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APPROACHES AND PERSPECTIVES ON GSI 

AND OTHER SOURCE CONTROLS 

The sewage overflows from the ALCOSAN and municipal systems result from wet weather.  

Rain and snow melt get into the municipal combined sewer collection systems through 

catch basins and other drains, since these systems were designed to carry both wastewater 

and stormwater.  Historically, some streams were culverted and came to be used as 

combined sewers, resulting in stream inflow consuming valuable conveyance and treatment 

system capacity.  Stormwater can also enter the municipal sanitary sewer systems (SSSs) 

during wet weather, even though these systems were not designed to carry stormwater.  

Groundwater infiltrates into the building lateral sewers that connect to the street sewers 

and into the municipal sewers through cracks and other faults when groundwater levels are 

high.  Stormwater can enter sanitary sewers through illicit cross connections from storm 

sewers and can flow directly into sewers through low manholes.  If the volume of water 

flowing into sewers during wet weather could be sufficiently reduced, and peak wet weather 

flows could be attenuated, the need to control sewage overflows using grey infrastructure 

(pipes, tanks, tunnels, etc.) could decrease. 

From the perspective of controlling sewer overflows, green stormwater infrastructure (GSI) 

and inflow and infiltration (I/I) control through sewer repairs and rehabilitation accomplish 

the same goal of reducing the volume of water in sewers during wet weather.  They both are 

source controls.  This appendix describes the major GSI and I/I source control technologies 

which can be applied in a wet weather program.  This appendix also expands on the 

national and regional perspectives on controlling Combined Sewer Overflows (CSOs) 

through green stormwater infrastructure (GSI), as found in Section 2 of this document, as 

well as the implementation of GSI among the municipal, county, state and federal agencies 

active within the ALCOSAN service area.  

A.1 Approaches to Source Control 

A.1.1 Green Stormwater Infrastructure Technologies 
Originally referred to as stormwater best management practices (BMPs), today GSI is 

emerging as an integrated array of techniques that emphasize infiltration and 

evapotranspiration over decentralized storage as the principal control mechanisms.  Some 

of the early considerations of GSI came about through the practice of Low Impact 

Development (LID) planning, which merged concepts of stormwater BMPs into property 

development practices.  In a 2004 Report to CongressA-1, USEPA offered the following with 

respect to LID techniques: 

“While the concept of using LID to control storm water runoff is familiar, the 

application of LID techniques for CSO control has been limited (University of 

Maryland 2002).  It is unlikely that LID technologies alone are sufficient to fully 

                                                                 
A-1 USEPA. Report to Congress on the Impacts and Control of CSOs and SSOs. 2004. EPA 833-R-04-001.  



 

A - 2 

control CSOs, yet they have shown promise as part of larger programs in reducing 

the size of structural controls (e.g. storage).  The use of LID as an SSS (separate 

sanitary system) control is limited to situations in which LID might contribute to 

inflow control.  LID has great potential as a stormwater control for the separate 

storm sewer system that compliments an SSS.” 

 

Contemporary stormwater management planning often includes GSI as a part of 

comprehensive development and re-development strategies for restoring urban and 

suburban watersheds through the control of stormwater runoff at its source.  GSI 

technologies mimic natural watershed functions while supplementing the hydraulic and 

hydrologic needs of surrounding sewer infrastructure.  A typical GSI installation will 

perform some or all of the following functions: 

 Intercept stormwater runoff from a 

designated impervious area; 

 Infiltrate stormwater and recharge 

groundwater aquifers; 

 Vegetative absorption of stormwater and 

associated evapo-transpiration of water 

back into the air; 

 Removal of contaminants through 

vegetative and soil absorption; 

 Evaporation of stormwater back into the 

air; and 

 Slow release of stormwater runoff back to 

the combined sewer system when design 

capacity is exceeded. 

 

Green stormwater controls are designed to repair the 

effects of urbanization on watersheds and to restore 

natural hydrologic conditions.  In doing so, GSI 

supports several watershed protection functions, 

including sewer overflow control.  When examined as a 

holistic system, GSI serves as a means of collection, 

storage, treatment and conveyance which can reduce 

the size or need for traditional sewerage and related 

system improvements. 

Applications of GSI are designed to fit the surrounding 

land use and desired functionality at the site.  There 

are several basic types of GSI applications, and from 

these, various combinations and permutations are 

Figure A-1: Example of Curb Cut-out with Bio-Swale at 
ALCOSAN Customer Service & Training Building 

 

Figure A-2: Example of Green Roof at 
Carnegie-Mellon University 
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created for a site-specific installation.  Some typical applications include:  

 Bio-retention; 

 Pervious pavement and related brick or block applications; 

 Green roofs; 

 Rain gardens; 

 Rain barrels; 

 Stormwater wetlands; and 

 Street tree trenches/stormwater planters/curb bump outs. 

 

For the purpose of sewer overflow control, green stormwater controls provide overflow 

volume reduction in combined sewered and sanitary sewered systems.  Sanitary sewer 

applications include disconnecting roof leaders, yard drains, sump pumps, and pumped 

foundation drainage and directing the flows to infiltrate greened areas such as lawns, 

stormwater planters, and rain gardens.  The application of GSI can play an important role 

in sanitary sewer overflow (SSO) reduction programs.  In cases where sewer overflows are 

not a concern, GSI also plays a role in combined and sanitary sewer systems by reducing 

runoff contaminants, stream flow variability and resultant aquatic life habitat degradation.  

As a result, GSI installations are common BMPs applied as a part of municipal separate 

sanitary sewer system (MS4) National Pollutant Discharge Elimination System (NPDES) 

permit compliance programs.  

As the number of GSI projects grows throughout the country, more is being learned about 

the direct and indirect benefits of these stormwater management practices.  The primary 

benefits to sewer overflow control programs are reduction of overflow volumes, peak flow 

rates, and pollutant loadings.  Some of the indirect benefits which can be realized through 

GSI installations include: 

 Community benefits through aesthetic enhancements that can increase the quality of 

urban life and improve property values; 

 Health benefits beyond sewer overflow control, such as reduction of urban “heat island” 

effect and improved air quality; 

 Increased urban wildlife habitat; 

 Hydrologic benefits through more sustainable watershed management practices which 

recharge aquifers, reduce storm damage to riparian habitats, and use less energy by 

limiting the pumping of flows through traditional conveyance and treatment systems; 

 Economic opportunities for GSI contractors with sustained maintenance jobs; and 

 Low capital investment for residential property owners, encouraging community 

participation and supporting public education programs. 
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A.1.2  Other Source Controls 
Categorizing source control techniques as GSI is subject to debate depending on how the 

“green” element is interpreted.  For example, pervious pavement or rooftop interception and 

storage are not particularly green, as they involve no vegetation and therefore no 

evapotranspirative control elements, but yet they often are included among GSI 

technologies.  In fact, today most source controls and other traditional stormwater BMPs 

often are considered to be “green” in that they represent a sustainable stormwater 

management practice.   

In addition to the GSI technologies discussed in Section A.1.1, there are several methods of 

inflow and infiltration (I/I) source control which can benefit both combined (infiltration 

control) and sanitary sewer areas (inflow and infiltration control).  I/I reduction involves 

the disconnection of inflow sources and the repair or replacement of faulty pipes and 

appurtenances to reduce groundwater infiltration.  I/I reduction can work in conjunction 

with other GSI controls, and traditional grey infrastructure controls, or they can work as 

stand-alone solutions.   

Both public (municipal street sewers) and private (building lateral sewers) can be subject to 

inflow sources and groundwater infiltration (GWI).  A 2006 Water Environment Federation 

(WEF) guideA-2 suggests that all source categories, public and private, must be controlled to 

adequately address I/I; noting that “if only some of the sources are controlled, then the 

rainwater often migrates to the nearest uncontrolled source resulting in little, if any, 

benefit to the sewerage system.”  This point was reinforced in a study of I/I conducted by 

the Northern Kentucky Sanitation District No. 1 in 2006.A-3  The study cited evaluations 

conducted in five cities in which it was estimated that the percentage of I/I from private 

property ranged from 20% to 80%.  USEPA also estimates that a significant portion of GWI 

may originate from building lateral pipes – the pipes on private property that connect 

buildings to the public collection sewers in the streets.A-4 

In the Pittsburgh region, a source of inflow in the combined sewered areas is the direct 

connection of streams to the sewer system.  During development eras that pre-date 

ALCOSAN, natural urban streams were sometimes culverted and sanitary and storm lines 

were directly connected to the culvert, thus transforming them into combined sewers to 

serve a variety of urban developmental needs.  This concept is illustrated in Figure A-3, 

which displays approximate locations of historic streams within the ALCOSAN service 

area.  The direct stream inflows carry stream base flow and stormwater runoff during wet 

weather into the combined sewer system, thus taking up hydraulic capacity.  These stream 

inflows also let grit, debris and sediment into the sewer system creating further hydraulic 

and interceptor maintenance issues.  Continued conveyance and treatment of these flows at 

the Woods Run Wastewater Treatment 

                                                                 
A-2  Water Environment Federation. Guide to Managing Peak Wet Weather Flows in Municipal Wastewater Collection 

and Treatment Systems. 2006. 
A-3  Sanitation District No.1 of Northern Kentucky. Inflow and Infiltration from Private Property. 2006, prepared by 

Strand Associates, Inc. 
A-4  USEPA. Review of Sewer Design Criteria and RDII Prediction Methods.  EPA 600/R-08/010. 2008. 
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Figure A-3: Historic Stream Map 
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Plant (WWTP) wastes valuable system capacity and energy while preventing the natural ecological 

function which preserved, undeveloped streams provide. 

To eliminate these unnecessary burdens on the collection system, a stream connection must be 

removed or rerouted while restoring the ecological functionality of the naturally occurring stream.  

ALCOSAN has proactively implemented several direct stream inflow removals and stream 

restoration efforts. 

ALCOSAN continues to target control of this inflow source as a high priority overflow control 

measure in coordination with customer municipalities. An example of a direct stream inflow 

removal and stream restoration at Jack’s Run, located between Bellevue Borough and the City of 

Pittsburgh, is shown in Figure A-4. 

 

 

                 –    -                        –                            –                           

 
Figure A-4: ALCOSAN Direct Stream Inflow Removal and Stream Restoration at Jack’s Run 

 

Controlling GWI is intended to preserve the hydraulic design capacities and reverse the effects of 

deterioration for pipes in both combined and separate sewer systems.  

Techniques to control GWI can involve non-structural and structural rehabilitation of existing pipes 

and appurtenances such as manholes.  Non-structural repairs involve the sealing of leaks around 

joints of otherwise structurally sound pipes through the remote application of grouts and sealants 

without excavating the pipes.A-5  Structural repairs involve the replacement of defective pipe 

segments or the lining of existing pipes using trenchless technologies.  The pipes can be “slip lined” 

by pulling a flexible plastic inner pipe of slightly smaller diameter through the existing pipe.  

Building connections are restored after installation by remote devices that cut through the slip 

lining.  Pipe linings can also be “cured in place” in which a thermo plastic resin impregnated felt 

composite liner is inverted (pulled inside-out) through the pipe and then heat cured using hot air or 

hot water.  Pipe bursting can also be used.  Under this technique, a bursting tool is pulled through 

the existing pipe to break it and make room for a new continuous plastic pipe, often of a somewhat 

larger diameter, thereby increasing hydraulic capacity. 

The ability of municipalities to address infiltration from private property can be limited by legal 

constraints on the ability to use public funding to improve private properties and by concerns that 

                                                                 
A-5 Optimizing Operation, Maintenance, and Rehabilitation of Sanitary Sewer Collection Systems prepared by the New England 

Interstate Water Pollution Control Commission, 2003.  

Stream Post-Restoration Stream Pre-Restoration Inlet Pre-Construction 
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MUNICIPAL ORDINANCE 
COORDINATION: 

 USEPA’s Water Quality Scorecard 
provides a municipal self-audit for GSI 
impediments; 

 Chicago has developed integrated site 
plan reviews; 

 Philadelphia has integrated water, 
stormwater and sewer planning into 
zoning permit applications; and 

 Pittsburgh’s stormwater management 
ordinance requires the maximum 
feasible use of LID when projects 
involve public funding.  

publicly funded repairs to private lateral sewers impose a long term maintenance obligation on the 

municipality.  Source reduction is also complicated by building foundation drains and downspouts 

that may be connected into the sanitary collection sewers and are likely connected in combined 

collection sewers.  Most municipalities have ordinances requiring the documentation that 

downspouts are not connected to the municipal sanitary sewers at the time of property sale.  

Downspout disconnection also can be an effective source control which can be coupled with other 

GSI technologies to ensure adequate drainage and infiltration.  Foundation drainage is more 

complex and can be expensive for a homeowner to address, but is another source control which can 

reduce the burden on sanitary and combined sewers.  These issues led to one creative alternative 

wherein badly leaking sanitary sewers were repurposed as drainage and new water-tight plastic 

pipe collection sewers and building laterals are installed. In some cases inflows occur due to storm 

inlets being improperly connected to the sanitary sewer system.  Identifying and disconnecting 

these improperly connected storm inlets is another source control measure municipalities might 

employ in eliminating sanitary sewer overflows. 

 

A.2  National and Regional Perspectives on GSI 
This sub-section expands on the national and regional perspectives on controlling CSOs through 

GSI, as found in Section 2 of this document.  Included are additional details and other examples of 

GSI implementation practices found in other cities. This sub-section also expands upon the current 

roles and responsibilities for the implementation of GSI among the municipal, county, state and 

federal agencies active within the ALCOSAN service area.  

A.2.1 National Perspectives 

National Institutional Practices in GSI 

Implementation 
As programmatic GSI implementations have gained in 

sophistication, examples of implementation practices of 

other cities have emerged which could be applicable to 

ALCOSAN and the municipalities. 

Municipal Ordinances and Green Stormwater 

Infrastructure 
A commonly cited concern is the need to update existing 

municipal codes and ordinances to allow municipalities 

to implement GSI and meet future water quality 

objectives.  The USEPA has issued its Water Quality 

ScorecardA-6 to guide municipalities through this 

assessment of codes, ordinances and practices among 

varying institutional partners and identify potential inconsistencies.  The City of Chicago put this 

approach into practice through its Department of Environment’s review of city-wide development 

ordinances related to GSI design.  Chicago produced a guide with suggestions for avoiding 

inconsistencies in GSI implementation such as integrated site design plan reviews and GSI 

                                                                 
A-6  USEPA. Water Quality Scorecard can be accessed at: http://www.epa.gov/smartgrowth/water_scorecard.htm  

http://www.epa.gov/smartgrowth/water_scorecard.htm
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maintenance requirements in addition to code improvement suggestions to accommodate GSI 

design.A-7  The City of Philadelphia requires the approval of water, sewer and stormwater plans 

prior to issuing zoning permits.A-8   

Stormwater Management Ordinances 
As cities or agencies plan for GSI on a broad scale, there has been a need to modify ordinances that 

govern stormwater management and flood control for new development and redevelopment in order 

to accommodate GSI installations.  Typical regulations require property owners to manage the 

quantity of stormwater runoff (and sometimes quality as well) via certain volume-based 

performance standards or by requiring no increase in post-development run-off. Certain cities 

require the use of GSI technologies to the maximum extent feasible.   

The City of Philadelphia’s stormwater regulations were updated in January 2006.  The regulations 

require that every development/redevelopment project initiated within the City limits with an area 

of disturbance greater than 15,000 square feet must manage the first inch of runoff from the site.A-9  

Philadelphia estimates that 1% of its total land will undergo redevelopment in a given yearA-10, thus 

this policy is considered part of a long term strategy to be supplemented by other stormwater 

management options.  New York City’s GSI program anticipates 5% of its expected city-wide target 

to come from new development and redevelopment.A-11  The City of Pittsburgh modified its 

redevelopment stormwater ordinancesA-12 to encourage private 

developers to pursue LID strategies and require that publicly 

funded projects utilize LID to the maximum extent technically 

feasible.  

Design Manuals  
Some cities are supplementing their modified ordinances by 

developing GSI design manuals to provide design and 

performance standards.  These typically expand upon an 

existing design manual for a city or utility, and include items 

such as GSI design criteria and performance goals, examples of 

how to meet these goals, suggestions for designing around 

common site constraints, descriptions of the required steps for 

getting the design approved and permitted and lessons learned 

in applying specific GSI technologies.   

There is no federal guidance on how to develop GSI design 

manuals at a community level.  Pennsylvania issued its 

Stormwater BMP Manual in 2006A-13, with similar manuals 

developed in Maryland, Michigan, New York and other states.  

                                                                 
A-7 City of Chicago. Adding Green to Urban Design, 2008.  
A-8  USEPA. Green Infrastructure Case Studies. EPA-841-10-004, 2010, p. 17. 
A-9   PWD. Green City, Clean Waters: Program Summary, 2011 pg. 39. 
A-10  PWD. Green City, Clean Waters Implementation and Adaptive Management Plan (IAMP), 2011. 
A-11   The City of New York. Green Infrastructure Plan, 2009, p. 5. 
A-12  Pittsburgh Zoning Code, §§1003.04-1003.4A, accessed at: http://www.municode.com/Library/PA/Pittsburgh.   
A-13   PaDEP. Stormwater Best Management Practices Manual, 2006. Section 8.8: “Non-Structural BMP Credits.” 

 

  
Figure A-5:  The City of Philadelphia 

issued its GSI design manual in 2014 

http://www.municode.com/Library/PA/Pittsburgh
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At a city level, the Louisville Municipal Sanitation District has issued a comprehensive Green 

Infrastructure Design Manual which includes design standards and strategies, site selection 

guidance and key facts on GSI technologies. The City of 

Philadelphia released its Green Streets Design manual in 2014.   

Inspection and Maintenance Agreements  
Inspection, maintenance and enforcement provisions for GSI are 

typically established in the municipal or agency ordinance that 

governs GSI and/or stormwater, but standard legal agreements 

for maintenance and inspection also have to be developed.  For 

projects that are in the public right-of-way, the city or public 

authority will typically assume ownership and supply 

maintenance through its existing staff or contracted services. 

As GSI is implemented on private property, maintenance 

arrangements can take different forms. Cities often develop 

enforceable agreements in which private property owners are 

responsible for maintenance.  In Portland, OR GSI facilities on 

privately-owned, non-residential properties are recorded as part 

of the property title and owners are legally required to maintain 

them through an arrangement with the Bureau of 

Environmental Services.  Portland conducts regular inspection of these GSI facilities and enforces 

fines for facilities not in compliance.  A similar process is used in Philadelphia private GSI 

installations.A-14  Milwaukee provides private businesses with an easement agreement in which they 

receive a stormwater fee rebate from the City contingent on the business funding proper 

maintenance.  The easement is structured to result in an 

expected ‘net zero’ cost to businesses in that the cost to maintain 

is approximately equal to the stormwater fee rebate.A-15 

The Wayne County, MI Stormwater Management StandardsA-16 

require stormwater management systems to be maintained in 

perpetuity to ensure that they function effectively as designed 

and includes various enforcement provisions.  The county issues 

a long-term maintenance permit for each project that identifies, 

among other items, the limits of the stormwater system, the 

party responsible for maintenance, and the activities required to 

ensure that the system functions effectively.  

A maintenance option which has had mixed results in 

partnerships with non-governmental agencies and community 

organizations.  These partners can provide an enthusiastic and knowledgeable volunteer base, but it 

is important that they have a long-term ownership and funding responsibility committed to GSI 

                                                                 
A-14    Water Department. Green City, Clean Waters – Implementation and Adaptive Management Plan, 2011. Section 5.2.1.2 (pg. 5-4).  
A-15  The Nature Conservancy. Greening Vacant Lots: Planning and Implementation Strategies, 2012, p. 35. 
A-16  Accessed at: http://www.waynecounty.com/doe/1172.htm 

 
Figure A-6:  Ongoing maintenance at 

the Allegheny County office 

building’s green roof 

APPROACHES TO GSI 
MAINTENANCE: 

 GSI on public property is 
typically maintained by the 
municipality; 

 GSI on private property is 
recorded in the property title 
(Portland, OR); 

 Milwaukee installs GSI on 
easements and provides rebates 
in exchange for property owners 
maintaining the GSI; and 

 Wayne County (MI) issues long-
term stormwater maintenance 
permits. 

http://www.waynecounty.com/doe/1172.htm
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maintenance.  This proved to be successful in Cleveland where The Cleveland Botanic Garden has 

experience and funding dedicated toward developing summer programs with youth employment.  

They partnered with the Northeast Ohio Regional Sewer District (NEORSD) to train and employ 

young people to conduct maintenance for summer jobs, which enhanced community benefit and 

acceptance of the NEORSD effort within the 

community. 

Philadelphia’s public GSI demonstration 

projects, identified the need to ensure that 

GSI is treated as a capital asset, such that it 

is input into geographic information systems 

planning databases which other public 

agencies access.  It is also critical that GSI 

installations be incorporated into the PA One 

Call database in the event underground 

construction causes GSI to be temporarily 

disconnected or otherwise compromised. 

Interdepartmental and Interagency Coordination 
GSI on public lands such as street rights of way cuts across traditional public works departmental 

jurisdictions, e.g. the street department, water or wastewater utility, landscaping, etc.  Nationally, 

cities with GSI programs are developing interdepartmental coordination protocols. 

Chicago, Philadelphia, and Portland have ongoing Green Streets programs.  Portland’s Green 

Streets Program integrates planned capital improvements projects between the City Bureaus of 

Transportation and Environmental Services to identify opportunities to add GSI into planned 

transportation improvements.A-17 Chicago has led an effort to create alleyways which enhance 

infiltration throughout the city and has determined that the 

current green alleyway retrofits are cost competitive with 

traditional asphalt repaving.   

The Philadelphia Water Department (PWD) has a pilot liaison 

program with Streets Department to align capital 

improvements schedules for road construction with GSI 

targeted areas where feasible and to standardize cost-sharing 

and maintenance agreements among the departments.  Long-

term goals include developing a standard review process for 

considering green streets enhancements into all 

transportation projects, and other evaluations reconsidering 

impervious surface requirements for on-street parking.A-18  

                                                                 
A-17  Green Infrastructure Case Studies, p. 19. 
A-18  PWD. IAMP, p. 4-25. 

 
Figure A-7:  Philadelphia is pursuing opportunities to 

install GSI on vacant or abandoned parcels 

GSI CUTS ACROSS TRADITIONAL 
DEPARTMENTAL BOUNDARIES: 

 Streets;  

 Parks and landscaping; 

 Wastewater and stormwater; 

 Parking authorities; 

 Planning and zoning; and 

 Community development. 
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Smaller cities such as Santa Monica, CA incorporate GSI into all capital projects due to the small 

number of staff which review, inspect and approve on-site stormwater management plans.A-19  

Philadelphia’s Green City, Clean Waters Program is providing an example of evolving partnerships 

with other public entities such as the Philadelphia Housing Authority, the Department of Parks and 

Recreation, the Philadelphia Industrial Development Corporation, the School District of 

Philadelphia and the Southeastern Pennsylvania Transportation Authority among others.  PWD’s 

overarching goal is to integrate GSI planning into the long-term planning efforts of these 

departments and to ensure that maintenance and liability concerns are addressed.   

