiki/File:Philadelphia_skyline_from_south_street_bridge.jpg&ei=adNIUeiqNe-30QHFkoDQCQ&bvm=bv.43828540,d.dmg&psig=AFQjCNE5cHbhAFV18yaQoH-n-rxBvsomqA&ust=1363813607624390�
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How do we go from this?



Presenter
Presentation Notes
To this?



Green Streets 
The ability to greening streets is a great 
opportunity for Philadelphia to meet 
stormwater management goals because 
they are in the public right of way.    

PWD already conducts 22 miles of 
street projects per year,  so adding 
green infrastructure to already 
planned projects can help keep costs 
down 

In addition to full street greening, 
PWD is also diverting street runoff 
into parks and other public 
projects 

Presenter
Presentation Notes
To this?



Green Streets Implementation 

Green Street 
progress to date: 
 
Construction  
complete :  
35 blocks 
 
Currently in 
construction :  
185 blocks  
 
Currently in  
design :  
165 blocks  
 

Current barriers to implementation are mostly due 
to engineering feasibility issues such as: 
 
•   Street slope 
•  Cost of repavement 
•  ADA accessibility 
 
 

In addition, PWD needs to improve collaborations 
with city agencies, utilities and private partners to 
improve time and cost efficiences 

Presenter
Presentation Notes
To this?



Green Streets Manual 
PWD is now seeking collaboration with the Philadelphia Streets Department on the 
miles of street projects they work on annually 
 
The Green Street Design Manual will be available in draft form in June, 2013. The 
manual is being jointly vetted by PWD, Streets Department, and the Mayor’s Office of 
Transportation and Utilities 
 
The manual provides designs and standards for green stormwater infrastructure 
applications within the right of way as well as guidance for the most appropriate ways 
to apply these standards. It LAO Dormalizes the process whereby a green street design 
can be approved by both Streets Dept and PWD and ultimately dedicated to PWD 
when construction is complete 
 
The complete manual will assist any entity working within the right of way, private or 
public, to successfully design and construct a "green street" 
 
Process has resulted in a list of "next steps" that would lead to increased 
implementation and/or enforcement of the strategies developed in the manual 

Presenter
Presentation Notes
To this?



www.phillywatersheds.org  

GREEN CITY, CLEAN WATERS 
 

Christine Knapp 
Director of Strategic Partnerships 

christine.knapp@phila.gov 
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