Some of the unique institutional partnership details highlighted in PWD’s Implementation and 

Adaptive Management Program include: 

 Coordinated tree plantings in priority areas with Philadelphia Parks Department. 

 Expand Stormwater Management Incentives Grant and Loan Program with Philadelphia 

Industrial Development Corporation to better facilitate private property retrofits. 

 Work with Licenses and Inspection Plumbing Board to require as-built record drawings of 

Stormwater Management Plans before issuing certificates of occupancy. 

 Exploring public/private partnerships with major universities in PWD service area. 

 

Identify and Work with Effective Neighborhood Partners 
Several GSI installations have shown successes through inclusion and partnership of neighborhood 

organizations and non-governmental organizations.  The City of Seattle involves community 

organizations directly in the planning process and produces completed individual neighborhood 

plans for GSI.  Residents of each neighborhood have had influence on the designs and determined 

multiple use functions to ensure better acceptance of the GSI installations. Community input in the 

planning process is also important when neighbors can identify unforeseen issues which can hamper 

GSI acceptance and performance.  The City of Baltimore had installed tall vegetation in a 

community with street crime issues without working with neighborhood residents on the design.  

Concerned over the potential for illicit activity, well-intended residents cut down the vegetation, 

which negatively affected the performance of the installation.A-20  

Working through Land Banks to Create GSI Opportunities on Vacant Lots 

Some cities have enacted measures to develop or work with land banks to implement GSI.  

Generally speaking, land banks are agencies created for the purpose of having the ability to acquire 

tax delinquent vacated lands for the purpose of repurposing it for public or private ownership. These 

single purpose organizations can be structured to work across cross agency and jurisdictional lines. 

Nationally, land banks which have used their authority to repurpose land for stormwater 

management using GSI has occurred in Chicago, Genesee County, MI, Cleveland, Detroit and New 

Orleans.  Agreements to implement GSI on vacant lands have been used by the NEORSD and the 

Detroit Water and Sewerage Department.  In January 2013, Governor Corbett signed Pennsylvania 

                                                                 
A-19  Green Infrastructure Case Studies, p. 19. 
A-20   Greening Vacant Lots p. 63. 
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Act 153 of 2012 into law.  This law allows any county, city or borough with a population of at least 

10,000 to establish a land bank which would acquire delinquent properties untaxed for 5 years to be 

used for public or private purposes.A-21  The Pittsburgh City Council created a land bank on  

April 14th, 2014.   

A.2.2   Regional Perspectives 
This sub-section expands on the current roles and responsibilities for the implementation of GSI 

among the municipal, county, state and federal agencies active within the ALCOSAN service area.  

A.2.2.1  ALCOSAN’s Roles in Promoting GSI and Other Source Controls 
ALCOSAN has taken a lead in advocating flow management practices such as source controls in 

coordination with its customer municipalities, who have control over the flows ALCOSAN receives.  

ALCOSAN’s advocacy includes provision of technical information and support in developing green 

concept plans, pursuit of state and federal funds, partnership with municipalities in the 

implementation of green projects, development and distribution of public education fact sheets, and 

the construction of GSI at the WWTP.  Some examples are summarized below.  

Creation of Three Rivers Wet Weather (3RWW) 

In 1997, ALCOSAN and the Allegheny County Health Department (ACHD) established the 3 Rivers 

Wet Weather Demonstration Program (now the 3 Rivers Wet Weather Program) as a 501(c)(3) non-

profit corporation to provide technical assistance to the municipalities in addressing overflow 

compliance challenges, and as a funding mechanism for municipal wet weather control 

demonstration projects.  Initial funding came from a $1.75 million appropriation through USEPA.  

This funding was matched by $1.43 million in in-kind technical support and administrative support 

from ALCOSAN and ACHD respectively.  In 1999, 3RWWP awarded the first round of 26 municipal 

demonstration project sub-grants which focused primarily on municipal extraneous flow source 

reduction.  

3RWW’s initial focus was on the funding of municipal demonstration projects with an emphasis on 

source controls through such methods as sewer line replacement, manhole lining and pipe grouting.  

3RWW also established stakeholder and advisory panels, and three Basin Groups (northern, 

eastern, and southern) to help educate public officials and coordinate municipal efforts.  In 2004, the 

municipalities were placed under consent orders that required inspection, assessment and repair of 

the municipal sewer systems.  The orders also required flow monitoring and the development of 

Municipal Feasibility Studies in coordination with the development of ALCOSAN’s WWP.   

3RWW developed basin engineering groups to define technical protocols and standards.  These 

efforts evolved to the Feasibility Study Working Group (FSWG) to assist the municipalities in the 

evaluation of municipal wet weather control alternatives.  The FSWG has issued more than twenty 

technical guidance documents, including Green Infrastructure Solutions and Strategies for CSO 

Control (Draft Guidance Document No. 21) and Guidelines for Performance of Flow Reduction Cost-

Effectiveness Analysis (Guidance Document No. 13).    

                                                                 
A-21   ACT 153 of 2012 accessed at: http://www.legis.state.pa.us/WU01/LI/LI/US/HTM/2012/0/0153..HTM 

http://www.legis.state.pa.us/WU01/LI/LI/US/HTM/2012/0/0153..HTM
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Technical Information and Support to Municipalities 

Acting as an advocate of GSI, ALCOSAN has pursued a variety of efforts to bring GSI to the region 

throughout the development of the wet weather plan.  Seeking to provide technical information and 

support to municipalities in the evaluation of GSI as a CSO control measure, ALCOSAN hosted a 

workshop in May of 2010.  Municipalities were provided with technical information regarding the 

benefits of GSI and methods for assessing overflow reduction potential.  ALCOSAN also offered 

partnership in the pursuit of state and federal funds for implementing GSI projects.  ALCOSAN 

originally scheduled two workshops.  Unfortunately, few municipalities took advantage of the 

opportunity and as a result only one workshop was held.   

Additionally, ALCOSAN has been integral in securing state and federal funding for a GSI pilot 

project in West View Borough.  ALCOSAN’s technical services included the development of green 

concept plans.   

Downspout Disconnection Analysis 

In 2005 ALCOSAN provided funding and technical assistance for an investigation examining the 

impact that disconnecting roof leaders have on CSO volume reduction within the Nine Mile Run 

watershed.  A field investigation was conducted to estimate the percentage of properties with roof 

leaders directly connected to the combined sewer system using a small area of the sewershed.  These 

results were then extrapolated to a larger sewershed area using GIS technologies and standard 

assumptions for land use and parcel size to determine which properties represented good candidates 

for successful disconnection and overflow volume reduction.   

Properties which met selected criteria for disconnection were modeled to estimate the impact 

diverting rooftop runoff to grassed lawn areas would have on downstream CSO volume.  Model 

results suggest that significant CSO volume reduction can be achieved by implementing downspout 

disconnection programs.  This pilot study analysis was presented to an interested municipality and 

is being considered for expansion to other portions of the ALCOSAN service area.  While 

implementation of a downspout disconnection program would be under municipal authority, 

ALCOSAN has and will continue to encourage implementation by providing technical resources as 

described herein.  

Direct Stream Inflow Removal and Stream Restoration 

ALCOSAN has long been a proponent for elimination of direct stream inflows and partnered with 

municipalities to fund and administer green stream removal and restoration projects.  ALCOSAN 

has partnered with municipalities, municipal authorities, watershed associations, conservancies 

and neighborhood groups to complete five stream inflow removal projects and three stream 

restoration projects.  Additionally, there are three ongoing stream inflow removal projects for which 

ALCOSAN is providing technical assistance in the form of engineering and funding pursuit services 

by serving as the lead legislative liaison and grant application writer.  These efforts can be 

considered matching local funds under federal funding programs. 

Stream restoration projects supported by ALCOSAN include the restoration of Nine Mile Run in 

Pittsburgh’s Frick Park, the restoration of the Jack’s Run stream (Pittsburgh and Bellevue) and the 

first in the area “daylighting” of the culverted stream in Pittsburgh’s Sheraden Park.   ALCOSAN is 
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currently supporting three more stream inflow re-routing projects, including an innovative acid 

mine drainage treatment and reuse project to divert acidic discharges into Dooker Hollow in North 

Braddock Borough.   

LEED Certification and GSI at ALCOSAN WWTP 

At ALCOSAN’s Woods Run WWTP, two LEED certified buildings have implemented GSI 

technologies to aid ALCOSAN’s understanding of the implementation and maintenance of these 

technologies. Bio-retention is used in the recently constructed Customer Service and Training 

Building parking lot and pervious pavement is a feature of the new Operations and Maintenance 

Building parking lot. 

A.2.2.2 Municipal Institutional Innovations 
 

City of Pittsburgh 

City of Pittsburgh Stormwater OrdinanceA-22  

The City of Pittsburgh amended its zoning ordinances with respect to stormwater management in 

2010, enacting stormwater volume reduction standards and encouraging the adoption of LID 

strategies to the maximum extent practicable for development and redevelopment projects.  Under 

the amendments, regulated activities equal to or greater than 10,000 square feet in area or publicly 

funded developments or redevelopments must submit to the City a Stormwater Management Site 

Plan which meets the stormwater management standards designated for that particular regulated 

activity. 

The ordinance targets for water quality control include use of LID strategies for the capture of the 

first inch of runoff from all impervious surfaces, with infiltration of the first one-half inch 

encouraged where site conditions permit.  Post-development runoff volume may not increase above 

pre-development levels for all storms equal to or less than the two-year, twenty-hour duration 

rainfall event.  For projects receiving public funds the capture requirement is 1.5 inches, equivalent 

to the 95th Percentile Rainfall Event.  The 95th Percentile Rainfall Event will be recalculated every 5 

years.  If LID is demonstrated to be technically infeasible to meet the runoff capture requirements 

then the difference can be met through application of conventional capture technologies.   

City Of Pittsburgh Facilities 
Like Allegheny County government, Pittsburgh has adopted a general Green Infrastructure plan 

which includes GSI.  The city public works department is responsible for 1,031 miles of streets, 330 

buildings, 10 parks and 2,808 parcels of vacant land. Using building codes and tax credits, over 

5,030 square feet of green roofs have been installed on 10 public and private buildings in the city 

since 2001.  

The Housing Authority of the City of Pittsburgh has 18 housing communities under its sole control 

and an additional 8 under public/private partnerships.  While the housing authority includes 

“green” in the director’s mission statement, there is no over-arching plan.  Each site and project has 

its own development plan which includes GSI.  The Larimer Vision to Action Plan is a good example 

                                                                 
A-22  Pittsburgh Zoning Code, §§1003.04-1003.4A 
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where the Housing Authority incorporated GSI into neighborhood redevelopment.  Parks, including 

a stormwater park, gardens, an urban farm, permeable paving and open “green” space totaling 90 

locations sited for GSI are all elements in the plan.  HUD awarded a $30 million Choice 

Neighborhoods grant for implementation of the plan in 

June, 2014.  

Pittsburgh Water and Sewer Authority 
In conjunction with the development of its Feasibility Study, the Pittsburgh Water and Sewer 

Authority (PWSA) hosted a series of three public charrettes to build consensus on identifying and 

optimizing the GSI opportunities which exist within the city.  These charrettes covered technical, 

financial, legal and institutional aspects of GSI implementation related to PWSA.  

Related regional organizations including ALCOSAN participated in the charrettes determining 

benefits of GSI and addressing perceived impediments to a large scale GSI implementation.  The 

series also assessed the existing local regulatory framework for its conduciveness to the 

implementation of GSI technologies and made suggestions for how incentives can be strengthened 

and barriers overcome in the implementation process.  The charrette participants identified and 

discussed a number of potential institutional impediments to GSI within the PWSA service area, 

e.g.: 

 Authority to implement; 

 Inter-agency and inter-departmental coordination and collaboration; 

 Maintenance costs and responsibilities; 

 Public and stakeholder buy-in; 

 Monitoring and regulatory compliance documentation; and 

 Timing, financing and recognition of private GSI. 

 

PWSA stated its intent to initiate time sensitive grey 

controls while evaluating the feasibility of GSI.  It outlined 

a short term (five year) plan that involves coordination with 

ALCOSAN, neighboring municipalities and the regulatory 

agencies towards GSI initiatives during 2013.  Early 

demonstration projects will also be identified.  During years 

two through four, early demonstration projects will be 

initiated and a system-wide GSI alternatives assessment 

performed.  During years four and five, the efficacy of the 

initial projects will be monitored and evaluated by the 

PWSA and an adaptive management plan update will be 

developed.  The authority also announced that it intends to 

form a stormwater utility (fee structure). 

 

PWSA’S FIVE YEAR GSI STRATEGY: 

 Initiate time sensitive grey 
controls; 

 Evaluate the general feasibility 
of GSI; 

 Identify early demonstration 
projects; 

 Evaluate the results of early 
action projects; and 

 Updated the Adaptive 
Management Plan. 

 Implement a stormwater 
utility 

  
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Municipality of Mount Lebanon Stormwater Rate Structure 
Mt. Lebanon, a separate sewered municipality, established a stormwater utility funded by a 

dedicated fee though a municipal ordinance created in 2011.A-23  Stormwater fee revenue can only be 

spent on capital improvements and operation and maintenance of stormwater infrastructure.  The 

fee is structured such that households pay a monthly flat fee, and larger properties are assessed a 

fee based on the actual amount of impervious surface.  A one-time fee credit is offered for 

installation of a rain-barrel and a recurring fee credit is offered for installation of larger capacity on-

site detention.  The fee demonstrates a direct mechanism for generating revenue for stormwater 

system operation, maintenance and improvement costs. 

School Districts 
There are 29 independent school districts with 202 buildings in the ALCOSAN service area. Eleven 

have publically recognized the need for “green” construction or rehabilitation in their budget or 

capital planning with most efforts usually focused on energy efficiency.  

There are a few examples of source control projects coupled with environmental education 

coordinated with the municipality or economic development corporation.  The Baldwin-Whitehall 

School District, for instance, provided the site for a bio-swale, bio-retention garden and a FocalPoint 

bio-filtration system at their high school.  This project is a good example of multi-jurisdictional 

cooperation for the successful implementation of GSI, with the CDC, Penn State Center, Port of 

Pittsburgh,  municipal and school district public works departments and students all taking on 

components to make the project a reality.  Expected to capture 200,000 gallons of water, the site 

occupies 5,000 square feet of land along the flood prone Rt. 51 corridor. 

Allegheny County 

Allegheny County Countywide Stormwater Management PlanA-24  

As part of its comprehensive land use plan Allegheny Places, Allegheny County is developing a 

county-wide comprehensive stormwater management program which complies with Pennsylvania 

Storm Water Management Act 167.  To date, the county has completed Act 167 plans for six of its 

nine designated watersheds within the county.  This comprehensive completion and update of all 

plans is intended to bring efficiency county-wide and will require municipalities to update their 

planning and zoning codes to conform with the county stormwater management plan within six 

months of adoption and approval of the plan.  

These updates have the potential to further encourage GSI implementation.  For instance, the 2010 

Plan Update for Girty’s Run, Pine Creek, Squaw Run and Deer Creek Watersheds (known as the 

North Hills Council of Government (COG) Act 167 Plan) includes provisions for new redevelopment 

projects to reduce impervious cover by 25% with pervious pavement or green roof systems or provide 

facilities to capture specific post development performance targets.  Additionally, the North Hills 

                                                                 
A-23  Mt. Lebanon, Pennsylvania, Ordinance 3187, enacted August 9, 2011. 
A-24  As referenced from http://www.alleghenycountyswmp.com/Home. 

http://www.alleghenycountyswmp.com/Home
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COG Act 167 Plan offers standardized guidance for stormwater planning on small properties which 

incorporates best management practices such as bio-retention and pervious pavement.A-25 

Allegheny County completed a draft Phase 1 report for its Stormwater Management Plan (SMP) in 

April of 2014.  Phase I included the identification of stormwater related problems, watershed 

characteristics, and control alternatives.  Phase II of the planning process will include procedures 

for the implementation of the SMP, conceptual solutions, and technical standards for stormwater  

management.A-26  Each of the 130 municipalities within the county will need to adopt the county 

SMP and modify any municipal ordinances as necessary to conform therewith. 

Allegheny County Health Department 
Article XV of the Allegheny County Health Department Rules and Regulations was modified 

recently to conform with PaDEP’s stormwater best management practices.A-27  While Article XV had 

required that all roofs, paved areas, yards, courts, courtyards, or areas using a topping or finish 

capable of collecting water be drained into a separate storm sewer system, or a combined sewer 

system,  structural or non-structural stormwater management practices may be employed as 

alternatives to connecting with municipal combined or storm sewer systems:A-28 

“Where required, all roofs, paved areas, yards, courts, courtyards, or areas using a topping or 

finish capable of collecting water shall be drained into a separate storm sewer system, or a 

combined sewer system, as per Section AC 1104.2, where such systems are available.  

Alternatively, as a green initiative, structural and non-structural storm water management 

practices separate from a storm sewer or combination sewer may be employed as they comply 

with Document 363-0330002 Best Management Practices for Stormwater Management 

issued by the Pennsylvania Department of Environmental Protection or are of a best 

management practice design that meets or exceeds the requirements of the above noted 

document and meet the requirements of the Administrative Authority and the local 

municipality.” 

Allegheny County Conservation District 
In addition to reviewing and enforcing Erosion and Sediment Control Plans and post construction 

stormwater management plans, the Allegheny County Conservation District has established a small 

(maximum $10,000) grant program.  Partially funded through the Clean Streams Fund (Clean 

Streams Law fines), green stormwater management projects on public lands are eligible.  The 

District has also sponsored Smart Stormwater Management seminars with the Westmoreland 

Conservation District and 3 Rivers Wet Weather which are designed for municipal officials.  

                                                                 
A-25  Act 167 Stormwater Management Plan Update Report, Prepared for the North Hills Council of Governments, April 2008. 
A-26 Draft Allegheny County Stormwater Management Plan Phase 1 Report, Allegheny County Department of Economic 

Development, April 2014.  Prepared by Michael Baker Jr., Inc. 
A-27  Document 363-0330- 002 Best Management Practices for Stormwater Management issued by the Pennsylvania Department of 

Environmental Protection available electronically at http://www.elibrary.dep.state.pa.us/dsweb/View/Collection-8305 
A-28  Article 15 Chapter 11 – Storm Drainage Section 1101 AC1 101.2 

http://www.elibrary.dep.state.pa.us/dsweb/View/Collection-8305
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Other Allegheny County Agencies 
Allegheny Green is the comprehensive plan for Allegheny County efforts to reduce pollution, 

generally, and includes GSI.  The Allegheny County Department of Public Works bears the main 

responsibility for implementation and maintenance of “green” projects covering 820 miles of roads, 

19 buildings and 4 parks.  With 22 housing communities, the Allegheny County Housing Authority 

has adopted a specific Green Plan but has not yet installed GSI.  The Community College of 

Allegheny County has 8 campuses and like the Housing Authority has a Green Plan, but no GSI 

implementation to date. Only the Kane Regional Centers consisting of 4 nursing homes and the 

County Jail have not developed a specific Green Plan. 

Allegheny County and the city of Pittsburgh jointly own and operate the Sports and Exhibition 

Authority (SEA) controlling 3 sports arenas (2 stadiums), 1 convention center, 2 parks, 2 garages 

and a redevelopment project in a large city neighborhood.  

SEA implemented GSI in their most recent construction projects, the Consol Energy Center and the 

David L. Lawrence Convention Center, with both buildings receiving Gold Certification under the 

LEED for New Construction rating system.  The 1.5 million square foot convention center has its 

own wastewater treatment plant.  SEA plans to use GSI in their redevelopment of the Lower Hill 

District neighborhood. 

3 Rivers Wet Weather (3RWW) 

3 Rivers Wet Weather has played a key role in promoting the use of GSI within the ALCOSAN 

service area, including: 

 GSI Pilot Studies - 3RWW is conducting a detailed evaluation of the potential application for 

GSI in the combined portions of three sewersheds - Nine Mile Run, McNeilly Run and Girty's 

Run.  The findings are being shared with the municipalities to encourage full consideration of 

GSI in the municipal feasibility studies; 

 3RWW maintains an inventory of public and private GSI installations around the Pittsburgh 

area; 

 3RWW has developed GSI evaluation tools such as the Rainways GSI planning tool;  

 3RWW supports and maintains the Green Infrastructure Network, a voluntary partnership of 

more than 50 organizations, businesses, academic institutions, authorities and local 

governments; 

 3RWW’s annual conference provides an important forum for distributing the latest national and 

international developments relating to source controls; and 

 3RWW has provided municipal technical training and seminars relating to the planning and 

implementation of GSI and I/I reduction. 
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Pennsylvania State Agencies 

Pennsylvania Department of Environmental Protection (PaDEP) 

PaDEP has general regulatory authority over stormwater management, including GSI, within 

Pennsylvania through the Pennsylvania Clean Streams Law and its authority under the federal 

Clean Water Act as delegated by Region III of USEPA.  PaDEP also issues regulations and guidance 

pursuant to the Pennsylvania Stormwater Management Act (Act 167).  PaDEP's involvement with 

GSI includes: 

 The promulgation of construction and post-construction erosion and sediment control rules 

under Chapter 102 of the state administrative code; 

 The definition of best management practices; 

 The issuance of NPDES discharge permits to sanitary sewered municipalities (MS4) and 

combined municipalities (CSO Control Policy);  

 The financing of stormwater management and CSO control projects through PennVEST, 

including a 20% reserve for green projects from the federal 2010 state revolving loan fund 

appropriations; and 

 The potential provision of regulatory flexibility in terms of the CSO municipalities' consent 

orders and agreements. 

 

PennDOT 

The Pennsylvania Department of Transportation (PennDOT) outlined its approach to GSI at the 

2012 Green Streets Forum.A-29  PennDOT acknowledged their shared responsibilities with 

municipalities in urban areas; however PennDOT also pointed out that it has exclusive jurisdiction 

within its rights-of-way and that municipal stormwater ordinances do not apply to PennDOT.  Even 

so, PennDOT maintains consistency with applicable Act 167 Plans.   

PennDOT divides projects into four levels of potential stormwater impacts, ranging from minimal 

(e.g. bridge and highway restoration) through level four which includes projects with a potential 

impact to high quality streams.  Significantly, CSO impacts are included in level four.  PennDOT 

identifies BMPs for each impact level.  Level 3 and 4 impact projects include an array of GSI 

including but not limited to vegetated swales, infiltration trenches, bio-retention, constructed 

wetlands, and wet ponds. 

Other Pennsylvania State Agencies 

The Pennsylvania Department of Military and Veterans Affairs (DMVA) operate a Veteran’s Home 

(there are 6 state-wide) and an office in Pittsburgh.  The Pennsylvania National Guard falls under 

the jurisdiction of this state department.  

                                                                 
A-29  Presentation by Jeffrey S. MacKay, NTM Engineering, Inc. and PennDOT Bureau of Project Delivery at the 2012 Green Streets 

Forum sponsored by ASL, Chester County Planning Commission, Chester County Water Resources Authority and TMACC, held 

on February 3, 2012. 
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DMVA has an Environmental Management Division which addresses environmental impacts of 

military training, administers compliance with federal, state and local regulations and commits to 

“pollution materials, effective inventory management, ‘green’ purchasing and careful planning.”A-30 

The Commonwealth of Pennsylvania operates a State Correction Institute (SCI) on the Ohio River, 

near the ALCOSAN facility.  There is currently no plan or commitment to consider GSI on these 

grounds. 

Federal Agencies 

US Environmental Protection Agency 

In June of 2012, the USEPA published its Integrated Municipal Stormwater and Wastewater 

Planning Approach Framework (IPF).  The IPF encourages sequencing of investments in order to 

address the most beneficial water quality measures first in an effort to maximize environmental 

benefit.  The IPF also encourages adaptive management techniques to implement the most effective 

techniques for wet weather control and allow flexibility in capital planning.  The practical 

implications of the IPF on the complex water quality, institutional and financial relationships 

between CSO control, SSO elimination and stormwater management are evolving.  

US Department of Transportation 

The current federal transportation bill, Moving Ahead 

for Progress in the 21st Century (MAP-21), was enacted 

in July 2012.  MAP-21 established a new program to 

provide for a variety of alternative transportation 

projects, including many that were previously eligible 

under separately funded programs.  The Transportation 

Alternatives Program (TAP) replaces the funding from 

previous programs including Transportation 

Enhancements, Recreational Trails, Safe Routes to 

School, and several other discretionary programs, 

wrapping them into a single funding source. 

TAP provides federal funding for a variety projects 

defined as transportation alternatives, including projects 

that prevent, abate and mitigate any type of pollution, 

address stormwater management and control and 

prevent or abate water pollution related to highway construction or due to highway runoff.  The 

program is administrated by PennDOT.  ALCOSAN procured $800,000 in funding in the Urban 

Highway Runoff Mitigation program under the 2005 federal transportation bill (T-3).  This funding 

was made possible through the efforts of Congressman Mike Doyle and the Pittsburgh region’s 

Congressional Delegation.   

                                                                 
A-30              Adjutant General’s Environmental Policy, page 1. 

PENNDOT AND GSI: 

 Joint stormwater 
responsibilities with the 
municipalities;  

 Exclusive jurisdiction in Rights 
of Way, municipal stormwater 
ordinances do not apply; 

 PennDOT project impacts on 
combined sewer overflows 
are of high concern; and 

 Published a draft GSI design 
manual in 2005.  
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US Army Corps of Engineers 

Since 1998 ALCOSAN and the Pittsburgh District of the U.S. Army Corps of Engineers have 

partnered with the municipalities in the ALCOSAN service area to divert streams away from 

combined sewer systems, daylight and restore streams and urban riparian habitat and reinvest in 

municipal sewer systems that are critical to public health and economic redevelopment.  Projects 

have been funded through Section 219 (Civil Works) and Section 206 (Aquatic Habitat Restoration) 

of the Water Resources Development Act (WRDA).  Projects to date include: 

 Nine Mile Run Stream Restoration Project; 

 Sheraden Park Stream Daylighting and Stream Restoration Project; 

 Pine Hollow Stream Inflow Removal Project; 

 Homestead Run Trunk Sewer Restoration Project; and 

 Aspinwall Sewer Separation Project. 

 

Other U.S. Agencies 

Other federal agencies own and operate facilities within the ALCOSAN service area, including the 

Social Security Administration, the Department of Justice, the U.S. Postal Service (USPS), the 

Department of Labor and the Department of Energy.  The USPS has 49 buildings in the ALCOSAN 

service area, the largest presence of any Federal Agency.  Each agency developed a sustainability 

plan which included storm water control, but the primary focus was on energy reduction and 

controlling waste. 

Nationally, there are examples of cooperation between federal agencies and local governments for 

source reduction.  For instance, the USPS recently partnered with Jersey City, N.J. to install a 

demonstration rain garden at the Bergen Station post office. 

With three hospitals, two office buildings and one cemetery, the Veterans Administration (VA) also 

has a significant presence in the ALCOSAN service area.  While not as detailed as USPS, the VA 

Handbook identifies green building technology including GSI as a key element of their purpose and 

goals.A-31 

 

                                                                 
A-31 VA Handbook 0011, 2011, Strategic Capital Invest Planning Process, p. 3 
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Appendix B serves as a listing of green stormwater infrastructure projects that currently 

exist or are planned to be installed within ALCOSAN’s customer municipalities.  This list is 

current as of November 2014 and is based upon the regional GSI database maintained by 3 

Rivers Wet Weather (3RWW).  The database is updated periodically by 3RWW and a 

searchable map of the GSI Projects is located at the website: 

http://www.3riverswetweather.org/green/community-map. 

Note: Projects that are still in the planning or construction phase are listed in italics. 

GSI Technology Project Name Address Municipality 

Bioswale Baldwin High School 4653 
Clairton 

Boulevard 
15263 Baldwin 

Pervious Pavers Baldwin High School 4653 
Clairton 

Boulevard 
15263 Baldwin 

Bioinfiltration in 

Curb Bumpouts 
Bellevue Streetscape 602 Lincoln Avenue 15202 Bellevue 

Pervious Concrete 
Sota Construction 

Corporate Offices 
80 Union Avenue 15202 Bellevue 

Community 

Gardens 
Borough of Millvale 8 Butler Street 15209 

Borough of 

Millvale 

Rain Garden Residential 265 Noble Avenue 15205 Crafton 

Permeable 

Pavement, Street 

Trees, and 

Underground 

Storage 

Etna Streetscape – 

Phase 1 
3 Garden Alley 15223 Etna 

Permeable 

Pavement, Street 

Trees, and 

Underground 

Storage 

Etna Streetscape - 

Phase 2 

Butler Street, Love Alley, 

and Freeport Street 
15223 Etna 

Permeable 

Pavement, Rain 

Barrel, and Rain 

Garden 

Beechwood Farms 614 Dorseyville Road 15238 Fox Chapel 

Bioretention 

Spencer Woods 

Detention Pond 

Retrofit 

Spencer Grove Lane 15116 Glenshaw 

Rain Garden 
Greentree Fire Hall 

Rain Garden 
825 Poplar Street 15220 Green Tree 

http://www.3riverswetweather.org/green/community-map
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GSI Technology Project Name Address Municipality 

Grassed Pavers Greentree Hale Park Silver Oak Drive 15220 Green Tree 

Cistern Greentree Park Greentree Road 15220 Green Tree 

Green Roof Five and Ten Lofts 213 
East Eighth 

Avenue 
15120 Homestead 

Tree Pit 
Homestead’s Frick 

Park Tree Pit 

Tenth Avenue and Amity 

Street 
15120 Homestead 

Bioswale 
Hawthorne Road 

Bioswale, Millvale 
146 Hawthorne Road 15209 Millvale 

Rain Garden 
Millvale Library Rain 

Garden 
213 Grant Avenue 15209 Millvale 

Rain Garden Millvale Rain Garden Butler Street 15209 Millvale 

Bioswale 
Mt. Alvernia Parking 

Lot Area 
146 Hawthorne Road 15209 Millvale 

Green Roof 
Embassy of Asbury 

Heights 
230 Beverly Road 15216 

Mount 

Lebanon 

Permeable Pavers 

and Rain Gardens 

Mt. Lebanon High 

School 
155 Cochran Road 15228 Mt. Lebanon 

Rain Garden with 

135 Gallon Rain 

Barrel 

Mt. Lebanon Park 

Municipal Rain 

Garden 

Demonstration Project 

900 Cedar Boulevard 15228 Mt. Lebanon 

Green Roof 
Spring Hill Suites 

Hotel 
611 Washington Road 15228 Mt. Lebanon 

Rain Garden 
Kerr Elementary 

School 
341 Kittanning Pike 15215 

O'Hara 

Township 

Green Roof 
VAPHS Ambulatory 

Care Center 
1010 Delafield Road 15215 

O'Hara 

Township 

Rain Garden Residential 1526 Maple Avenue 15147 Penn Hills  

Green Roof 
16th and Bingham 

Condos 
76 South 16th Street 15203 Pittsburgh 

Rain Garden 3RWW Rain Garden 3901 
Penn Ave 

Building #3 
15224 Pittsburgh 

Bioswales 

ALCOSAN Customer 

Services and Training 

Building 

3101 Preble Avenue 15233 Pittsburgh 

Pervious 

Pavement Parking 

Lot 

ALCOSAN O&M 

Building 
3300 Preble Avenue 15233 Pittsburgh 
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GSI Technology Project Name Address Municipality 

Green Roof 

ALCOSAN Operations 

and Maintenance 

Facility 

3300 Preble Avenue 15233 Pittsburgh 

Rain Garden Aldi’s Rain Gardens 3089 Sussex Avenue 15226 Pittsburgh 

Rain Garden 
Allegheny County 

Courthouse Courtyard 
436 Grant Street 15219 Pittsburgh 

Green Roof 
Bakery Square Retail 

Complex 
6425 Penn Avenue 15206 Pittsburgh 

Rain Barrel and 

Rain Garden 

Biddle Building, Frick 

Park 
800 

South Braddock 

Avenue 
15221 Pittsburgh 

Cistern and Rain 

Garden 
Borland Green 

Black Street and North 

Beatty Street 
15206 Pittsburgh 

Bioswale and Rain 

Garden 
Burgh Bees 6900 

Susquehanna 

Street 
15208 Pittsburgh 

Green Roof and 

Rain Garden 

Cardinal Resources 

Office 
1505 

East Carson 

Street 
15203 Pittsburgh 

Bioswale 
Carnegie Library, Hill 

Branch 
2177 Centre Avenue 15219 Pittsburgh 

Green Roof 

Carnegie Mellon 

University, 

Hamerschlag Hall 

5000 Forbes Avenue 15213 Pittsburgh 

Green Roof 

Carnegie Mellon 

University, Mellon 

Institute  

4400 Fifth Avenue  15213 Pittsburgh 

Rainwater Catch 

Tank 

Carnegie-Mellon 

University 

Collaborative 

Innovation Center 

5000 Forbes Avenue 15213 Pittsburgh 

Green Roof and 

Rainwater 

Harvesting 

System 

Carnegie-Mellon 

University Doherty 

Hall 

5000 Forbes Avenue 15213 Pittsburgh 

Green Roof and 

Rainwater 

Harvesting 

System 

Carnegie-Mellon 

University Gates 

Center 

5000 Forbes Avenue 15213 Pittsburgh 

Green Roof 

Carnegie-Mellon 

University 

Hamerschlag Hall 

5000 Forbes Avenue 15213 Pittsburgh 

Green Roof 
Carnegie-Mellon 

University Porter Hall 
5000 Forbes Avenue 15213 Pittsburgh 
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GSI Technology Project Name Address Municipality 

Green Roof 

Carnegie-Mellon 

University Posner 

Center 

5000 Forbes Avenue 15213 Pittsburgh 

Underground 

Cistern 

Carnegie-Mellon 

University Purnell 

Center for the Arts 

5000 Forbes Avenue 15213 Pittsburgh 

Green Roof Century Building 130 7th Street 15222 Pittsburgh 

Rain Garden 
Chatham University – 

Shadyside Campus 
1 Woodland Drive 15232 Pittsburgh 

Green Roof 
Children's Hospital of 

Pittsburgh 
4401 Penn Avenue 15224 Pittsburgh 

Green Roof 
Children's Museum of 

Pittsburgh 
10 Children's Way 15212 Pittsburgh 

Green Roof and 

Rain Barrel 

Conservation 

Consultants, Inc.  
64 South 14th Street 15203 Pittsburgh 

Green Roof 
County Office 

Building 
414 Grant Street 15219 Pittsburgh 

Green Roof 
David Lawrence 

Convention Center 
1000 

Fort Duquesne 

Blvd 
15222 Pittsburgh 

Rain Garden 

East Liberty 

Presbyterian Church 

Rain Gardens 

116 
S Highland 

Avenue 
15206 Pittsburgh 

Rain Barrel and 

Rain Garden 

Edgewood Train 

Station 
101 

E Swissvale 

Avenue 
15218 Pittsburgh 

Cistern, 

Permeable 

Pavement and 

Rain Garden 

EECO Center 200 Larimer Road 15206 Pittsburgh 

Green Roof 
Energy Innovation 

Center 
1501 Bedford Avenue 15219 Pittsburgh 

Rain Garden 
Etna Community Pool 

Rain Garden 
437 Butler Street 15223 Pittsburgh 

Bioinfiltration 
Etna School St 

Parking Lot 

School Street and Walnut 

Street 
15223 Pittsburgh 

Green Roof and 

Green Wall 
Falk School 4060 Allequippa Street 15261 Pittsburgh 

Green Roof Residential 928 
South Aiken 

Avenue 
15232 Pittsburgh 

Bioswales and 

permeable 

pavement 

Four Mile Run 
Saline Street and Alexis 

Street 
15207 Pittsburgh 
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GSI Technology Project Name Address Municipality 

Bioretention and 

Wetlands 

Frick Environmental 

Center 
2005 

Beechwood 

Boulevard 
15217 Pittsburgh 

Green Roof Heinz 57 357 6th Avenue 15222 Pittsburgh 

Green Roof Highmark Building 120 5th Avenue 15222 Pittsburgh 

Green Roof 
Highmark Fifth 

Avenue Place 
120 Fifth Avenue  15222 Pittsburgh 

Green Roof 
inter*ARCHITECTUR

E 
4915 Penn Avenue 15224 Pittsburgh 

Rain Garden 

Kalida Drive and 

Centre Avenue Rain 

Garden 1 

Kalida Drive and Centre 

Avenue 
15206 Pittsburgh 

Rain Garden Rain Garden 
Larimer Avenue and 

Auburn Street 
15206 Pittsburgh 

Green Roof Market at Fifth 
Fifth Avenue & Market 

Street 
15222 Pittsburgh 

Green Roof 
Market House 

Condominiums 
5570 Centre Avenue 15232 Pittsburgh 

Rainwater 

Harvesting 

System 

McGowan Institute 450 Technology Drive 15219 Pittsburgh 

Permeable 

pavement and 3 

Rain Garden Sites 

McKinley Park 
Amesbury Street and 

Delmont Avenue 
15210 Pittsburgh 

Green Roof National Aviary 700 Arch Street 15212 Pittsburgh 

Porous Concrete 

and Rain Garden 
Oak Hill Housing 3078 Terrace Street 15213 Pittsburgh 

Infiltration Trench 

Panther Hollow 

Beacon Street 

Infiltration Trench 

Hobart Street and Beacon 

Street 
15217 Pittsburgh 

Retentive Grading 

Areas 

Panther Hollow Pilot 

Projects 

Hobart Street and Beacon 

Street 
15217 Pittsburgh 

Green Roof 
Pashek Associates 

Office 
619 East Ohio Street 15212 Pittsburgh 

Green Roof 

Demonstration 

Project 

Penn Ave at Whitfield 

St Bus Shelter Green 

Roof 

Penn Avenue at Whitfield 

Street 
15206 Pittsburgh 
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GSI Technology Project Name Address Municipality 

Bioswale, Cistern, 

Constructed 

Wetland, Grassed 

Pavers, Green 

Roofs, Lagoon, 

Non-Paved 

Parking, and 

Permeable 

Asphalt 

Phipps Conservatory 

& Phipps Center for 

Sustainable 

Landscapes 

1 Schenley Park 15213 Pittsburgh 

Pervious 

Pavement 

Pittsburgh Glass 

Center 
5472 Penn Avenue 15206 Pittsburgh 

Rainwater 

Harvesting 

System on White 

Roof 

Pittsburgh Project 

Guest House 
2801 

North Charles 

Street 
15214 Pittsburgh 

Green Roof 

Pittsburgh Zoo & PPG 

Aquarium Water's 

Edge/Polar Bear 

Building 

One Wild Place 15206 Pittsburgh 

Green Wall PNC Bank Green Wall 249 Fifth Avenue 15222 Pittsburgh 

Rain Garden Pulse House 5151 Penn Avenue 15224 Pittsburgh 

Rain Garden Residential 1100 Macon Avenue 15218 Pittsburgh 

Rain Garden Residential 6531 Aylesboro Avenue 15217 Pittsburgh 

Rain Garden Residential 5484 Hays Street 15206 Pittsburgh 

Rain Garden Residential 5546 Hays Street 15206 Pittsburgh 

Rain Garden Residential 5556 Hays Street 15206 Pittsburgh 

Rain Garden Residential 826 Chislett Street 15206 Pittsburgh 

Rain Garden Residential 5556 Black Street 15206 Pittsburgh 

Rain Garden Residential 1416 Hyde Street 15205 Pittsburgh 

Rain Garden Residential 111 Greenboro Lane 15220 Pittsburgh 

Rain Garden Residential 2428 Silveroak Drive 15220 Pittsburgh 

Rain Garden Rodef Shalom 4905 Fifth Avenue 15213 Pittsburgh 

Rain Garden Residential 2830 Strachan Avenue 15216 Pittsburgh 

Rainwater 

Detention Tanks 

Rivers Casino and 

Riverfront Park 
777 Casino Drive 15212 Pittsburgh 
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GSI Technology Project Name Address Municipality 

Rain Gardens 
Rosedale Runoff 

Reduction Project 

Frankstown Avenue and 

Wheeler Street 

15221

  
Pittsburgh 

Stormwater Tree 

Pits 

Rosedale Runoff 

Reduction Project 

 Oakwood Street and 

Batavia Street 

15221

  
Pittsburgh 

Cistern 
Sarah Heinz House 

Association 
1 Heinz Street 15212 Pittsburgh 

Bioswale, Rain 

Barrels, Rain 

Gardens, and 

Successional 

Meadows 

Schenley Park 101 
Panther Hollow 

Road 
15213 Pittsburgh 

Successional 

Meadows 

Schenley Park Golf 

Course and Pool 
101 

Panther Hollow 

Road 
15213 Pittsburgh 

Green Roof Shadyside Giant Eagle 5550 Centre Avenue 15232 Pittsburgh 

Green Roof 
Soldiers and Sailors 

Hall Green Roof 
4141 Fifth Avenue 15213 Pittsburgh 

Rain Garden 
Squirrel Hill Post 

Office 
1800 Murray Avenue 15232 Pittsburgh 

Rain Garden 
Temple Sinai Rain 

Garden 
5505 Forbes Avenue 15217 Pittsburgh 

Green Roof Three PNC Plaza 225 Fifth Avenue 15222 Pittsburgh 

Green Roof 

University of 

Pittsburgh, Benedum 

Hall 

3700 O'Hara Street 15213 Pittsburgh 

Green Roof 

University of 

Pittsburgh, Falk 

Laboratory School 

4060 Aliquippa Street 15261 Pittsburgh 

Green Wall 

(Trellis Style) 

WPC/ALCO Parking 

Lot Green Wall 

7th Street and Ft. 

Duquesne Boulevard 
15222 Pittsburgh 

Green Roof 
YMCA Downtown at 

Market Square 
240 Fifth Avenue 15222 Pittsburgh 

Tree Planting Harvard Street 6226 Harvard Street 15206 Pittsburgh 

Tree Planting Harvard Street 5910 Harvard Street 15206 Pittsburgh 

Tree Planting Kirkwood Street 6117 Kirkwood Street 15206 Pitttsburgh 

Tree Planting Penn Circle North 5900 
Penn Circle 

North 
15206 Pittsburgh 
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GSI Technology Project Name Address Municipality 

Tree Planting Tamello & Beatty 135 Tamello Way 15206 Pittsburgh 

Pervious 

Pavement 

Ross Township 

Municipal Building 
1000 

Ross Municipal 

Drive 
15237 Ross 

Rain Garden Shaler Rain Garden 300 Wetzel Road 15116 
Shaler 

Township 

Rain Garden Residential 7204 Whipple Street 15218 Swissvale 

Rain Garden Word of God School 7436 McClure Avenue 15218 Swissvale 

Rain Garden 
Municipal Building 

Rain Garden 
1820 McLaughlin Road 15241 

Upper St. 

Clair 

Permeable 

Pavement 

The Outdoor 

Classroom 
1531 Mayview Road 15241 

Upper St. 

Clair 

Bioswale 

Township of Upper St. 

Clair Recreation 

Center 

1551 Mayview Road 15241 
Upper St. 

Clair 

Green Roof Wingfield Pines 1550 Mayview Road 15241 
Upper St. 

Clair 

Green Roof 
Steel City Rowing 

Club 
101 Arch Street 15147 Verona 

Porous Brick 

Pavers, Rain 

gardens, Retention 

Pond, and 

Vegetated Swale 

West View Green 

Infrastructure 

Demonstration Project 

Center Avenue between 

Hawthorne Avenue and 

Norwich Avenue 

15229 West View 

Green Roof 
Whitehall Municipal 

Building 
100 

Borough Park 

Drive 
15236 Whitehall 

Planter Box and 

Permeable 

Pavement 

Biddle’s Escape 401 Biddle Avenue 15221 Wilkinsburg 

Rain Garden 
Pittsburgh Urban 

Christian School 
809 Center Street 15221 Wilkinsburg 

Rain Garden Residential 316 Biddle Avenue 15221 Wilkinsburg 

Rain Barrel and 

Rain Garden 

Former Nine Mile Run 

Office 
702 

South Trenton 

Avenue 
15221 Wilkinsburg 

Rain Garden Whitney Park Verdi Way 15221 Wilkinsburg 
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Objectives of GSI Cost Literature Review  
The ALCOSAN Wet Weather Program Management (PM) team performed a literature review of 

recently published green stormwater infrastructure (GSI) construction costs for projects around the 

United States.  The objectives of this review are: 

 Identify published green stormwater infrastructure construction costs from other cities  

implementing GSI as part of their wet weather program;  and 

 Compare published unit costs for specific green infrastructure technologies with the planning 

level costs used in the ALCOSAN Alternatives Costing Tool (ACT), to see if any updates are 

warranted. 

C.1 Literature Review Procedure 
The intent of this literature review is to gather construction cost data from installed GSI projects 

which experience similar wet weather planning considerations as ALCOSAN and its customer 

municipalities.  This review only considered larger, metropolitan cities and authorities which are 

coordinating multiple GSI installations as part of a combined sewer overflow (CSO) long term 

control program.  In most cases the cities included in the review are implementing GSI within the 

context of a Federal Consent Decree.  

The literature review focuses on sources which have been published since 2008, which represents 

the approximate time frame since the basis for the ALCOSAN Alternative Costing Tool (ACT) GSI 

unit costs was initially developed. Primarily, information was sought that was published by a 

city/authority, but the review also examined state and federal publications and information 

presented through wet weather industry conferences and journals. Academic journals were not 

included as a part of this report. The industry sources included in the review include: 

 US Environmental Protection Agency 

 Water Environment Federation (WEF) 

 American Society of Civil Engineers Environmental and Water Resources Institute 

 Wet Weather Partnership Conference Proceedings 

Information was gathered from industry resources and also general internet research.  This review 

was limited to collecting readily available information from public domain documents and no 

outside agencies were contacted for information included in this review. Given how installed cost 

information is not widely published or sometimes published without sufficient detail to understand 

the entire scope of costs, outside agencies can be contacted for additional information as a follow-up 

to this memo if desired. 

A summary of some of the largest cities across the United States with programmatic commitments 

to GSI projects is included in Table C-1. Within this summary are the projects identified in this 

study to have published data for GSI costs. Actual construction costs were reported in some cities, 

however many cities are reporting anticipated planning level GSI cost estimates.   

Published GSI construction cost data were found for the following municipalities/authorities: 



 

C - 2 
 

 Onondaga County, New York, Department of Water Environment Protection 

 Metropolitan Sewer District of Greater Cincinnati (MSDGC), Cincinnati, OH 

Planning level GSI cost estimating data were found for Green Infrastructure Plans (GIP) in the 

following municipalities/authorities: 

 

 Northeast Ohio Regional Sewer District (NEORSD), Cleveland, OH 

 District of Columbia Water and Sewer Authority (DC Water),  Washington DC 

 Milwaukee Metropolitan Sewerage District (MMSD), Milwaukee, WI 

 New York City Department of Environmental Protection 

In addition, a 2013 3RWW study of conceptual GSI designs in three different neighborhoods within 

the City of Pittsburgh was reviewed and costs were compared to ACT GSI unit costs. 

Note that GSI construction costs from the Philadelphia Water Department (PWD) were not included 

in this analysis as they served as the original basis of the ACT, and PWD has not yet published 

information regarding actual GSI construction costs for the more than 200 projects completed since 

2008. PWD and ALCOSAN jointly developed the ACT and the resulting unit costs for GSI served as 

the basis of costs for PWD’s 2009 Long Term Control Plan Update, currently the only cost data 

published by PWD.  

The balance of the report summarizes background information on GSI costs in the ACT, the details 

of the cost data which has been published by the cites included in this review as well as some details 

of the ongoing or planned GSI program elements for these cities. 
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Table C-1 – Summary of Green Stormwater Infrastructure Commitments in Combined Sewer Cities  

Region Planned GSI Commitment Published Source of GSI Costs (Since 2008) 

Unit Costs 

Reported in 

Published 

Source 

Cincinnati, OH 

Have invested in GSI 

demonstrations throughout 

City, total has not been 

published. 

 

Funds committed to 

incorporating GSI into $192 

Million Lick Run Stream 

Daylighting have not been 

published.  

Ellwood, Nancy. “A Detailed Look at Costs 

Associated with Green Stormwater Controls.” 

Conference Proceedings from Water Environment 

Federation Stormwater Symposium, 2012. 

Construction 

Costs 

Cleveland, OH 

Required by CD to control 42 

MG through $44 Million GSI 

investment, 2012 Plan 

outlines $102 Million in 

potential GSI projects. 

Northeast Ohio Regional Sewer District. Green 

Infrastructure Plan, 2012. 

Planning 

Level Unit 

Costs 

Kansas City, MO 

$28 Million to GSI pilot 

projects and $40 to 

distributed green storage 

City of Kansas City (MO), Overflow Control Plan 

Overview 2009. 
None 

Lancaster, PA 

Projecting up to $77 Million 

for 25-year GSI 

implementations 

City of Lancaster (PA), Green Infrastructure Plan. 

2011. 
None 

Louisville, KY 
$47 Million in GSI 

demonstration projects 

Louisville Metropolitan Sewer District, Integrated 

Overflow Abatement Plan Final CSO Long-Term 

Control Plan (2009) 

None 

Milwaukee, WI 

Planning to spend $1.3 

Billion through 2035, not 

under CD. 

Milwaukee Metropolitan Sewerage District. 

Regional Green Infrastructure Plan, 2013. 

Planning 

Level Unit 

Costs 

New York City, 

NY 

$192 Million in public funded 

GSI through 2015 prepared 

to spend $1.5 Billion through 

2030. 

New York City Department of Environmental 

Protection, Green Infrastructure Plan. 2010. 

Planning 

Level Unit 

Costs 
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Table C-1 – Summary of Green Stormwater Infrastructure Commitments in Combined Sewer Cities  

Region Planned GSI Commitment Published Source of GSI Costs (Since 2008) 

Unit Costs 

Reported in 

Published 

Source 

Philadelphia, PA 

$1.67 – 2.09 Billion 

Capital + O&M Public 

Funded GSI Installed  

(25-year cost) 

Philadelphia Water Department, Amended Green 

City Clean Waters Program Summary. 2011. 

Planning 

Level Unit 

Costs 

Portland, OR 
$145 Million in constructed 

GSI and Source Controls 

Ryan, William “Portland’s Completed CSO 

Program” Conference Proceedings from Wet 

Weather Partnership, 2013. 

None 

St. Louis, MO 

$100 Million in GSI within 

Mississippi River Drainage 

areas. 

Metropolitan St. Louis Sewer District, CSO LTCP 

Update, 2009. 
None 

San Francisco, 

CA 

$57 Million on demonstration 

projects through 2016. 

Mackenbach, Kari. “San Francisco Central Bayside 

Improvement Project Reducing CSO Overflows and 

Improving Reliability” Proceedings from Pittsburgh 

Water and Sewer Authority Green Infrastructure 

Charrette #1, 2013. 

None 

Syracuse, NY 

$87 Million committed to GSI 

projects between 2010 – 

2018. 

Onondaga County, New York Department of Water 

Environment Protection. Save the Rain Program 

2010-2018 Green Infrastructure Plan, 2012. 

http://savetherain.us/green-projects-3  

Construction 

Costs 

Washington DC 

Large Scale GSI in Potomac 

River and Rock Creek Basins 

by 2023 

Amendment 1 to CD, May 2015 None 

 

 

 

http://savetherain.us/green-projects-3
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C.2 ALCOSAN ACT Background Information 
ALCOSAN, in a joint effort with the Philadelphia Water Department (PWD), developed an 

alternatives costing tool (ACT) for use in planning level screening and comparison of CSO control 

technologies. The ACT provides planning-level cost estimates to facilitate the evaluation and 

comparison of wet weather control strategies. GSI technologies are included in the ACT as “Land 

Based Stormwater Management” technologies, but will be referred to herein by the more common 

term GSI.  GSI costs are estimated based on the tributary impervious area managed by a given GSI 

technology. The computed costs include construction costs, capital costs, operation and maintenance 

(O&M) costs, and total present worth. The cost estimates generated by the ACT are considered 

American Association of Cost Engineering (AACE) Class IV planning level cost estimates. For a 

Class IV estimate, the range of probable cost is +50%/-30% of the cost generated from the ACT1.  

The ACT includes construction and O&M unit costs for five GSI technologies: 

 bioretention; 

 green roofs; 

 porous pavement; 

 street trees; and 

 subsurface infiltration. 

 

With the exception of street trees, the ACT reflects the costs to capture the first 1-inch of runoff via 

a combination of infiltration, evapotranspiration, and storage with slow release over 24 hours.  The 

street tree costs included within the ACT reflect simple tree pit installations in an urban setting 

with no provisions to capture stormwater runoff.  Street trees are included in the ACT to address 

the common scenario of incorporating trees along with other GSI technologies when a street is 

retrofitted for GSI. All ACT costs are intended to reflect the complete cost of a GSI installation, 

including costs associated with modifying upstream storm inlets and other upstream improvements 

needed to convey flow to the GSI, and costs associated with constructing a slow release outlet pipe 

from the installation to the nearest sewer. 

In the literature, GSI costs are reported with a variety of different unit costs depending in part on 

the particular technology installed.  There are several reasons why the ACT is based on a unit 

volume (one acre-inch of runoff controlled) rather than a unit area (e.g. one square foot of pervious 

pavement) or a unit length (one linear foot of bioswale) for estimating planning level GSI costs as 

listed below.   

 The unit volume relates more directly to the GSI performance objective of capturing the first 

inch of runoff from impervious area.  

 Some GSI installations include significant costs that have no relationship to the area of GSI 

installed.  Some examples are: 

 

                                                           
1 As defined in the source document for the cost estimate classification system titled “AACE International Recommended Practice No. 

18R-97.” 
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- costs associated with modifying upstream storm inlets and other improvements needed to 

convey flow to the GSI;  

- costs associated with constructing a slow release outlet pipe from the installation to the 

nearest sewer; and 

- the depth of the installation: two GSI installations can have the same installed area, but 

one can control double the runoff with a deeper and more costly installation.  

 It allows the use of a common unit that can be used for all GSI technologies and all locations. 

 It more closely correlates to how GSI is represented in hydrologic models when evaluating 

widespread application of GSI in an area before specific project locations and tributary areas 

have been established. 

 

Once a project is sited and a conceptual design is developed, it is recommended that site specific cost 

estimates be performed using actual material and labor estimates for the actual quantities of work 

involved. 

C.3  ACT Unit Costs for Green Stormwater  Infrastructure 

 and Loading Ratio Assumption 
The GSI loading ratio is defined herein as the ratio of the impervious area managed by a GSI 

installation to the area of the GSI installation.  Based on available national data, most GSI 

installations for CSO control have loading ratios between 5:1 and 10:1, meaning each acre of 

installed GSI manages runoff from 5 to 10 acres of impervious area. A simple illustration of the 

loading ratio concept is shown in Figure C-1.  Green roofs are an exception; the loading ratio for a 

green roof is always assumed to be 1:1.  

Since many GSI installation costs in other cities are presented in terms of unit area rather than 

unit volumes, the loading ratio can be used to present the ACT costs in terms of unit area and unit 

volume, so as to facilitate comparison to costs in other cities.  A rough approximation of the costs per 

square foot of a given GSI technology can be made by assuming a typical loading ratio. A summary 

of the ACT GSI unit costs is presented in Table C-2 for two different sets of units: $ per impervious 

acre managed (or acre-inch of volume managed); and the extrapolated cost per square foot of GSI 

installed, assuming loading ratios of 5:1 and 10:1.  

Table C-2 displays the unit costs for construction and capital costs for each of the GSI technologies 

within the ACT. GSI technologies are also are categorized by retrofit or redevelopment installation. 

For the purposes of using the ACT, these categories are defined as: 

 Redevelopment - The marginal construction cost (beyond the cost of traditional measures) to 

implement each GSI approach assuming that redevelopment is already taking place. 

 Retrofit - The full construction cost required to implement each GSI approach by retrofitting 

traditional development on an existing site. 

 Construction Costs – Construction costs are the raw costs of construction (i.e., the contractors’ 

bid costs). Construction costs include: general conditions, overhead and profit, mobilization, 

demobilization, bonds and insurance, sub-contractor markups and a construction contingency.   
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 Capital Costs – Capital costs are the sum of the estimated construction costs plus all other costs 

associated with implementing the project including permitting, design and construction 

engineering, administrative, legal costs, geotechnical, surveying, public participation, and an 

overall project contingency.   

 
 

 
 

Figure C-1 – Green Stormwater Infrastructure Loading Ratio Conceptual Example  

(Not to Scale) 

 

 

An example conversion from $/impervious acres managed to $/square foot of GSI using an assumed 

loading ratio is below: 

 

                      $                         X   Loading Ratio   =                   $    a        

Impervious Acres Managed            43,560 ft2            Square foot of GSI 

 

Example using ACT Bioretention Retrofit Base Year Probable Cost and 5:1 loading ratio: 
 

$199,000 construction cost  X  5 impervious acres managed  X     1 acre    =        $23    a    

 impervious acre managed              1 acre installed GSI                43,560 ft2      ft2 of GSI
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Table C-2 – Unit Costs of Green Stormwater Infrastructure in the ACT 

Best 

Management 

Practice 

Type1 

$ / Impervious Acre 

Controlled  

$/ Square Foot of GSI $/ Square Foot of GSI 

Assuming 5:1  

Loading Ratio 

Assuming 10:1 

Loading Ratio 

Construction 

Cost1 

Capital 

Cost2 

Construction 

Cost1 

Capital 

Cost2 

Construction 

Cost1 

Capital 

Cost2 

Bioretention, 

Subsurface 

Infiltration, 

Porous 

Pavement 

Retrofit $199,000  $287,000   $     23   $    33   $     46   $    66  

Redevelopment $164,000  $226,000   $     19   $    26   $     38   $    52  

Green Roof 

Retrofit $570,000  $821,000  

 N/A   N/A  

Redevelopment $299,000  $413,000  

All costs in 2010 Dollars: ENRCCI 8641; RS MEANS 99.6.   

1 Connections to collection system are assumed as 4 per impervious acre managed.  Green roofs are assumed to have no connections to collection 

system. Construction costs include a 25% construction contingency. 

2 Capital costs include a 20% markup on construction costs for engineering and implementation. In addition retrofit projects are assumed to have 

a 20% project contingency and redevelopment projects are assumed to have a 15% project contingency 
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C.4 Summaries of Individual Cities 

Onondaga County, New York 
In accordance with an Amended Consent Judgment (ACJ) of 2009, Onondaga County must achieve 

approximately 247 million gallons (MG) of CSO reduction through GSI by 2018.  As of the end of 

2011 they have achieved 73 MG in CSO reduction through completed projects, or projects under 

construction.  They have an additional 66 MG identified in candidate projects, leaving 108 MG of 

CSO reduction required by 2018.  The Green Infrastructure Program is estimated to have a 

cumulative construction cost of $63M and total cost (adding engineering) of $87M by 2018. This 

equates to an average cost of $0.35 per gallon of CSO eliminated. 

The Onondaga County GIP summarizes all public and private projects which will contribute to the 

CSO reduction goal to be built between 2010 and 2018.  Approximately 54% of the CSO reduction 

goal will be achieved by public projects and 46% by private projects.  These projects are categorized 

into 11 distinct program types based on the manner which the project will be applied. These 

programs vary from specific GSI applications integrated into streets or parking lots to institutional 

programs which will contribute to the CSO reduction goal such as ordinances or incentive programs. 

A summary of the construction costs for public GSI construction programs is shown in Table C-3.   

Table C-3 – Summary of Onondaga County Unit Construction Cost per Gallon of CSO Reduction for 

GSI Projects in 2010-2018 Green Infrastructure Plan 

Public Program Type 
Cost per CSO Reduction, $/gal/yr 

Average Minimum Maximum 

Streets 0.39 0 1.43 

Parks & Open Space 0.54 0.10 1.18 

Parking 0.40 0.20 0.62 

Public Facilities 0.48 0 4.32 

Green Roofs 1.49 0 2.65 

 

It is important to note two items regarding Table C-3. First, the projects which are reported include 

everything which has been built or is planned to be built at the time of the reporting for a 

construction period between 2010 and 2018. Thus, these costs represent constructed projects, 

projects in ongoing construction and design and conceptual phase projects. In addition, Onondaga 

County is only reporting costs which are allocated to their $87 Million GSI commitment. The GIP 

reports some projects with $0/gal CSO reduction unit costs, which represents CSO volume 

reductions through GSI technologies which are funded outside of the $87 Million GSI commitment. 

Thus, the unit costs reported account for both private and public sector sources, however they only 

appear to account for public sector costs. 

Due to the two items noted above, the values reported in Table C-3 do not allow a direct correlation 

to ACT planning level cost estimation. In addition, the Onondaga report does not relate the unit 

costs to impervious area controlled or offer the basis of design for GSI installation.  However, the 

plan also provided summaries of specific projects with additional data including area of GSI control 

feature, impervious area tributary to GSI control and construction cost.  A sampling of 13 
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constructed projects was selected for data evaluation based on their similarities to the anticipated 

green technologies to be used in Pittsburgh. These projects were in the public right-of-way and  

designed to manage runoff from streets, sidewalks and other public spaces.  Table C-4 provides a 

summary of these projects. 

Onondaga continues to update the public on installed GSI projects through its website, 

http://savetherain.us/green-projects-3/. Onondaga includes project summaries of GSI projects and 

report costs and drainage areas, but there are not as many details of these projects as has been 

reported in the GIP.  A summary of GSI ROW projects installed since the publication of the GIP is 

included in Table C-5.  Onondaga did not include certain project details of the projects in Table C-5 

such as impervious area managed and the GSI area footprint.  For this reason, the projects listed in 

Table C-5 have been exempt from further analysis at this time.  
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Table C-4 – Summary of Selected Public Right-of-Way Projects Reported in Onondaga County Green Infrastructure Plan (January 2012) 

Project Technology 
Year 

Completed 

Construction 

Cost 

Construction 

Cost Adjusted 

for ACT Index 

Values1 

Impervious 

Area 

Managed  

(sq ft) 

Installed 

GSI Area 

(sq ft) 

Adjusted 

Cost per 

Impervious 

Area 

($/Acre) 

Adjusted 

Cost per 

GSI Area 

($/SF) 

Loading 

Ratio  

(Impervious 

Area: 

GSI Area) 

1. Parking Lot 21 
Bioretention & 

Infiltration-Trench 
2010 $188,046 $190,602 26,252 5,000 $   316,000 $38 5:1 

2. Parking Lot Infiltration-Trench 2010 $342,000 $346,648 53,940 3,800 $   280,000 $90 14:1 

3. CreekWalk Pervious Pavement 2010 $47,000 $47,639 6,780 6,780 $   306,000 $7 1:1 

4. City Lot Pearl Pervious Pavement 2010 $397,000 $402,396 73,172 25,300 $   240,000 $16 3:1 

5. Municipal 

Parking Garage* 
Bioretention 2011 $246,985 $242,862 72,000 2,000 $   147,000 $123 36:1 

6. Sidewalk Planter* 
Bioretention & 

Infiltration-Trench 
2011 $119,166 $117,177 9,650 1,800 $   529,000 $66 5:1 

7. Towsend Median 

Enhanced Street 

Trees & Pavement 

Demo 
2011 $86,000 $84,564 18,000 13,785 $   205,000 $6 1:1 

8. OnCenter Lot 
Pervious Pavement 

& Tree Trench 
2011 $678,818 $667,486 134,000 28,000 $   217,000 $24 5:1 

9. Skiddy Park 

Pervious 

Pavement-

Basketball Court 
2011 $164,674 $161,925 19,000 11,000 $   371,000 $15 2:1 

10. Concord Place  
Subsurface 

Infiltration-Trench 
2011 $78,900 $77,583 38,521 3,387 $     88,000 $23 11:1 

11. SunnyCrest Golf 

Bioretention, 

Pavement Demo & 

Storage Bed 
2011 $367,065 $360,937 38,000 15,000 $   414,000 $24 3:1 

12. Park Greening 

Avery Ave 
Rain Garden 2011 $316,420 $311,138 30,402 5,228 $   446,000 $61 6:1 

13. Wilbur Ave Zoo 
Pervious Pavement 

& Rain Garden 
2011 $303,148 $298,087 39,000 12,000 $   333,000 $25 3:1 

          * Bid Cost TOTAL $3,335,000 $3,309,000  559,000  133,000   -   -  - 

 Averages $257,000 $255,000 42,978 10,237  $  258,000   $25  4:1 
1 Index Values of ENRCCI 8799 for 2010 and 9070 for 2011, Syracuse RS Means 96.5. Adjusted to ACT Default Index values for costs reported in WWP 

in 2010 dollars: ENRCCI 8641, RS Means 99.6 
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Table C-5 – Sampling of Onondaga GSI Projects Constructed in Public ROW since January 2012 release of 

Onondaga Green Infrastructure Plan  

Project 
Year 

Completed 
Technology 

Construction 

Cost 

Total 

Tributary 

Area  

(sf) 

Connective Corridor Phase 1 - 

Project 1 
2011 Green Street $948,717 326,000 

Connective Corridor Phase 1 - 

Project 2 
2011 Green Street $50,000 6,800 

Connective Corridor Phase 1 - 

Project 3 
2011 Green Street $621,870 142,000 

Delaware Rain Garden 2011 Bioretention $910,914 12,877 

Downtown Streetscapes 2011 
Enhanced Street 

Trees 
$218,813 17,000 

Geddes Street  2011 Bioretention $278,196 29,700 

Harrison Street  2011 Green Street $109,920 10,000 

OnCenter Parking Garage 2011 Bioretention $246,985 72,500 

Otisco Street Corridor 2011 
Curb Extension & 

Rain Garden 
$1,616,635 79,981 

Vacant Lot Oswego St 2011 
Infiltration Trench, 

Urban Garden 
$99,714 15,000 

Water Street Gateway 2011 
Infiltration Trench, 

Porous Pavers 
$986,937 53,000 

City Lot #4 2012 

Porous Pavement, 

Tree Trench, 

Bioretention 

$381,000 71,000 

Downtown Streetscapes 100 S 

State 
2012 

Enhanced Street 

Trees 
$133,884 15,200 

Downtown Streetscapes 200 

Montgomery (East) 
2012 

Enhanced Street 

Trees 
$92,317 10,000 

S State St Reconstruction 2012 
Underground 

Infiltration Trench 
$291,044 133,000 

Vacant Lot 109 Hartson 2012 Bioretention $36,831 2,000 

Vacant Lot 1344 W Onondaga 2012 Bioretention $68,577 8,000 

Vacant Lot 224 Putnam 2012 Bioretention $43,787 6,000 

West Fayette St 2013 Sewer Separation $446,269 509,100 

Westcott Street Green Corridor 2013 Green Street $852,000 67,000 

West Onondaga Green Corridor 2013 Green Street $1,265,474 317,200 

South Clinton Street Road 

Reconstruction 
2013 

Underground 

Infiltration Trench 
$221,000 50,700 

Richmond Ave Road 

Reconstruction 
2013 

Underground 

Infiltration Trench 
$254,000 82,400 

  

TOTALS $10,174,884 2,036,458 
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Cincinnati, Ohio 
Cost data for GSI demonstration projects designed and installed under the Metropolitan Sewer 

District of Greater Cincinnati (MSDGC) wet weather program to address CSOs was reported at the 

2012 WEF Stormwater Symposium.  At the time of the report, “between 2008 and 2012, a total of 

approximately 260,000 square feet of bioinfiltration practices; 165,000 square feet of vegetative 

(green) roofs; 169,000 square feet of porous/pervious paving; 55,000 gallons of rainwater storage for 

reuse; 2,040 linear feet of storm sewer separation; and five large capacity stormwater dry wells were 

installed at 18 projects in the Greater Cincinnati area.” 

This report focused on the common design features and appropriate costs that are directly related to 

site preparation and restoration, construction, and functionality of the installed GSI controls.  The 

unit costs include materials, equipment, labor, and overhead and profit.  They do not include 

planning or design costs.  Site specific costs that do not affect the functionality of the GSI control 

were not included.  This included costs for items such as street painting, unique demolition items, 

signage, fencing materials and permitting the GSI locally, items which varied by location, project 

type and project size. The volume capture and other design criteria for the projects was not 

reported. Unit costs were developed using detailed cost estimates and actual construction costs, and 

presented in ranges as shown in Table C-6.   

Table C-6 –Summary of Cincinnati Green Stormwater Infrastructure Unit Construction Costs 

Reported 

Green Infrastructure Control Type and 

Units of Measure 

Low End Unit 

Cost ($/unit) 

High End Unit 

Cost ($/unit) 

Average Unit 

Cost ($/unit) 

Bioinfiltration Basin, SF 8 20 13 

Retrofit Bioinfiltration Basin, SF 19 19 19 

Bioswale, SF 7 17 13 

Urban Planter – one project, SF 17 17 17 

Green Roof – Extensive/Modular, SF 11 14 13 

Green Roof – Extensive/Layered, SF 22 28 25 

Green Roof – Intensive – one project, SF 35 35 35 

Green Roof – Sloped – one project, SF 19 19 19 

Permeable Pavers, SF 7 20 13 

Porous Concrete, SF 2 15 8 

Porous Asphalt – one project, SF 8 8 8 

Aboveground Cistern – one project, gallons 2 2 2 

Belowground Cistern – two projects, gallons 8 8 8 

 

This paper indicated the wide range of bioinfiltration costs were tied to two factors – project size and 

labor costs.  Small projects had higher unit cost due to labor costs and low end unit cost were a 

result of basins being combined with other green controls or site construction work.  Green roof costs 

vary significantly based on type and design of roof.  Sloped roofs are more expensive than flat roofs.  

Layered extensive roof are double the cost of modular systems due to higher labor costs.   

This paper also compared grey costs to green costs.  The cost for grey controls was reported to lie 

between $0.10 and $0.30 in cost per gallon of runoff captured on an annual basis which was 
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assumed typical for traditional stormwater management practices.  The sources of these gray unit 

costs were not identified in the paper, but did not appear to reflect the grey costs to achieve a 

specific level of CSO control in the project area.  It was noted that all but four of the 18 green 

projects fell below, or within the gray control costs.  

Northeast Ohio Regional Sewer District (NEORSD), Cleveland, Ohio 
A Consent Decree (CD) was filed in July 2011 between the USEPA, the State of Ohio and the 

NEORSD that requires NEORSD to develop a plan to control an additional 44-MG of wet weather 

CSO volume through green infrastructure and spend at least $42M to build GSI projects within 8 

years of CD entry (7/7/11). 

The 2012 Green Infrastructure Plan lays out a program to perform 20 projects that will reduce CSO 

volume by 95.1 MG in the typical year at a total project cost of $101,681,000 (includes 55%  markup 

for construction contingency, engineering and administrative services), or $1.07 per CSO gallon 

reduced. NEORSD did not specify the basis of design criteria for sizing GSI projects. 

The unit capital costs were developed from detailed cost estimating performed for GSI controls 

based on assumed typical design for each GSI control method.  Appendix F in the NEORSD Green 

Infrastructure Plan provides a detailed description of the cost estimating criteria for each GSI 

control.  A condensed summary of unit cost development for each GSI control is included in Table  

C-7. NEORSD groups GSI into control measure groups, which are summarized below. 

Legend (for Table C-7) 

SST – Stormwater Storage and Treatment 

SIT – Stormwater Infiltration and Treatment 

SSR – Stormwater Source Reduction 

SCC – Stormwater Capture and Conveyance 

 

Note: Stormwater infiltration and treatment (SIT) unit cost development does not include any cost 

for conveyance to or from the GSI control. 
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Table C-7 – Summary of NEORSD Green Stormwater Infrastructure Planning Costs 

GSI Type Description 

Capital Cost 

(Including 55% markup) 

$ 
$/SF or $/LF 

where noted 

SST-Dry 

Basin 

Short term detention with controlled release 

 15-20 acre drainage area 

 One acre footprint 

 3FT deep 

$168,000 $3.90/SF 

SST-Wet Pond 

Permanent pool of deep water and shallow ledges for 

aquatic plants (detention and treatment) 

 15-20 acre drainage area 

 One acre footprint 

 3FT deep 

$281,000 $6.45/SF 

SST-

Constructed 

Wetland 

 15-20 acre drainage area 

 Plants and soils suitable for wet and dry conditions 

 One acre footprint 

 3-3FT deep permanent water pools 

 Average 1.5FT deep pooling 

$280,000 $6.40/SF 

SST-Irrigation 

Pond 

Similar to wet pond with irrigation pumping 

capability 

 One acre footprint 

 3-3FT deep wet weather storage 

 1-3.5FT deep permanent pool 

 Irrigation equipment (pump only) 

$380,000 $8.70/SF 

SIT -

Infiltration 

Basin 

Shallow impoundment for sandy soil infiltration 

 5-50 acre drainage area 

 One acre footprint 

 One foot gravel media 

 Three foot deep water storage 

 One foot of stone filter  

$297,000 $6.80/SF 

SIT-

Infiltration 

Trench 

Long, narrow, collects sheet flow for infiltration 

 0.1 – 0.25 acre drainage area 

 100FT long x 10FT wide 

 Gravel media 4FT deep 

 1000 SF footprint 

$22,000 $22.00/SF 

SIT-

Bioretention 

Swale or Cell 

Intercept runoff to slow and filter storm water 

through engineered soil and plants 

 0.1-0.25 acre drainage area 

 24-48 hours retention 

 6”-9” ponding depth 

 100FT long x 10FT wide 

 Min. 4FT deep bioswale soil media 

 1000SF footprint 

$25,000 $25.00/SF 

SIT-Green 

Streets 

Street ROW – bumpouts, bioswales, pervious pavements, pervious parking stalls/bike 

lanes 
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Table C-7 – Summary of NEORSD Green Stormwater Infrastructure Planning Costs 

GSI Type Description 

Capital Cost 

(Including 55% markup) 

$ 
$/SF or $/LF 

where noted 

Green Streets 

low level 

Bump-ins/bump outs within street ROW 

 30%-50% capture rate 

 24FT wide Street – 300FT long 

 2-20FT long x 6FT wide bioretention 

 $/LF of street reported 

$14,000 
$47/LF 

$15/SF 

Green Streets 

Medium Level 

Continuous narrow bioswale on both sides of street 

within tree lawn and two bump-ins or bumpouts 

 50%-75% capture rate 

 24FT wide street – 300FT long 

 2-20Ft long x 6FT wide bioretention cells 

 2-300FT long x 3FT wide bioswales 

 $/LF of street reported 

$68,000 
$227/LF 

$25/SF 

Green Streets 

High Level 

Same as medium level with the addition of 300LF of 

24” storm sewer pipe 

 50%-90% capture rate 

 $/LF of street reported 

$138,000 
$460/LF 

$50/SF 

SSR-Pervious/ 

Porous 

Pavement 

Stormwater filters through a drivable or walkable 

surface for infiltration or slow release to sewer 

system 

 0.5 acre pavement 

 18” gravel drainage layer 

 4” underdrain pipe 

 22,000 SF 

$303,800 $14.00/SF 

Low level 

vacant lot 

repurposing 

Selective demolition of vacant residential area and 

conversion to grassed area 

 One house per acre removed 

 200FT long x 24FT wide paving removed 

 Regrading to create depression 

 Seeding 

 One acre area 

$30,000 
$0.70/SF 

($30,000/acre) 

High level 

vacant lot 

repurposing 

Similar to low level 

 Two house demolitions 

 250FT long x 24FT paving removed 

 Regrading to create depression area 

 Seeding and tree liner plantings 

 One acre area 

$37,000 
$0.85/SF 

($37,000/acre) 

SSR-

Impervious 

area removal 

Removal of one acre of pavement removal and 

reforestation of the land. 
$50,640 

$1.16/SF 

($50,640/acre) 
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Table C-7 – Summary of NEORSD Green Stormwater Infrastructure Planning Costs 

GSI Type Description 

Capital Cost 

(Including 55% markup) 

$ 
$/SF or $/LF 

where noted 

SSR-Green 

roof 

Vegetation and growing medium over a 

waterproofing membrane 

 4”-6” green roof media 

 No full roof replacement 

 One acre area 

$1,249,090 $28.70/SF 

SCC-Storm 

sewer 

In commercial areas, sewer separation to convey 

stormwater to a central GSI control 

 300LF 

 36” sewer buried at 7FT depth 

 Backfilled with exist. Material 

 Pavement removal and restoration 

 2 catch basins replaced 

 $/LF of storm sewer 

$84,000 $280/LF 

SCC-Open 

Channel/ 

Swale 

Drainage conveyance 

 300FT long 

 3FT deep 

 Seeding 

 $/LF of swale 

$9,000 $30/LF 

SCC-Overland 

Flow 

Residential street with slope >2% 

 Closure of 2 catch basins 

 300LF street length 

 Conveyance to downstream GI control 

 $/LF 

$5,000 $17/LF 

 

District of Columbia Water and Sewer Authority (DC Water) 
Under a Consent Decree (CD) entered in March 2005, DC Water is required to implement projects 

for the capture and storage of CSOs during rain events that exceed the capacity of the combined 

sewer system.  The CD requires control of CSOs in all three of the District’s main waterways – 

Anacostia River, Potomac River and Rock Creek.  The Anacostia River CSO controls must be in 

place by 2018 and the Potomac River and Rock Creek CSO controls must be in place by 2025.  

Currently, there are no numerical goals for CSO reduction through green infrastructure in the CD. 

In 2012, DC Water entered into an agreement with the USEPA to study potential for GSI for 

inclusion into their CSO control program which may require modification of the 2005 CD.  DC 

Water is planning to implement a GSI demonstration program of $10 – $30M in capital cost. 

DC Water uses unit costs for GSI practices (for construction and materials only) based on data from 

DC Department of the Environment (DDOE) RiverSmart Program, the Water Environment 

Research Foundation (WERF) and EPA.  These costs are summarized in Table C-8.  There were no 

further details on the development of these unit costs and no reference to a cost index. 
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To estimate capital cost for each subshed area a 35% contingency was added to the total extended 

construction costs.  An additional 1.4 multiplier was then factored on top of the cost plus 

contingency to obtain total capital cost.   

 

Milwaukee Metropolitan Sewerage District (MMSD), Milwaukee, WI 
The Milwaukee Metropolitan Sewerage District’s (MMSD) commitment to green infrastructure is 

one piece of their plan in order to meet the 2035 vision for zero basement backups, zero overflows, 

and improved water quality. Approved in July 2013, MMSD’s Regional Green Infrastructure plan 

documents how to meet the 2035 vision of capturing the first one-half (0.5) inch of rainfall on 

impervious surfaces. This capture is equivalent to 740 million gallons of storm water storage at an 

estimated capital cost of $1.3 billion for full implementation, or approximately $59 million per year. 

MMSD estimates incremental annual operation and maintenance costs at $10.4 million. The level of 

green infrastructure commitment was made without a consent decree or state order. MMSD 

estimates costs will roughly be split in half between the public and private sectors.  

The MMSD Regional Green Infrastructure Plan included a summary of unit costs from other 

sources without specific details on what the costs included (Table C-9).  These stand-alone costs 

Table C-8 – Summary of DC Water GSI Technology Assumptions and Unit Costs 

GSI Technology Description/Design 
Average 

Costs 

Bioretention 

 

Freestanding Cells:  shallow vegetated depression, includes 6”-

12” ponding area underlain with a permeable soil medium. 

Sidewalk Cells: below elevation of sidewalk, tree boxes, curb 

cut-outs and overflows. 

Bump-out Cells:  constructed between sidewalk and roadway 

in parking lanes, curb cut-out inlets 

$42 per SF 

Bioswale 
Shallow, linear, sometimes sinuous, vegetated swale underlain 

by a permeable substrate 

$32.50 per 

SF 

Vegetated Strips 

Small bioretention areas flush with surrounding landscapes, 

no ponding depth, underlain with bioretention soil media, 

heavily vegetated, small drainage area 

$10.00 per 

SF 

Tree Box Filter 
Small-scale bioretention system, adjacent to standard curb and 

gutter, concrete box filled with permeable soil medium. 
$18 per CF 

Green Roofs 
Lightweight growing medium and vegetation on top of a roof, 

layered membrane or proprietary floating tray systems. 
$27 per SF 

Blue Roof Series of tray filled with gravel ballast to capture rainfall. 
$8.00 per 

SF 

Downspout Disconnect 

Redirect downspout to ground, or other detention or 

infiltration facility (i.e., rain barrel, cistern, or bioretention 

area) 

$200 per 

downspout 

Permeable Pavement 
Permeable concrete, asphalt, or pavers that permit percolation 

of surface runoff into a gravel subgrade. 

$30.00 per 

SF 

Large Volume 

Underground  

Detains water below grade in the void space of either a gravel 

bed or proprietary pipe, arch, or matrix system. 

$20.00 per 

SF 
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refer to individual retrofit projects, such as installing a green roof on an existing building or 

replacing conventional pavement with porous pavement.  MMSD also developed incremental costs 

which represent the difference between GSI construction alone and general construction projects 

that incorporate green infrastructure components.  

Table C-9 – Summary of Stand Alone GSI Costs for Milwaukee Metropolitan Sewer District  

Green Infrastructure Strategy Stand Alone Cost ($/SF) Loading Ratio 

Bioretention/Bioswale $24  12.0 

Porous Pavement $10  4.0 

Green Roof $12  1.0 

 

New York City Department of Environmental Protection (NYCDEP) 
New York City is prepared to invest $1.5 Billion in public green infrastructure through 2030 and is 

also developing an institutional framework for an anticipated additional $900 Million in private 

green infrastructure investment.  The planned total of $2.4 Billion of GSI is intended to capture the 

first inch of runoff from 10% of the total impervious area within combined sewersheds throughout 

New York City. The first phase of GSI investment commits $192 Million of public funds through 

2015, intended to capture 1.5% of the impervious area of combined sewersheds City-wide. 

  

For publicly funded GSI projects constructed in the public right-of-way, NYCDEP estimates a unit 

cost of $720,000 to control one inch of runoff from one impervious acre. The basis of this unit cost is 

a typical sidewalk swale with costs and sizing based on actual demonstration projects that have 

been built or bid out by NYCDEP. This technology has the design capacity to capture one inch of 

impervious runoff without consideration of infiltration. Details of a loading ratio of impervious area 

to GSI control area were not provided, but the reported ratio of total drainage area (pervious and 

impervious area) to GSI area is approximately 11:1, so the loading ratio would be less than 

11:1. NYC DEP estimates that 1,606 acres of ROW construction will be implemented at a capital 

cost of $1.155B of NYC DEP’s funds.   

For stormwater control outside the public right-of way, NYCDEP offered three examples of practices 

for basis of cost estimation. The lower end of cost would be blue roof detention of stormwater, a mid-

range are subsurface infiltration/detention techniques such as gravel beds and perforated pipe, and 

at the high end are bioinfiltration and green roof GSI applications. NYCDEP chose to use the mid-

range of costs for a subsurface infiltration/detention perforated pipes with material and labor costs 

typical of New York City. To estimate costs for on-site retention of one inch of runoff (on both public 

and private land), NYCDEP estimates a unit cost value of $200,000 per impervious acre.  The 

design capacity is set to achieve a release rate of 0.25 cfs for an acre of property with a 0.9 runoff 

coefficient, and does not assume infiltration. NYC DEP estimates that 2,019 acres of Public on-site 

retention will be implemented at a capital cost of $404 Million of NYCDEP’s funds. 
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City of Pittsburgh, Conceptual Green Infrastructure Designs 
In May 2013, Three Rivers Wet Weather (3RWW) completed a draft report titled Conceptual Green 

Infrastructure Design in the Point Breeze Neighborhood, City of Pittsburgh.  Additional conceptual 

GSI design reports were released in October 2013 by 3RWW for the Swisshelm Park and Brookline 

neighborhoods in the City of Pittsburgh. These studies are included for ACT comparison in the 

Literature Review because the conceptual costs estimates are similar in scope to what is proposed 

for projects being identified in the ALCOSAN Source Control Study. The 3RWW conceptual projects 

are the only local projects included in this literature review, but additional projects can be added in 

the future if sufficient data on the projects are available.   

Conceptual designs and construction cost estimates included in these 3RWW reports are 

summarized in Table C-10, and unit costs per square foot of GSI installed were calculated for 

comparison purposes.  These projects are designed to capture one inch of runoff, the same 

performance criteria as used for ACT planning level cost assumptions.  The estimated Point Breeze 

unit costs for construction vary between $9 and $179 per square foot of installed GSI. The 

cumulative total of all 3RWW conceptual project construction costs ($1,637,036) divided by the 

cumulative GSI footprint (37,545 SF) is $44/SF. 

The 3RWW conceptual project costs cannot be compared directly to the ACT since the total 

impervious area controlled by these projects is not reported.  A rough comparison can be made by 

using the total GSI footprint of 3RWW conceptual projects (0.86 acres) and assuming a loading ratio 

between 5:1 and 10:1. Using this loading ratio assumption, the impervious area captured would be 

between 4.3 and 8.6 acres.  Inputting these assumed impervious areas into the ACT, and adjusting 

for inflation, the construction cost for the 5:1 loading ratio assumption is $27/SF, and for the 10:1 

loading ratio the construction cost is $54/SF of GSI installed.  The cumulative GSI costs for the 

3RWW conceptual projects of $44/SF falls within this range.   
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Table C-10 – 3RWW Conceptual Design Construction Costs for GSI within City of Pittsburgh 

Site Technology 
GSI Area 

(SF) 

Projected 

Construction Cost 

(2013 Dollars) 

Calculated Unit 

Cost  

($/SF GSI Area) 

Point Breeze Neighborhood     

Frick Museum Parking Lot 

Bioretention planter box            750   $                  37,433   $                    50  

Permeable pavement parking stalls (interlocking 

pavers) 
         3,600   $                145,406   $                    40  

S. Homewood Avenue 
Curb-extension bioretention w/ underdrain             240   $                  13,676   $                    58  

Traffic island bioretention w/ underdrain          1,600   $                  53,031   $                    33  

Le Roi Road 
Center median bioretention w/ underdrain             400   $                    8,775   $                    22  

Permeable paving parking stalls (interlocking pavers)          1,920   $                  94,462   $                    49  

Osage Lane Permeable alley (porous concrete w/ underdrain)          5,550   $                158,331   $                    29  

Roycrest Place 
Permeable pavement parking strips (interlocking 

pavers) 
         3,600   $                150,934   $                    42  

Card Lane 
Permeable pavement parking strips (interlocking 

pavers) 
         2,350   $                123,036   $                    53  

Lang Court 
Permeable pavement parking strips (interlocking 

pavers) 
         1,740   $                  89,600   $                    55  

Windermere Drive 1300 Block 
Permeable pavement parking strips (interlocking 

pavers) 
         5,100   $                236,504   $                    46  

Swisshelm Park 

Neighborhood 
    

Windermere Drive 1300 Block Traffic island bioretention w/ underdrain          1,125   $                  23,650   $                    21  

Windermere Drive 1200 Block Curb-extension bioretention w/ underdrain             120   $                  21,500   $                  179  

Windermere Drive 1200 Block Curb-extension bioretention w/ underdrain             120   $                  21,500   $                  179  

Windermere Drive 1200 Block Curb-extension bioretention w/ underdrain             120   $                  21,500   $                  179  

Windermere Drive 1100 Block 
Permeable pavement parking strips (interlocking 

pavers) 
         6,840   $                405,025   $                    59  

Brookline Neighborhood     

Sussex Avenue North Bioretention w/ underdrain             870   $                  10,350   $                     9  

Sussex Avenue South Bioretention w/ underdrain          1,500   $                  22,323   $                    11  

City-Wide TOTAL        37,545   $              1,637,036   $                    44  
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C.5  Comparison of ALCOSAN ACT Generated Costs to Other 

 Cities 
The six sets of cost data found in the literature review indicate a variety of methods in which GSI 

costs are reported.  Table C-11 provides a summary of unit costs reported in or converted to dollars 

per impervious acre managed.  Table C-12 provides a summary of the unit costs reported in terms of 

$/SF. All values in these two tables are based on reported costs without adjustments.   

Table C-11 – Summary of Recently Published GSI Capital Costs in $ Per Impervious Acre Controlled 

GSI Location 
Onondaga County, 

New York 

New York City 

Department of 

Environmental 

Protection 

ALCOSAN ACT 

Public Right of Way 
$257,000 

(for 13 selected ROW projects) 

$720,000 

(swale, retrofit) $287,000 (retrofit) 

 

$226,000 (redevelopment) 
Private Parcels Not calculated 

$200,000 

(subsurface 

infiltration/detention) 

 

In comparing costs between projects or comparing project costs to those in the ACT, the following 

differences between reported costs must be considered: 

 

 Actual implementation costs versus estimated cost of proposed projects 

 Estimates for widespread implementation of GSI that has yet to be sited versus individual 

projects which have been sited and include a conceptual design  

 Construction costs versus capital costs 

 Retrofit projects versus redevelopment projects 

 $/SF or $/impervious acres managed 

 All project costs versus GSI related aspect only 

 Differences in GSI basis of design (e.g. 0.5” or 1” capture;  storage and slow release only versus 

storage and slow release plus infiltration) 

 Projects within the public right-of-way versus on parcels 

 Geographic differences in the cost of construction 

 

To make a common baseline comparison among all reported data and the ACT, all unit costs were 

extrapolated to $/SF of GSI control and adjusted to the ACT index values.  The ACT unit cost was 

developed using the planning assumption of a 5:1 to 10:1 loading ratio range.  As shown in Table  

C-13, there is a wide variation in costs compared amongst GSI programs and also the ACT due in 

part to the many differences noted above. Individual city comparisons to the ACT are detailed 

below.   
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Onondaga County, New York 
Construction costs for the selected projects in the Onondaga County 2012 Plan that are considered 

similar to those anticipated in Pittsburgh exhibit a wider and higher range of construction cost 

compared to other cities’ planning level cost estimating criteria.  The wide range of project cost 

appears to be influenced by non-GSI components of the projects, such as street paving and parking 

lot improvements that are part of the overall project.  Note, Onondaga did not report unit costs per 

square foot of GSI controlled, these statistics were calculated based on the individual project details 

provided in the report. The calculated average GSI construction cost for all 13 projects was 

approximately $25/SF of installed GSI control which compared to the $19/SF used in the ACT, based 

on the cumulative Onondaga loading ratio of 4.2:1.  This is within the +50%/-30% range expected for 

ACT planning level cost estimates.  

The Onondaga costs can also be compared more directly to the ACT in dollars per acre impervious 

surface managed. Per Table C-4, the index adjusted average cost of $255,000 per acre impervious 

surface managed is approximately 28% higher than the ACT costs for retrofit ($199,000/impervious 

acre). 

Onondaga’s extensive GSI installations and the detail to which they are already sharing 

construction costs make them a candidate city to contact for further information about actual GSI 

construction costs. 

Cincinnati, Ohio 
The Cincinnati paper reported actual construction costs that were stripped down to GSI materials 

and labor components only, and unit costs are significantly lower than unit costs in the ACT.  The 

publication did not discuss a quantitative value per square foot of GSI of the non-GSI construction 

costs which are lumped into the total cost for a project.  Without this cost inclusion, and without 

offering a basis of GSI design, the total project construction costs are not equivalent comparisons to 

the ACT assumptions.  An assumed cost multiplier could be applied to the Cincinnati unit costs if 

bid details of these projects were obtained.  

Given the amount of actual construction projects installed by MSDGC, Cincinnati is a candidate city 

to contact for further information about actual GSI construction costs. 

Cleveland, Ohio 
The NEORSD Green Infrastructure Plan developed a construction cost estimating method based on 

typical designs for each green technology to establish an average unit cost per square foot.  The 

methodology resulted in relatively low unit cost ranges, including capital costs, when compared to 

the ACT.  An understanding of the NEORSD GSI basis of design criteria is needed to understand 

the relative difference between NEORSD and ACT unit costs. 

NEORSD has gone through a process similar to what ALCOSAN is currently developing for the 

Regional Evaluation of Green Stormwater Infrastructure and Other Source Controls.  Although 

NEORSD is not yet constructing its Green Infrastructure Plan, the work that authority produced 

could serve as an example of ways for ALCOSAN and its customer municipalities to consider GSI.  
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As NEORSD advances its plan and completes multiple projects, it could be a candidate to contact for 

better understanding of actual GSI construction costs.  

Washington DC 
The DC Water cost estimating unit cost criteria are similar to the ACT, except with more categories 

and greater variations among the specific technologies. An understanding of the basis of design is 

needed to understand the relative difference between DC Water and ACT unit costs. Since the 

Green Infrastructure Projects Plan was recently completed there are no published costs on 

completed projects, but as DC Water advances their study on GSI and completes demonstration 

projects, they could be a candidate for contacting to understand more about GSI construction costs. 

Milwaukee, Wisconsin 
The MMSD green infrastructure planning level cost estimating criteria include significantly lower 

unit construction costs than the ACT.  One potential reason for this is that the costs developed by 

MMSD are assumed for 0.5 inches of capture of runoff.  This would have a significant effect of 

higher costs if scaled up to 1 inch, but without a detailed description of the development of unit costs 

in the Regional Green Infrastructure Plan, it is not possible to further investigate the difference.  

Given these limitations and that MMSD is not operating under a Consent Decree to implement 

their Plan, it is not recommended that MMSD be contacted further to gain an understanding of 

their costs.   

New York City 
New York City provided unit cost estimates for two applications, one a sidewalk bioswale and the 

other a perforated pipe on-site retention application.  The sidewalk bioswale unit cost for 

construction index values is significantly higher than the ACT planning level estimate in part due 

to the large percentage attributed to labor.  Furthermore, NYCDEP’s selected design criteria do not 

assume the effects of infiltration into the sizing of the GSI.  Based on this important design 

consideration, and unknowns of NYCDEP assumptions of labor required, it is not recommended 

that this unit cost be considered for comparison to the ACT unit costs.   

Given that the ALCOSAN and its customer municipalities are focused on GSI applications within 

the public right-of-way the NYCDEP on-site retention application does not have an analogous 

technology for comparison using the ACT and was not included in the comparison. 
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C.6 Conclusions 
This literature review confirms that there is a wide variation of actual construction and planning 

level cost opinions among agencies that are implementing green stormwater infrastructure as part 

of a CSO program.   Onondaga County, New York is experiencing actual construction costs that are 

higher than those estimated by the ALCOSAN ACT, but within the expected range for a planning 

level estimate.  The other source of actual construction costs, Cincinnati, offered results that were 

inconclusive due to the lack of details of complete project costs and basis of design. 

While actual construction cost data would be the primary reason to update the ACT, planning level 

estimates from other cities offered little additional insight as to whether the ACT would need to be 

adjusted due to the lack of details offered on the basis of GSI designs.  DC Water is also using cost 

estimating criteria of similar magnitude to the ACT, except for green roofs which are significantly 

higher. Cleveland is using planning level estimates below the assumed accuracy range for the ACT, 

except for green roofs which are at the high end of the ACT range.  Milwaukee is also using 

estimates below the ACT accuracy range, which is expected given the lesser basis of design (0.5” 

rainfall capture).  Finally, New York is using guidelines above the ACT accuracy range. 

The results of the 3RWW report on conceptual GSI projects in the Point Breeze, Swisshelm Park 

and Brookline neighborhoods is an indicator that the ACT planning level cost estimates yields 

reasonable results when compared to detailed cost estimates of conceptual design projects. Using 

assumed loading ratios these Pittsburgh conceptual cost estimates displayed a wide range of unit 

costs on an individual project basis, but when cumulatively assessed the unit costs are comparable 

to the accuracy range anticipated for the ACT.  This comparison could be refined if the total 

impervious area controlled by these projects could be obtained. 

It is evident that GSI projects when actually implemented typically include certain non-GSI 

functional components to address temporary construction measures, desired community benefits, 

the needs of the surrounding area, and the concerns of abutting property owners.  Since the ACT is 

in reasonable agreement with actual project costs that include these factors, it is reasonable to 

continue to use the ACT for the preliminary screening of GSI projects in the ALCOSAN service 

area. As specific projects are identified and conceptual designs are developed, site specific cost 

estimates should be developed as they would for any other project, using actual materials and labor 

estimates for the actual quantities of work involved.  

As mentioned earlier in the report, this study focused on public domain data and did not contact 

outside agencies. Outside agencies can be contacted as a follow-up to this report if desired to see if 

they are willing to share additional data on actual construction costs and project details. The 

programs with the largest number of constructed GSI projects with most relevance to ALCOSAN 

would be: 

 

 Philadelphia Water Department; 

 Onondaga County Department of Water Environment Protection; 

 Metropolitan Sewer District of Greater Cincinnati; 
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 Portland Oregon Bureau of Environmental Services; 

 Seattle Public Utilities and King County; and  

 Kansas City (MO) Water Services Department.  

The ACT can be updated in the future if additional data can be obtained on actual construction costs 

for GSI projects from other cites, or preferably local demonstration projects.  
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Table C-12 - Summary of Recently Published GSI Unit Costs in Square Feet 

Best Management 

Practice / Other 

Parameters 

Northeast Ohio Regional 

Sewer District  

(Cleveland)1 

Cincinnati Metropolitan Sewer 

District2 
Milwaukee Metropolitan 

Sewer District3 

District of Columbia Water and 

Sanitation Authority4 

ALCOSAN ACT Extrapolation 

 (range is based on retrofit costs with  

5:1 to 10:1 loading ratio where applicable) 

Low High Low High Construction Capital 

Bioretention $25 - - $24 $42 $23 - $46 $46 - $66  

Porous Pavement $14 $2 $20 $10 $30 $23 - $46 $46 - $66  

Green Roof $29 $11 $35 $12 $27 $13 $19  

Bioinfiltration $7 $22 $8 $20 - - $23 - $46 $46 - $66  

Bioswale $25 $7 $17 $24 $33 $23 - $46 $46 - $66  

Type of Cost Capital 
Construction, but some costs are 

excluded. 
Not Reported 

Construction – direct cost plus 

OH&P – no contingency  
Construction Capital 

Targeted Capture  Not Reported   Not Reported  First 0.5" of rainfall  Not Reported  First 1" of stormwater runoff 

Loading Ratio 

Bioretention Cell/Swale - 5:1 to 

10:1.  

No others listed 

Not Reported 

Green Roofs 1:1 

Rain Gardens 12:1 

Stormwater Trees 0.5:1 

Soil Amendments 12:1 

Porous Pavement 4:1 

Not Reported 
Costs assume 5:1 to 10:1 for all technologies 

except green roofs, which is 1:1. 

Slow Release 

Connections 

Infiltration Trench:  

1 connection per 0.1 - 0.25 acre 

impervious, $6,600 per 

connection   

Bioretention swale or cell:  

1 connection per 0.1 - 0.25 acres 

impervious, $4,300 per 

connection   

Pervious pavement:  

1 connection per 0.5 acres of 

pavement, $18,000 

 Not Reported   Not Reported   Not Reported  
Assumes 1 connection per each 1/4 acre of 

impervious, $10,000 per connection  

Contingencies Included 

 Includes a 55% markup for 

construction contingency, design 

and construction 

administration.  

 Not Reported   Not Reported  

 Add 35% contingency on top of base 

construction cost for total 

construction cost, then multiply by 

1.4 to get total capital cost  

 

Construction Contingency: 25% 

Project Contingency: 20% for retrofit 

Other Notes     

 Costs reported are intended for 

stand-alone projects or retrofits. 

MMSD also published 

"incremental costs," or the cost 

difference between conventional 

construction and construction 

that incorporates green 

infrastructure.  

   Costs reported are for retrofit projects  

Note: All Costs above are as reported in their published source, unadjusted to show the variation in how different CSO programs interpret GSI costing. 

 

1. Northeast Ohio Regional Sewer District. Green Infrastructure Plan, 2012 

2. Ellwood, Nancy. "A Detailed Look at Costs Associated with Green Stormwater Controls." Proceedings from Water Environment Federation Stormwater Symposium, 2012. 

3. Milwaukee Metropolitan Sewerage District. Regional Green Infrastructure Plan, 2013. 

4. District of Columbia Water and Sewer Authority. Technical Memorandum No. 3: Green Infrastructure Plan, Revision No. 1, 2012.  
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Notes:  1. Based on 13 selected Onondaga County projects considered similar to anticipated public projects in Pittsburgh. 

2. Unit costs shown are based on direct construction costs plus 35% construction contingency 

                                               3. Range is based on retrofit costs with 5:1 to 10:1 loading ratio where applicable 

Table C-13 - Adjusted Unit Cost Per Square Foot of Green Stormwater Infrastructure Installation 

 

(Adjusted for Time and Location with ALCOSAN ACT Index values to compare to ACT Costs) 

 

Best Management 

Practice /  

Other Parameters 

Constructed GSI Projects 

Calculated Unit Costs 
Planning Level GSI Unit Costs  

Cincinnati Onondaga Co.1 Cleveland 
Milwaukee New York City DC Water2 

ALCOSAN ACT 

Extrapolation3 

Low High Low High Low High Construction Capital 

Bioretention - $6 $121 $24 $21 - $39 $23 - $46 $46 - $66 

Porous Pavement $2 $20 $7 $16 $13 $9 - $28 $23 - $46 $46 - $66 

Green Roof $11 $36 -- -- $27 $10 - $25 $13 $19 

Bioinfiltration $8 $20 $23 $91 $7 $21 - - - $23 - $46 $46 - $66 

Bioswale $7 $17 - - $21 $108 $30 $23 - $46 $46 - $66 

Type of Cost 
Construction, but 

some costs excluded 
Construction Capital Not Reported Capital Not Reported Construction / Capital 

ENRCCI 9268 
2010 - 8799 

2011 - 9070 
9172 9542 8799 

9324 
8641 

ENRCCI Date March 2012 
Annual averages 

of 2010 and 2011 
December 2011 June 2013 

2010 

Annual Average 

June 2012 
December 2009 

RS Means  

Location Adjustment 
91.1 96.5 99.0 103.2 133.2 

98.8 
99.6 
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INFLOW AND INFILTRATION REDUCTION 

IN SANITARY SEWERS 

D.1  Introduction to RDII in Sanitary Sewers 
A properly designed, operated and maintained sanitary sewer system is meant to collect and convey 

all of the sewage that flows into it to a wastewater treatment plant.  Rainfall dependent infiltration 

and inflow (RDII) into sanitary sewer systems has long been recognized as a major source of 

operating problems that cause poor performance of many sewer systems including system overflows.  

The extent of infiltration also correlates with the condition of aging sewers. 

The three major components of wet-weather wastewater flow into a sanitary system – base 

wastewater flow (BWWF), groundwater infiltration (GWI), and RDII are illustrated in Figure D-1 

and are discussed below. 

 

Figure D-1:  Three components of wet-weather wastewater flow 

 

BWWF, often called base sanitary flow, is the residential, commercial, institutional, and industrial 

flow discharged to a sanitary sewer system for collection and treatment.  BWWF normally varies 

with water use patterns within a service area throughout a 24-hour period with higher flows during 

the morning period and lower during the night.  In most cases, the average daily BWWF is more or 

less constant during a given day, but varies monthly and seasonally.  BWWF often represents a 

significant portion of the flows treated at wastewater treatment facilities. 

GWI represents the infiltration of groundwater that enters the collection system through leaking 

pipes, pipe joints, and manhole walls.  GWI varies throughout the year, often trending higher in late 

winter and spring as groundwater levels and soil moisture levels rise, and subsiding in late summer 

or after an extended dry period. 

GWI and BWWF together comprise the dry-weather flow (DWF) that occurs in a sanitary sewer 

system.  Because the determination of GWI and BWWF components of DWF is not an exact science, 
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various assumptions related to the water consumption return rates and wastewater composition 

during early morning hours are typically used to help estimate these flows components. 

RDII is the rainfall-derived flow response in a sanitary sewer system.  In most systems, RDII is the 

major component of peak wastewater flows and is typically responsible for capacity-related SSO and 

basement backups.  Snowmelt may also cause RDII flows.  RDII flows are zero before a rainfall 

event, increase during the rainfall event, and then decline to zero sometime after the rain stops.  

For cases with less than saturated antecedent moisture conditions, surfaces and soils may take up 

some of the rainfall early in the event before a response is observed and, if the event is small 

enough, there may not be a sanitary system response.  The maximum amount of rainfall that does 

not produce a response in the system is termed the “initial abstraction.” 

Figure D-2 depicts various pathways of RDII into sanitary sewer systems in both public right-of-way 

and private property.  “Inflow” is the water that enters the sanitary sewer system directly via 

depressed manhole lids and frames, downspouts, sump pumps, foundation drains, area way drains 

and cross-connections with storm sewers.  Although direct connections such as downspouts, sump 

pumps, foundation drains, and areaway drains are no longer common design practices, they still 

exist and contribute to inflow in many older sanitary systems.  Inflow typically occurs shortly after a 

rainfall starts and stops quickly once it stops.  Inflow is typically the major component of the RDII 

peak flow and often contributes to limitations in conveyance system capacity.  Therefore, reducing 

inflows can reduce the peak wastewater conveyance above the design flow rates and consequently 

capacity related problems in operating sewer systems.  

 

Figure D-2:  Pathways of infiltration and inflow into sanitary sewer systems. 

 (Courtesy of EPA Publication: Computer Tools for Sanitary Sewer System Capacity Analysis and Planning, 

EPA/600/R-07/111).  

 

Rainfall-derived infiltration (RDI) refers to rainfall runoff that filters through the soil before 

entering a sanitary sewer system through damaged pipe sections, leaky joints or poor manhole 

connections.  These defects can occur in both the public right-of-way portions of the sanitary sewer 
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system or in individual service laterals on private property.  Infiltration processes typically extend 

beyond the end of rainfall and takes some time to recede to zero after the storm event.  A system 

may experience a fast RDI response, a slow RDI response, or both. 

In areas characterized by soils with high percolation rates, RDI can quickly enter shallow service 

laterals and sewer system defects, contributing significantly to the peak wet-weather response.  RDI 

is typically the major component of the total RDII volume, especially during periods of high 

antecedent soil moisture conditions when the recession limb of the wet-weather response can last 

for several days after the wet-weather event.  Aging sewer systems with numerous structural 

defects experience higher levels of infiltration.  Therefore, sewer rehabilitation priorities can be 

determined by the level of infiltration in a subsystem.  In addition, addressing aging sanitary sewer 

system should help reduce total RDII volume in a subsystem. 

The rainfall response of a sanitary sewer system is quite complex.  Various factors control RDII 

responses in addition to the rainfall (volume, intensity, and duration) and antecedent moisture 

conditions, including depth to groundwater, depth to bedrock, land slope, number and size of sewer 

system defects, type of storm drainage system, soil characteristics, and type of sewer backfill.  

Further, RDII responses can vary greatly due to spatial rainfall distributions over a sewershed. 

D.2 RDII Reduction Benefits and Challenges 
Reducing and managing RDII to sanitary sewer systems has been a major industry priority which 

requires significant effort, time and money.  As regulations of wet-weather overflows and other wet 

weather discharges continue to develop along with increased fiscal constraints, regulators have 

increasingly turned their attention to effectively removing excessive RDII from collection systems.  

Numerous communities around the country established RDII reduction programs in the 1970s – 

primarily to address capacity issues in their sewer systems which were in relatively better condition 

compared to today.  Since then, the industry has been gaining progressively deeper knowledge of 

do’s and don’ts in implementing RDII reduction and management programs which has resulted in 

the development of a wide range of successful practices.  Significant knowledge has been gained in 

RDII source detection approaches as well as a better understanding of the role private property 

RDII reduction to achieve meaningful capacity improvements.  Industry experts have been 

grappling with reasons why different agencies have achieved widely varying results in RDII 

reduction effectiveness and whether the industry can reach a consensus on best practices for 

achieving and documenting consistent RDII reductions. 

Despite the uncertainties in the levels of reduction achieved, source reduction of wet-weather flows 

through RDII reduction continues to be a high interest topic with wastewater utilities and 

regulators.  The interest in tackling RDII in sanitary sewers is ever growing and RDII reduction is 

taking center stage in many wet-weather programs.  Attachment 1 provides additional information 

about some of the many flow reduction programs throughout the country.   

In recent years, many of these programs have been approached from the context of an asset 

management framework with the emphasis being to assure aging sewer assets are 

repaired/rehabilitated/replaced to manage the risk of failure and to assure the intended level of 

service is delivered.  This leads to the convergence of the rehabilitation of aging sewers to extend the 
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design life and the reduction of excessive RDII to restore the capacity of those same sewers.  While 

the early RDII removal program goals were toward capacity recovery, the most recent programs are 

more balanced in achieving both broader infrastructure renewal goals and cost-effective removal of 

RDII through sewer rehabilitation.  

In a slowly but steadily developing trend, communities and regulatory agencies are taking an 

holistic approach by first cost-effectively reducing RDII through rehabilitating sewers in poor 

structural condition and removing inflow and then determining the supplemental storage and 

conveyance infrastructure needs to establish the parameters for the required improvements in 

system capacity.  This approach allows for the alignment of the dual objectives of renewing aging 

infrastructure while reducing RDII.  

Estimating the amount of potential RDII reduction takes into account many factors and is very site-

specific as it depends on the complexity of the rainfall response of a sanitary sewer system as 

described in the previous section.  In many cases, sewer laterals that connect individual buildings 

on private properties to sewer mains are a major source RDII.  Effective RDII reduction on both 

private properties and public right-of-ways (R/W) is needed to achieve impactful RDII reduction and 

help minimize the supplemental infrastructure needs of a wet-weather program.  Well-designed 

pilot studies can help develop system-specific RDII reduction programs that focus on both private 

property and R/W efforts.  Table D-1 shows estimated RDII reductions for various types of 

rehabilitation programs based on national experience in RDII reduction programs as well as 

industry observations.  Note that the statistics for the higher levels of rehabilitation are 

increasingly dependent on unique system-specific RDII characteristics and distributions.  

Table D-1:  Estimated RDII Reductions from Sewer Rehabilitation 

    Level of Rehabilitation Volume 

Reduction 

Peak Flow 

Reduction 

Point Rehabilitation in Public R/W 15 – 30% 0 – 10% 

Point Rehabilitation in Public R/W and Private Property 25 – 50% 0 – 20% 

Comprehensive Rehabilitation in Public R/W 30 – 60% 10 – 35% 

Comprehensive Rehabilitation in Public R/W w/ Point 

Repair of Service Lines 

35 – 70% 15 – 40% 

System-Wide Comprehensive Rehabilitation >70 > 50 

 

There are numerous industry publications and sewer agency reports that address the effectiveness 

of public and private RDII reduction projects and programs. A sampling of these documents is 

included as Attachment 2 of this appendix.  In addition, Three Rivers Wet Weather (3RWW) 

prepared two documents that included an examination of the effectiveness of private and public 

efforts to reduce I/I as summarized below.   

 3RWW Feasibility Study Working Group, Guidelines for Performance of Source Flow 

Reduction Cost-Effectiveness Analysis, Document 013, Appendix C, March 2011 – This 

Technical Research Summary Paper is included as Attachment 4 of this appendix.  It 
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summarizes six regional and six national publications that report on the effectiveness of RDII 

reduction.  The paper concludes that 70 percent reductions in RDII are possible on a subsystem 

level, but that the success rate cannot be relied upon when translated to another proposed 

project. The paper recommends that “source flow reduction estimates be predicated flow 

isolation studies and micro level analysis via the CEP tool”.  The Cost Effectiveness Program 

(CEP) Tool is describe in the main body of this report, and is a Present Worth based tool for 

source flow reduction alternative analysis. 

 3RWW Feasibility Study Working Group, “Private Sector” / Lateral Subcommittee, 

February 2013 – This document includes discussion of the potential effectiveness of several 

private lateral control programs in Western Pennsylvania.  Of the eight programs evaluated, 

only three have collected or plan to collect flow data that documents “pre-“ and “post-“ program 

wet weather flow responses. Of the two programs with available data, the flow analysis 

performed did not identify any measurable and conclusive flow reduction attributable to the 

lateral program. 

In addition to these resources, the Water Environment Federation (WEF) has created and is 

maintaining the Private Property Virtual Library (PPVL). The PPVL is a growing library of case 

studies from private property-related programs at wastewater utilities. It is intended to be a 

resource for utilities seeking information or advice about private property programs.  The library 

includes information gathered from successful private property programs targeting:  sanitary lateral 

repair or replacement; RDII source detection and elimination; lateral condition assessment; 

privately owned pump station operation and maintenance; and sewer easements.  The WEF PPVL 

also provides many relevant references related to RDII reduction programs.  

The references above avoid representing the RDII reduction programs as either “successful” or 

“failed or unsuccessful”. They do however emphasize that there are a wide range of estimates of 

RDII reduction effectiveness and varying metrics and variables go into the determination of those 

estimates.  As such, sewer rehabilitation goals should focus on: 1) addressing the aging sewer 

system and its repair/rehabilitation/replacement (R/R/R) needs in both private and public sewers; 

and 2) achieving effective reduction in excessive RDII through focused sewer rehabilitation.  This 

approach will allow the extension of the sewer infrastructure service life and the reduction of 

excessive RDII to the extent that can be practically achieved in an existing system.  In effect, you 

will be able to show program outcomes are positive and help minimize the overall supplemental 

infrastructure needs to meet wet-weather program goals. 

A review of these references indicates that a long term commitment for establishing and sustaining 

a private property RDII reduction program is essential for its success.  Following are key 

considerations for a successful private property program:  

1. Private Property Program Needs Assessment – frame the program drivers and anticipated 

outcomes; 

2. Policy and Legal Issues – establish conditions such as understanding of limits of ownership, 

legal basis for what is illicit flow, use of public funds and right of access; 
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3. Funding – determine funding mechanisms and who pays for what. 

4. Public Outreach – establish a plan to communicate with the public, the most critical factor in 

the success of the program. 

5. Implementation – address the location of sewer defects, rehabilitate and repair and 

demonstrate the effectiveness of the program. 

D.3 Sewer Rehabilitation Approaches and Methods 
Typically, a focused sewer system evaluation survey (SSES) is performed to determine the scope of 

sewer rehabilitation required.  This often involves use of a densely arrayed network of flow monitors 

to determine the sources and severity of extraneous flows.  The monitoring is generally followed by 

detailed manhole inspection, use of acoustical inspection technologies, close-circuit television 

inspections or relatively new/emerging technologies (e.g., sonar, laser, ultrasonic and infrared), 

smoke testing, flow isolation and other techniques to gather adequate information regarding sewer 

conditions to guide rehabilitation efforts.  The industry references at the end of this section include 

an overview of the various flow monitoring and field investigation methods for determining the 

scope of rehabilitation required.  There are also numerous articles, and conference presentations 

that discuss approaches and methods for monitoring and analysis of RDII.  A sampling of these 

articles is included in Attachment 3. 

Once an area is identified as a contributor of high RDII and thus designated as a rehabilitation 

priority, there are three general sewer rehabilitation approaches that can be used: 

 Rehabilitate all sewers including service laterals located within the public right-of-way and on 

private property; 

 Rehabilitate only sewers located in public rights-of-way; or 

 Repair structural defects in pipes and manholes and remove major inflow sources identified. 

The first and second approaches are considered “comprehensive rehabilitation.”  A comprehensive 

rehabilitation approach consists of rehabilitating every foot of sewer line to eliminate all potential 

points of entry for RDII. 

Experience has shown that the greatest cost/benefit ratios can be achieved by comprehensive 

rehabilitation of those sewersheds area with the greatest level of deterioration.  Benefits may be 

reduced significantly for sewersheds with lower levels of extraneous flow. 

The third approach is point rehabilitation, which repairs localized defects identified from inspection 

and focuses on SSOs resulting from structural and maintenance problems rather than RDII.  

However, there is the potential to identify specific defects that are significant sources of RDII.  This 

approach does not include rehabilitating the laterals, and thus is not as effective in reducing RDII 

as the comprehensive approach. 

Because of the time and cost required, and the uncertainty in peak flow reductions provided, sewer 

system rehabilitation is best used as one part of an overall program that also includes other capacity 
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improvement options, such as relief sewers and pumping station upgrades.  However, rehabilitation 

is an important part of all utilities’ ongoing O&M programs to prevent high levels of RDII and to 

ensure that the sanitary sewer system continues to operate as designed.  

When considering rehabilitation, lifecycle costs and benefits should be considered.  Sanitary sewer 

systems continually deteriorate over time.  While generally accepted design life for the materials 

used to construct sewers is on the order of 20 to 30 years, these sewers are called on to provide 

service for 50 years and longer.  While comprehensive rehabilitation approaches previously 

described have higher initial costs, the collection system is revitalized both structurally and 

hydraulically, and the service life of the sewers can be extended significantly.  A point-repair 

approach is less costly, but it may not adequately control system deterioration.  In addition, 

migration of infiltration from the repaired defect to defects not addressed by the point repair 

approach may significantly reduce the effectiveness of this approach in reducing RDII.  The 

potential need for a continuing series of spot repairs may be more costly and less effective than a 

comprehensive rehabilitation approach.   

The best approach will vary from system to system, and pilot rehabilitation projects that include 

pre- and post-rehabilitation flow monitoring to determine the RDII reduction success of different 

approaches within each system are recommended.  The validity of these RDII reduction 

assumptions is critical to the success of the recommended sewer improvements program. 

Pipeline and Manhole Repair, Rehabilitation and Replacement - The most widely used 

rehabilitation techniques involve liners, but also include panel systems and coatings.  Replacement 

can be accomplished through either conventional open-cut or trenchless methods, which are 

techniques that minimize soil disruption.  Most trenchless techniques use the old pipe as a guide or 

require a carrier pipe.  Various trenchless methods are listed under pipeline replacement and 

pipeline rehabilitation in Figure D-3. 

 

Figure D-3:  Sewer System Rehabilitation Techniques 
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Reporting on Efficacy of RDII Reduction Programs - Periodic reporting on program 

effectiveness to the program stakeholders is necessary.  Governance boards that approve funding or 

otherwise authorize implementation will likely scrutinize the quantitative program results and how 

they were accomplished.  Thus, it is important to consider reporting needs when establishing the 

supporting flow monitoring and modeling efforts, program controls, pre- and post-improvement data 

collection/management methods and reporting protocols. 

The following references provide guidelines and tools for: setting sewer condition assessment and 

rehabilitation priorities; evaluating cost-effectiveness using a return on investment approach; pre- 

and post-sewer rehabilitation flow monitoring; RDII characterization; data evaluations; and 

documentation. The EPA references provide free software tools and methodologies for setting sewer 

condition and rehabilitation priorities, properly characterizing RDII under pre-and post-sewer 

rehabilitation conditions and statistical means to determine the reduction levels from rehabilitation 

efforts. The WEF/ASCE reference provides a method of evaluation of sewer rehabilitation 

effectiveness using documentation, quality assurance and return-on-investment. 

1. 2012 EPA Publication http://nepis.epa.gov/Adobe/PDF/P100G00U.pdf 

2. 2007 EPA Publication http://nepis.epa.gov/Adobe/PDF/P1008BBP.pdf; 

http://www2.epa.gov/water-research/sanitary-sewer-overflow-analysis-and-planning-

ssoap-toolbox. 

3. WEF/ASCE Manual of Practice, FD-6 Existing Sewer Evaluation and Rehabilitation 

http://nepis.epa.gov/Adobe/PDF/P100G00U.pdf
http://www2.epa.gov/water-research/sanitary-sewer-overflow-analysis-and-planning-ssoap-toolbox
http://www2.epa.gov/water-research/sanitary-sewer-overflow-analysis-and-planning-ssoap-toolbox
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Attachment 1 

Flow Reduction Program Information 

Large Sewer Authorities with Frequently Cited Flow Reduction Programs 

 East Bay Municipal Utilities District (EBMUD) – serving eastern side of San Francisco Bay 

 Hampton Roads Sanitation District (HRSD) – Southeast Virginia 

 Massachusetts Water Resource Authority (MWRA) – metropolitan Boston area 

 Metropolitan Council Environmental Services (MCES) – St, Paul, MN 

 Milwaukee Metropolitan Sewerage District (MMSD) – Milwaukee, WI 

 Renewable Water Resources (ReWa) – Greenville, SC 

Example Program Descriptions in Publications  

Water Environment Federation (WEF), A Regional Approach to Private Property I/I Mitigation, 

Hubbard, Phil; Wilson, Christopher; Proceedings of the WEF, Collection Systems 2012, January 

2012, pp. 599-609 

WEF.  A Tale of Two Programs - A Comparison of Two Regional Private Property I/I Abatement 

Programs,  Hubbard, Phil; Flogel, Jerome; Stahr, Richard; Scarano, Jeff; Lukas, Andy, Proceedings 

of the WEF, WEFTEC 2012: Session 11 through 20, January, 2012, pp. 1168-1181 

WEF.  Coordinating Regional Efforts to Protect Valuable Assets: Working Cooperatively with 

Satellite Municipalities, Jensen, Debra; Simmons, Thomas, Proceedings of the WEF, Collection 

Systems 2009, January, 2009, pp. 95-106 

WEF.  Development of Milwaukee MSD’s Private Property Infiltration and Inflow Control Program, 

Gonwa, Willie; Simmons, Thomas F.; Schultz, Nancy U., Proceedings of the WEF, Collection 

Systems 2004, January, 2004, pp. 237-266 

ReWa (Renewable Water Resources), Inflow & Infiltration Reduction: A System-Wide Sewer 

Rehabilitation Program, January, 2012 

Massachusetts Water Resources Authority (MWRA), MWRA Annual Infiltration and Inflow (I&I) 

Reduction Report for Fiscal Year 2014, August, 2014 

Metropolitan Council Environmental Services, Ongoing Infiltration/Inflow Reduction Program 2014 

Procedure Manual, July, 2013 

Hampton Roads Sewer District, Regional Wet Weather Management Plan – Annual Update, 

Volume 5, Issue 1, February, 2013 
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Effectiveness of Public and Private RDII Reduction  

Projects and Programs  
 

WEF. A Regional Approach to Private Property I/I Mitigation, Hubbard, Phil; Wilson, Christopher; 

Proceedings of the WEF, Collection Systems 2012, January 2012, pp. 599-609 

Water Project Showcase. A Simplistic Approach to Dependent Infiltration, crain, Jason; Baldwin, 

Jennifer; and Morgan, Holly, September, 2014, pp. 20-22 

King County, Washington. Pilot Project Report - King County Regional I/I Control Program, 

October, 2004 

North American Society for Trenchless Technology (NASTT), Successful I/I Reduction: Four 

Documented Cases, Miles, Wayne, NO-DIG 2006 Conference Proceedings, Paper F-1-02, March, 

2006 

East Bay Municipal Utility District. Revised Final Flow Modeling and Limits Report, September, 

2012 

WEF. Holistic Sewer Rehabilitation — Measures of Effectiveness, Batman, Shelton, Paul J.; 

Shelton, James W.; Travis, John Paul; Proceedings of the WEF, WEFTEC 2011: Session 41 through 

50, January, 2011,  pp. 2448-2461 

WEF. How Effective is Collection System Rehabilitation?, Dent, Shawn; Ohlemutz, Rolf; Wright, 

Leonard; Sathyanarayan, Priya; Proceedings of the WEF, Collections systems 2004,  January 2004, 

pp. 139-152 

WEF. How Much Water Weight Have You Lost? Quantifying Rehabilitation Effectiveness in the 

Collection System, Campbell, Shannon Jay; Zhang, Zhiyi; Brooks, Jason, Proceedings of the WEF, 

Collection Systems 2011, pp. 849-863 

WEF.  Less Leaks, More Capacity, Dawood, Tony H.; Nicholson, Mike; Water Environment and 

Technology Magazine, November 2012, pp. 37-39 

WEF. Making Sense of I/I Reduction Case Studies: We're Swimming in Data, But What Does It All 

Mean?, Oriol, Heidi G.; Tran, Jenny H.; Kepke, Jacqueline T.; Cunningham, Richard; Proceedings of 

the WEF, Collections Systems 2013, January 2013, pp. 92-116 

WEF. Method to Verify I/I Reduction to Obtain Moratorium Relief, Kurz, George E.; Colvett, Kevin; 

Proceedings of the WEF, Collection Systems 2009, January 2009, pp. 643-654 

WEF.  MSD St. Louis – Bonfils I/I Removal Pilot Study – Bust or Lucky Strike, Beck, Gary S.; 

Moore, Gary; Proceedings of the WEF, Collection Systems 2013, January 2013, pp. 606-624 
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WEF. Realistic I/I Reduction: What Can We Really Remove?, Oriol, Heidi G.; Tran, Jenny H.; 

Kepke, Jacqueline T.; Cunningham, Richard; Proceedings of the WEF, WEFTEC 2013: Session 10 

through Session 19, January 2013, pp. 1054-1078 

ReWa (Renewable Water Resources), Inflow & Infiltration Reduction: A System-Wide Sewer 

Rehabilitation Program, January, 2012 

WEF. Achieving Infiltration/Inflow Removal Goals with a Comprehensive Approach, Kunay, 

Jonathan; Ross, Paul E., Proceedings of the WEF, WEFTEC 2012 

WEF. Unique Performance Based I/I Reduction Contract Exceeds Goal, Bible, David, Proceedings of 

the WEF, Collection Systems 2007, January 2007, pp. 644-651 

WEF. Achieving Infiltration & Inflow Removal Goals with a Comprehensive Approach, Kunay, 

Jonathan; WEFTEC 2014, Workshop Presentation: Establishing Sound Pre- and Post-Sewer 

Rehabilitation I/I Assessment Goals and Strategies, 2014, pp. 1-35 

WEF. WERF: Peak RDII Flow Reduction: Case Studies and Protocol, Merrill, M. Steve; Lukas, 

Andy; Proceedings of the WEF, WEFTEC 2004, Session 41 through Session 50, January 2004, pp. 

485-502 

EPA.  http://nepis.epa.gov/Adobe/PDF/P100G00U.pdf   
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RDII Monitoring and Analysis Approaches and Methods 

 
WEF. A Process of Elimination – A New Entrant in Sewer Evaluatins Removes Unlikely I/I Sources 

First, Saving Resources for Priority Areas, McGillis, Rich; Barton, John M.H. and Kamalesh, 

Joseph, Water Environment and Technology Magazine, August 2014, pp. 66–69 

WEF. A Summary of Footing Drain Flow Studies: Residential Footing Drain Flows and Their Role 

as a Significant Cause of SSOs and Wet Weather I/I, Stonehouse, Marc C.; Hilbers, Grant; 

TenBroek, Mark J., Proceedings of the WEF, WEFTEC 2003, Session 41 through Session 50, 

January 2003, pp. 491-519 

WEF. Basin Size is the Magic Knob for Controlling Costs of RDII Reduction Projects, Stevens, 

Patrick, Proceedings of the WEF, Collection Systems 2012, January 2012, pp. 774-783 

WEF. Basin Size Optimization Forecasts Savings of 190 Million for PRASA, Keefe, Peter; Doble, 

Alejandro; Rowe, Reggie; Quinones, Adamaris; Perez, Juan, Proceedings of the WEF, WEFTEC 

2009: Session 21 through Session 30, January 2012, pp 1431-1439 

WEF. Building a Better Business Case for Funding Sewer Rehabilitation, Miles, Wayne; Moyer, 

Jack; Ridge, Joe, Proceedings of the WEF, Collection Systems 2004, January 2004, pp 558-566 

WEF. Convey Your Storm Water and Plug Your Holes! A Proven Means of I/I Reduction with 

Private Property Improvements and Trenchless Sewer Rehabilitation, Fallara, C. Timothy,  

Proceedings of the WEF, Collection Systems 2013, January 2013, pp. 45-73 

WEF. Evaluation of Life-Cycle Costs and Cost/Benefit Analysis in Comparing Sewer Replacement 

Versus Sewer Rehabilitation, Killips, John; Gamble, Chad, Proceedings of the WEF, Collection 

Systems 2013, January 2013, pp. 537-549 

WEF, Evaluation of Sewer System Rehabilitation via Flow and Storm Data Analysis, Zhang, Z., 

Proceedings of the WEF, Collections Systems 2011, January, 2011, pp. 333-344 

WEF. Find and Fix Rehabilitation Program Producing I/I Reduction Successes for City of Suffolk, 

VA,: Ziesemer, Craig; Frie, Shelly; Holloway, Dan; Donnelly, Matthew; Moran, Jarrett; Rowe, 

Reggie, Proceedings of the WEF, Collections Systems Conference 2011, January 2011, pp. 355-360 

WEF. Hydraulic Model Methodology for Evaluating Sewer Rehabilitation Projects, Bechara, 

Alberto; Kokorian, Vahe; Chioke, Uche; Ahmad, Rasheed, Proceedings of the WEF, WEFTEC 2011: 

Session 81 through Session 90, January 2011, pp. 5939-5954 

WEF. If I Had This To Do Over - A Twelve Step Program to Successfully Measure Sewer 

Rehabilitation, Stevens, Patrick L., Keefe, Peter N., Proceedings of the WEF, Collection Systems 

2011, January 2011, pp. 731-758 
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WEF. Making Sense of Private RDII from Footing Drains, Sherman, Benjamin J; Perala, Pete; 

Stonehouse, Marc C., Proceedings of the WEF, Collection Systems 2006, January 2006, pp. 214-225 

WEF. Measuring Successful Rehabilitation, Keefe, Peter; Kimbrough, Hal, Proceedings of the WEF, 

WEFTEC 2002: Session 1 through Session 10, January 2002, pp. 518-522. 

WEF. Sewer System Rehabilitation Guidelines – More Bang for Your Buck, Germain, Rudolph St.; 

Becker, Joseph; Mansour, Sal; Cruice, Kevin P., Proceedings of the WEF, WEFTEC 2003: Session 61 

through Session 70, January 2003, pp. 353-362. 

WEF. WERF INFR4R12-Sewer Lateral Electro Scan Field Verification Pilot, Lukas, Andy; Flogel, 

Jerome; McMullin, Julie; Plier, Andrew; Skipper, Gary, Proceedings of the WEF, Volume 13, 

Number 12, January 2013, pp.4635-4657. 
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Three Rivers Wet Weather Feasibility Study Working Group 

Source Flow Reduction Cost Effectiveness Analysis 

Appendix C – Technical Research Summary Paper 



Feasibility Study Working Group 
Document 013 (completed) 

Guidelines for Performance of  
Source Flow Reduction Cost-Effectiveness Analysis 

 
Appendix C 

Technical Paper Research Summary 
March 3, 2011 

 
This FSWG Document 013 Appendix C presents an overview of Source Flow reduction 
experiences in Separated Sanitary Sewer Systems as reported in National Technical Journals, and 
local engineering reports.  To prepare this paper, the Proceedings for the WEF Collection 
Systems Annual conferences since 2001 were searched and papers presenting findings of various 
projects were reviewed and summarized. In addition, Demonstration Project Summary Reports 
included on the 3 Rivers Wet Weather, Inc. website were also downloaded and summarized as 
were internal technical memorandum specific to parallel replacement. Those papers that were on 
point have been listed and findings are summarized below.  
 
Overview 
 
The effectiveness of Source Flow Reduction as an alternative to contain/convey/store/treat has 
been the subject of much controversy for many years on both a local and national level.  A 
review of the available literature uncovers an issue replete with apparent contradiction ranging 
from highly successful to woefully unsuccessful project findings. Varying project analytic 
techniques including pre-project scope evaluations (i.e. defect or flow based rational), flow 
monitoring, variant hydrologic conditions, measures of success, rehabilitation methodology, 
extent of rehabilitation (i.e. public vs. private)  and a myriad of other factors combined render 
definitive conclusions on effectiveness of source flow reduction difficult. What can be concluded 
is that, for the most part, properly planned rehabilitation projects have demonstrated a significant 
level of success in terms of reduction of RDI/I flows as measured by flow monitoring at the 
subsystem level. Quantifying the success rate in a manner that can be relied upon and translated 
to a proposed project is another matter entirely. The literature clearly indicates success rates in 
excess of 70% on a subsystem level appear to be achievable. For properly scoped projects, that is 
projects based on flow based analysis as opposed to “search and fix” methods, higher success 
rates can be anticipated. 
 
Most projects base their estimates of success on pre- and post-project flow monitoring findings at 
a specific bottom of shed site. However, in many instances comparative hydrologic regimes 
and/or volumetric precipitation and antecedent groundwater conditions are not discussed. As a 
consequence representations of source flow reduction success are difficult to ascertain and 
verify. Additionally some projects address peak rates of flow while others address volumetric 
removal. Given inherent monitor inaccuracy and the simple “in nature” volatility of peak flow 
rates, any representation of flow reduction based solely on monitored flow rates should be 
viewed with a jaundiced eye. For those instances where single site monitoring is utilized to 
assess effectiveness a “standardization” approach involving use of pre- and post-project 
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monitoring and evaluation for either the 10 year or 5 Year return Storm Qp has been suggested.1 
2.  Later variations include the use of calibrated SWMM H&H models to “project” the 5 Year 
Return Storms and compare the projected storm parameters to establish effectiveness.3

 
  

The following paragraphs provide a brief synopsis of each of the articles or Reports reviewed 
pursuant to this document: 
 
In Search of Valid I/I Removal Data: The Holy Grail of Sewer Rehab?  
WERF: Predictive Methodologies for Determining Peak Flows After Sanitary Sewer 
Rehabilitation ,Lukas, and Merrill - Brown and Caldwell, Palmer, R.and Van Rheenan, N.- 
University of Washington 
 
Synopsis: This technical paper presented a proposed research project and recommendations for a 
standardized protocol for analyzing and reporting on I/I removal effectiveness. The paper also 
presented findings for two studies utilizing the suggested protocol. The intent of the protocol is 
to provide a mechanism whereby “actual” effectiveness could be measured on a standardized 
basis (Peak Rate of flow for a stated Design Return Storm) and “predicted” based on 
implementation of the various methodologies available. For the two projects analyzed using the 
proposed protocol RDI/I reduction of 17% was projected for wholesale mainline replacement. 
This projection is increased to 67% with inclusion of laterals RDI/I reduction. In a third basin, 
where only 20% of the laterals were replaced, projected reduction was 50% for the design storm 
(once in 10 Year Peak Hour flows.) Volumetric reductions were not addressed). 
 
Water Environment Federation, Collection Systems 2007 
Update on a Nationwide I/I Reduction Project Database, Andy Lukas, Brown and Caldwell  
 
Synopsis: This paper is a follow up to the prior paper that addressed standardization of reporting 
on I/I removal effectiveness. Twenty Four (24) projects are reported to be included in the data 
base used to develop the concept. No actual detail of rehabilitation techniques or approaches 
implemented is provided. The use of the peak hour flow rate for the 5 Year Return Storm (QP5YR) 
as a datum for comparison of effectiveness is suggested. The paper also presents and discusses 
eight (8) “Normalization” techniques which the author suggests “…can be much more useful as 
they provide a way to include several variables that affect the outcome of the project.” This 
analysis includes a number of “scatter graphs” to illustrate the normalization technique 
effectiveness. Of note is the conclusion: “…Scatter is again apparent in this presentation.  The 
consistent scatter of these graphs point to percent removal as a poor method of comparing 
project results.  The paper concludes with: “The author strongly encourages system owners to 
invest in gathering and reporting I/I project work according to the WERF protocol.” 
 

                                                 
1 “In Search of Valid I/I Removal Data:  The Holy Grail of Sewer Rehab? WERF: Predictive Methodologies for Determining Peak Flows After 
Sanitary Sewer Rehabilitation”, Lukas, and Merrill - Brown and Caldwell, Palmer, R. and Van Rheenan, N.- University of Washington 
2 Water Environment Federation, Collection Systems 2007,”Update on a Nationwide I/I Reduction Project Database “,Andy Lukas, Brown and 
Caldwell 
3 Collection Systems 2004, Water Environment Federation, “How Effective is Collection System Rehabilitation?”, Dent, S, Wright, L.  and 
Sathyanarayan,P. – Carollo Engineers, Rolf Ohlemutz – Vallejo Sanitation and Flood Control District  
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3 Rivers Wet Weather Demonstration Project Allegheny County, PA 
Lennon, Smith, Souleret Engineering Inc, Township of Scott, PAINTER’S RUN PHASE IA 
May 2003 
 
Synopsis: This project involved implementation of a “parallel replacement” approach in a 
residential collector subsystem involving only the “wettest” subunits of the project area. The 
rehabilitation work scope for this project was based on flow isolation studies directed at finding 
and isolating subunits that contribute elevated base infiltration rates under non-storm wet 
weather conditions. Less than 50% of the mainline footage was replaced with new sanitary 
sewers while the “old” sewer was converted to a neighborhood subsurface drain line.  
Implementation of a parallel replacement program yielded significant RDI/I flow reductions and 
eliminated chronic SSO’s and basement flooding. Inflow reductions exceeding 90% and 
infiltration reductions exceeding 70% were reported based on analysis and comparison of pre 
and post project flow monitoring. 
 
 
3 Rivers Wet Weather Demonstration Project Allegheny County, PA 
KLH Engineers, Inc., Township of Shaler Little Pine Creek Pilot Program, Final Report  
July 2004 Revised June 2006 Revised October 2006  
 
Synopsis: The rehabilitation work scope for this project was based on CCTV inspection findings. 
A combination of pipe replacement (1%), lining (38%) and joint sealing (16%) of about 55% of 
the total footage of mainline comprising this predominantly residential system is reported to have 
produced Dry Weather flow reduction of 94%, Max Wet Weather I/I reduction of 57%, 
Maximum Total I/I reduction of 64% and discrete storm flow reductions ranging from 34 to 
70%. These findings are based on paired comparisons of similar sized pre- and post 
rehabilitation storms ranging in size from 0.04 to 0.14 inches of volume. Monitored flow rates 
ranged from 0.054 mgd to 0.035 mgd. There is no indication the QA/QC was performed on the 
flow data. Given the every low precipitation and flow rates reported conclusions derived are 
problematic. 
 
 
3 Rivers Wet Weather Demonstration Project, Allegheny County, PA 
Gateway Engineers, Inc., Borough of Bridgeville, Report for 3 Rivers Wet Weather 
Demonstration Program, Pesavento Drive Rehabilitation Project  
May 30, 2006  
 
Synopsis: This project reports on implementation of a project selected for convenience to attempt 
to demonstrate the effectiveness of lining. Lining of 75% of the total mainline footage 
comprising this predominantly residential system, and removal of two sump pumps, is reported 
to have produced 47% volumetric reduction on a per edu basis. The conclusions are based on a 
single comparative event analysis. 
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3 Rivers Wet Weather Demonstration Project, Allegheny County, PA 
Chester Engineers, Bethel Park Municipal Authority, Ruthfred Acres Area Phase II Sanitary 
Sewer Replacement Project, Contract 2001-02  
September 2003  
 
Synopsis: This project involved In-trench replacement of 100% of the mainline footage and all 
man. Flow monitoring included three months of pre-construction monitoring between February 
through April 1999 and three months post-construction February through April 2003. Flow 
monitor QA/QC analysis is indicated. In trench replacement of 100% of the mainline footage and 
all manholes is projected to have produced a 70% storm I/I flow reduction for a one year return 
storm. 
 
 
3 Rivers Wet Weather Demonstration Project, Allegheny County, PA 
Hunting Ridge Area Wye Grouting Project, Brown, J, (Municipal Authority of the Township of 
South Fayette) and Loehlein, M (Camp Dresser McKee, Inc.) 
September 2001  
 
Synopsis: This program focused on flow reduction associated with gel grouting of service 
laterals and wye connections. A test basin was selected and laterals air/pressure tested to check 
integrity. The project resulted in 94% of wyes and service laterals being grouted. Flow monitors 
were installed and maintained for upstream, downstream, and control basins. Monitors were 
maintained for 1 year prior and six months after project completion. QA/QC data analysis was 
performed. Flow data analysis concluded that there were no discernable flow reductions 
associated with this program “…there was no quantifiable wet weather benefit as a result of the 
rehabilitation efforts”. 
 
Water Environment Federation, Collection Systems, Inc. 2010 
Implementation Challenges of Public and Private Source Control to Eliminate SSOs 
Pressman et.al. Malcolm Pirnie, Inc., Hazen and Sawyer,  
 
Synopsis: This technical paper discussed prior efforts involving primarily (“find and fix”) defect 
repairs as a method of source reduction and subsequent engineering evaluations of two possible 
additional alternatives. Regarding the implemented “find and fix” defect repair option it was 
concluded that “The effectiveness of removing I/I through these improvements is inconclusive”. 
The two additional alternatives evaluated, but apparently yet to be implemented, included: 
“Conduct public and private I/I removal and any necessary storm improvement to convey 
additional flow” and “Construct new gravity sewer to convey peak flows…”. Projections of flow 
reduction are presented however findings are not indicated. The engineering analysis concluded 
that “private source removal and phased ‘rehabilitation’ was the recommended approach.   
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Collection Systems 2007 Water Environment Federation. 
Unique Performance-Based I/I Reduction Contract Exceeds Goal  
Bible, D – ARCADIS U.S., Inc.  
 
Synopsis: This technical paper discussed the outcome from a “find and fix” …“performance 
based construction contract” that reports on flow reduction as computed based on a 5 year, 24 
hour storm event. Limited pre (7 months) and post (6 months) flow monitoring provided the data 
base for evaluating reductions. As shown in the performance table 4 of 6 sites demonstrated 
increases in the 5 year flows while 2 show flow reductions. Nonetheless, overall a 41% reduction 
was claimed. No analysis or discussion of precipitation for the monitoring periods was presented 
so climatic impact is unknown.  
 
 
Collection Systems 2007, Water Environment Federation 
70 Percent I/I Reduction – Sweet Home, Oregon Aims High with Collection System Management 
Best Practices, Scarano, J.  Brown and Caldwell 
 
Synopsis: This technical paper presents a largely theoretical computation of Peak flow reductions 
based on projected 5 year return storms computed via H&H models. Five years of flow monitor 
data was collected including use of DataGator meters. The flow data was used “to develop 
hydrologic models to predict theoretical peak hour flows” and to assess post rehabilitation 
modeling. Hydrologic calibrations were developed for the pre- and post-construction 
monitors…” A series of projects involving CCTV based rehabilitation of 8 percent of its 
collection system and over 9 percent of the service laterals was completed is 2003 -2004 Three 
types of rehabilitation projects were implemented: full (all pipe), mainline only, and lateral only. 
Rehabilitation techniques/methodologies are not indicated. . Peak flow reductions ranging 
between 11 % and 88% are “predicted”. Flow reduction associated with rehabilitation of 
“mainlines only” is projected at 11%, for full rehabilitation it is projected to be 88%, and for 
laterals only averaged 18%. No actual flow volume reductions are presented. 
 
 
Collection Systems 2004, Water Environment Federation 
How Effective is Collection System Rehabilitation?   
Dent, S, Wright, L.  and Sathyanarayan, P. – Carollo Engineers  
Rolf Ohlemutz – Vallejo Sanitation and Flood Control District  
 
Synopsis: This technical paper presents findings of a pilot program that included comprehensive 
rehabilitation of both mainlines and mainlines and laterals in 5 test basins. Pre and post flow 
monitoring/model calibration to establish findings was considered acceptable in only two of the 
five test basins. A calibrated SWMM H&H model was used to “normalize” the data and project 
the 5 Year Return storm volume and rate of flow reductions. The test basin wherein only service 
lateral rehabilitation was completed was found to be equally as effective as the basin with both 
lateral and mainline rehabilitation and lesser cost (i.e. more cost effective.). The projected 5 Year 
storm reductions associated with a comprehensive rehabilitation program averaged 28% for Peak 
Flow Rate and about 30% for design storm volume. 
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Pleasant Hills Flow Reduction Analysis 
Lennon, Smith, Souleret Engineering, Inc. 
Internal Communication July 2010 
 
Synopsis: This technical memorandum documented the methodology used to determine percent 
capture in the C-11C subarea of Pleasant Hills using pre (February 1997 through July of 1999) 
and post (January 2003 through December 2009) construction hourly flow data.  This 
memorandum included details on the procedures used for data QA/QC, Storm Deconstruction, 
RTK analysis and Design Storm comparison and summarized the results for both RDII Storm 
Response peak flow and volume. Flow Monitor data is quantified / qualified as follows: 
 

Monitor C-11C QA/QC Data Quality Breakdown 
 Pre Construction Post Construction 
Meter Months of 
Data 

26 75.75 

Type 1 Data 93% 86% 
Type 2 Data 4% 1% 
Type 3 Data 3% 13% 

 
RTK processing was performed using the 3RWW PM Team RTK Calculator tool. 3RWW PM 
Team design storm time series and distributions for the 1, 2, 5 and 10 year storms were 
processed using average RTK values for both winter and summer months. Comparative tables 
presenting the monthly and seasonal RTK values are presented below. 
 

Regression Analysis Monthly Summary 
 Pre Construction Post Construction  

 
RDII 
Response 
% Reduction 

Storm Count RDII 
Response 

Volume for 1 
Inch of 
Rainfall 
(inches) 

R2 Storm Count RDII 
Response 

Volume for 1 
Inch of 
Rainfall 
(inches) 

R2 

Overall 40 0.0741 0.8261 95 0.0322 0.4207 57% 
Winter 19 0.0902 0.871 39 0.039 0.5489 57% 
Summer 16 0.0638 0.752 45 0.0222 0.5304 65% 
January 1 NA NA 2 0.059 1 NA 
February 0 NA NA 2 NA NA NA 
March 7 0.0761 0.8727 4 0.0527 0.9060 31% 
April 4 0.0824 0.8556 8 0.0526 0.7385 36% 
May 5 0.0767 0.9734 8 0.0928 0.8557 NA 
June 10 0.049 0.4354 17 0.0284 0.5557 42% 
July 3 0.0247 0.9077 10 0.0159 0.942 36% 
August 3 0.0701 0.9999 15 0.0208 0.6535 70% 
September 1 NA NA 5 0.0207 0.9597 NA 
October 1 NA NA 11 0.0425 0.6378 NA 
November 5 0.0895 0.9257 8 0.0697 0.7248 22% 
December 1 NA NA 4 0.1057 0.3309 NA 
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Regression equations for each month were used to calculate RDII volume based on one inch of 
rainfall.  As shown in the Table RDII volume reductions ranged from 22% to 70%. The results of 
the design storm comparison for RDII peak flow rate and volume using the seasonal RTK values 
are shown in the following tables.  As shown, a range of 27% to 44% RDII volumetric reduction 
and 16% to 53% peak flow rate reduction was achieved.   
 

Design Storm RDII Peak Flow Comparison 
10 Year Storm Event 

 
Season 

Pre- Construction 
RDII Peak Flow 
(MGD) 

Post- Construction 
RDII Peak Flow 
(MGD) 

 
% Difference 

Summer 3.04 1.43 53% 
Winter 1.68 1.42 16% 
 
 
 

Design Storm RDII Volume Comparison 
10 Year Storm Event 

 
Season 

Pre- Construction 
RDII Volume (MG) 

Post- Construction 
RDII Volume (MG) 

 
% Difference 

Summer 0.74 0.41 44% 
Winter 0.83 0.60 27% 
 
Table 8 shows the average monthly R value representing the capture percentage from the RTK 
analysis.  The table indicates that average RDII capture reductions on a monthly basis range from 
28% to 59% for months where multiple monthly data sets were available for averaging.   
 

Total R Value Monthly Average 
Percent Reduction 

 

Pre-
Construction 

Average R 

Post-
Construction 

Average R 
Percent 

Reduction 
June 3.6% 2.6 % 28% 
July 2.4% 1.0% 58% 

August 4.1% 1.7% 59% 
October 2.6%1 3.5% -35% 

November 4.6% 2.4% 49% 
December 8.1%1 4.8% 41% 
January NA 4.9% NA 
February 5.3%1 7.4% -40% 

March 6.7% 4.0% 40% 
April 6.5% 4.0% 38% 

1 Indicates only one month of data available for analysis 
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GWI reduction was analyzed by unitizing flow per inch of rainfall as shown in Table 9.  
Comparing average annual unitized GWI data for individual years indicates a 47% reduction in 
GWI when comparing average GWI volume per inch of rainfall. 
 
 
 
Summary and Conclusions 
 
 
SUMMARY 
 
With very few exceptions, much of the RDI/I source reduction literature reports on projects that 
are based on macro scale pre-program (basin or sub-basin) wide assessments of infiltration and 
inflow. Although the intent of these programs is source flow reduction few were predicated on 
pre-program micro analysis of the origin of RDI/I flow. Although the rehabilitation work scope 
was performed at the subunit level the hydrologic analytic methods typically do not consider or 
focus on subunit measured flows.  
 
If anything history has demonstrated that source flow reduction based on “search and fix” for 
observed structural defects is not a successful basis for predicting or achieving source flow 
reduction success. As a result there is a prevailing belief that source flow reduction is “hit or 
miss”. This thinking has pervaded regulatory philosophy to the detriment of regional hydrology.  
 
CONCLUSIONS 
 
The FSWG has indicated its desire to establish guidance type flow reduction estimates for 
sanitary sewers for the various types of rehabilitation identified. After discussion it has been 
concluded that broad based representations of achievable flow reduction at the macro level 
cannot be reasonably presented (i.e.  that is forward projections of reduction achievable absent 
detailed micro level analysis). Alternatively, it is recommended that source flow reduction 
estimates be predicated on flow isolation studies and micro level (i.e. subunit) analysis via the 
CEP Tool (see FSWG Document 013 Appendix B).  The CEP Tool provides an overall summary 
estimate of source flow reduction potential based on rehabilitation technology evaluated (see the 
attached/following CEP Tool example Option Summary sheet; Parameters and Methods table; 
and Construction Methods table.  Note that the Construction Methods table shows the default 
GWI and RDII removal percentages for the Tool’s various standard construction methods).  This 
CEP Tool summary estimate should be compared to the macro level flow reductions presented 
herein and an engineering judgment of achievability made based on the comparison as to the 
reasonableness of the estimate.  
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POTENTIAL GSI PROJECTS / 

OPPORTUNITIES & DRAINAGE AREAS 

E.1  Introduction/Purpose 
3 Rivers Wet Weather (3RWW) was invited by ALCOSAN to participate in the Source Control Study 

due to 3RWW’s prior work in the ALCOSAN service area to develop a process to identify site 

locations for installation of green stormwater infrastructure (GSI).  While almost any site can be 

adapted for the installation of GSI by soil modification or extensive drainage modifications, the 

3RWW process uses established design criteria to identify site locations that may be well suited for 

GSI without extensive modification.  The purpose of the 3RWW work, as described in this Appendix, 

was to provide municipalities with a graphical representation of the site locations where GSI would 

find favorable conditions.  This would be the first step in the evaluation of various sites leading to 

improvements to decrease the volume of stormwater entering the combined sewer systems within 

their municipalities.  Such improvements could be a component of alternatives to increased 

conveyance to the regional collection system.   

E.2 Background 

E.2.1 Pilot Project 
3 Rivers Wet Weather (3RWW) and their Program Management Team (Michael Baker 

International; Lennon, Smith, Souleret Engineering; and Wade-Trim) developed a process to 

identify sites suitable for green infrastructure projects.  The process was applied and refined in the 

Nine Mile Run, Girty’s Run, and McNeilly Run sewersheds during 2012 and 2013.  A report titled 

Evaluation of the Feasibility of Green Infrastructure Implementation was completed in May, 2013.   

E.2.2 ALCOSAN Regional Source Control Study 
A Green Stormwater Infrastructure (GSI) Evaluation process was subsequently applied for the 

ALCOSAN Source Control Study to identify potential projects for municipal and commercial 

implementation.  The GSI Evaluation process was applied to twenty-nine specific Study Areas in 

the ALCOSAN service area.    These Study Areas generally comprise the combined sewer areas 

tributary to the ALCOSAN regional conveyance/treatment system. The 29 Study Areas are listed on 

and shown graphically in a full size map, Figure E-1 – Potential GSI Retrofit Projects Study Areas.   

E.3 Project Identification Methodology and Approach 
E.3.1 Methodology Overview 
The GSI Evaluation process is initiated with the application of the U.S. Environmental Protection 

Agency’s (EPA) SUSTAIN (System for Urban Stormwater Treatment and Analysis IntegratioN) 

program Best Management Practices (BMPs) siting module.  SUSTAIN utilizes GSI placement 

screening criteria and GIS mapping data to overlay and identify areas best suited to implement 

certain BMPs to control stormwater.  The output from the SUSTAIN BMP siting module is a GIS 

Shapefile presenting polygons, or features that identifies these locations.  A GIS-facilitated, 

engineering-judgment-based, post-processing screening methodology is then applied to refine the 

polygons and identify potential Concept GSI projects from the SUSTAIN features.  Once the 
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Concept GSI projects were identified, software was used to determine the drainage areas to those 

projects.  The software-generated drainage areas were then reviewed by the engineering staff to 

assess reasonableness of the results and to make adjustments as necessary.  The outcomes for each 

of the 29 Study Areas are presented individually and summarized in the following sections of this 

Appendix. 

E.3.2 EPA SUSTAIN  
EPA’s website describes SUSTAIN as “… a decision support system that assists stormwater 

management professionals with developing and implementing plans for flow and pollution control 

measures to protect source waters and meet water quality goals. SUSTAIN allows watershed and 

stormwater practitioners to develop, evaluate, and select optimal best management practice (BMP) 

combinations at various watershed scales based on cost and effectiveness.”  SUSTAIN has many 

components, however for this GSI Evaluation process, only the BMP siting module was used to 

identify the locations best suited to implement the following BMPs: 

1. Permeable Pavement; 

2. Bioretention Basins; 

3. Infiltration Basins; 

4. Grassed Swales; 

5. Vegetated Filter Strips; and 

6. Constructed Wetlands. 

 

EPA SUSTAIN National (Default) BMP Siting Criteria 
SUSTAIN performs a GIS layer overlay comparison of available databases of the following site 

characteristics: a)drainage area, b) drainage area slope, c) imperviousness, d) hydrological soil 

group, e) water table depth, f) road buffer distance, g) stream buffer distance, and h) building buffer 

distance against criteria established for each of the selected BMPs.   

EPA SUSTAIN Revised BMP Siting Criteria 
Initial analyses utilizing the default criteria produced features that were not consistent with known 

or identifiable ground conditions. As a consequence, these default values were reviewed by a 

committee of engineers and local green infrastructure professionals and were revised to better 

reflect conditions in Western Pennsylvania. During the initial pilot study, the results were reviewed 

for reasonableness and where necessary, the criteria were refined through successive SUSTAIN 

runs. The revised BMP siting criteria found to be more reasonable for Western Pennsylvania 

identified Land Uses are shown in Table E-1.   

 

 

 



 

E - 3 

Table E-1: 3RWW Sustain BMP Placement Criteria 

 

  

EPA SUSTAIN BMP Siting Module Results 
The output from the SUSTAIN BMP siting module is a GIS Shapefile presenting polygons (features) 

that identify these locations as meeting the “revised” siting criteria applicable to the BMP.   

The output from the SUSTAIN BMP siting module identified 561,372 features covering 43,260 acres 

and consisted of the following in Table E-2. 

 

 

 

Locations of all identified BMP features are presented graphically on in a full size map in Figure E-

2, SUSTAIN BMP Features. 

E.3.3 Conversion of SUSTAIN BMP Features to Concept GSI Projects 
Following identification of the BMP features, a GIS facilitated, engineering-judgment based, post-

processing screening methodology was utilized to identify potential Concept GSI projects from the 

SUSTAIN features.  This GSI Evaluation process resulted in the identification of three classes of 

Concept GSI Projects: 

1. Potential Municipal GSI Projects –This class of projects is comprised of undertakings that 

offer the potential to be owned, operated, and maintained by a municipal entity. Potential 

projects included Permeable Pavement, Bioretention, Infiltration Basins, Grassed Swales, 

Vegetated Filter Strips, and Constructed Wetlands; 

2. Potential Commercial / Institutional GSI Projects – This class of projects is comprised of 

undertakings that would be owned, operated, and maintained by a commercial/private land 

owner. Projects were limited to Permeable Pavement and Green Roofs; 

Table E-2:  SUSTAIN BMP Siting Results 

BMP Type # of Features Coverage Area (acres) 

Permeable Pavement 108,953 7,742 

Bioretention 177,273 14,585 

Infiltration Basins/Trenches 44,271 6,951 

Vegetated Filter Strips 98,416 8,597 

Grass Swales 123,917 5,191 

Constructed Wetlands 8,542 194 
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3. Potential Special Case GSI Projects – This class of projects is comprised of undertakings 

with unclear or complicated ownership. Potential projects included Permeable Pavement on 

State or County Roadways, GSI projects along the Port Authority of Allegheny County (PAT) 

Busways, and GSI projects with access limitations along railroads. 

 

Application of Screening Criteria for Municipal Projects 
The following generally describes the guidelines used for identifying potential GSI projects for the 

three classes listed above from the SUSTAIN BMP siting module shapefile output. 

As noted, the Concept Municipal GSI Projects represent GSI projects that could conceivably be 

owned, operated and maintained by local municipalities under the current Western Pennsylvania 

institutional framework.  The feature to concept screening process employed to identify potential 

Concept Municipal GSI Projects was performed by an engineer, reviewing each feature in relation to 

the surrounding features, land use, and drainage patterns, as follows:  

A. Overlay the SUSTAIN BMP features with GIS aerial imagery, state/county road GIS, and 

Google Earth’s street view feature. 

B. Focus on areas generally within the municipal rights-of-way or on vacant land that is easily 

accessible and that could potentially be acquired by the municipality.  No projects were 

identified in backyards of residential areas or on property that is privately owned and being 

used, such as parking lots or athletic fields. 

C. Avoid/exclude areas with existing tree cover. 

D. Focus on BMP features that achieve the “source flow reduction” intent by offering the 

potential to capture upstream tributary stormwater prior to entering combined sewer 

systems (i.e. not “end-of-pipe” projects). 

E. Focus on “Stand-Alone” BMPs, such as: Permeable Pavement, Bioretention, and Infiltration 

Basins. 

F. Other BMPs such as Grass Swales and Vegetated Filter Strips were looked at only if they 

could be used in conjunction (conveyance purposes) with a “Stand-Alone” BMP. 

G. Focus on Constructed Wetlands was limited to only areas where there was significant land 

available away from residential/commercial/institutional structures. 

H. Avoid/exclude placing Permeable Pavement on arterial roads (e.g. PennDOT owned/high 

traffic volumes), private roads, brick roads, gravel roads, or dirt roads. 

If the site was deemed suitable by meeting the above criteria for potential municipal GSI projects, a 

new GIS polygon was drawn by an engineer to represent a concept project at this location and it was 

these concept-project polygons that were carried forward in the analysis. It is recognized that these 

concept-project polygons are larger than the actual GIS facility would need to be.  The facilities were 

not sized during this analysis but would be refined during the project-specific design process.   

All newly drawn GIS polygons that represented potential Concept Municipal GSI Projects were 

given a Unique Identifier (UID) (BMP and Area) as listed in Table E-3: 

 


