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ABSTRACT 

This paper will present lessons learned from CH2M’s experience implementing hundreds of sustainable 
drainage systems (SuDS)/green stormwater infrastructure (GSI) projects across the United States (US). 
The paper provides a brief overview of SuDS drivers and large-scale SuDS programs in the US and 
examples of a number of proven strategies to reduce the cost of implementing and maintaining SuDS 
such as through integrated infrastructure, scale, and innovative public-private partnerships. Cost 
implications of varying design parameters such as sizing criteria, hydrologic loading ratio, and the use of 
regional versus distributed GSI systems will also be discussed.  Examples of implementing SuDS on 
private property will be presented along with information on the co-benefits of SuDS. Information from 
CH2M’s involvement with implemented GSI projects and large-scale programs (e.g., Philadelphia, 
Pennsylvania; Lancaster, Pennsylvania; and Onondaga County, New York) will be used.  
 

OVERVIEW OF SUDS/GSI IN US 

SuDS/GSI has been defined and described in many different ways – for the purposes of this paper the 
following definition from the U.S. Environmental Protection Agency (USEPA) is offered (emphasis 
added): 

“…EPA intends the term "green infrastructure" to generally refer to systems and practices that 
use or mimic natural processes to infiltrate, evapotranspirate (the return of water to the 
atmosphere either through evaporation or by plants), or reuse stormwater or runoff on the site 
where it is generated.” (http://water.epa.gov/polwaste/green/)  

It has also been given many names, and the following are some examples that generally are used to 
convey some of the same meaning as green stormwater infrastructure or sustainable drainage systems: 

green infrastructure, low impact development (LID), sustainable urban drainage systems (SUDS), 
sustainable stormwater management, conservation design, “Sustainable Sites” in LEED®, and 
water sensitive urban design (Australia) 

SuDS has become increasingly popular in the US since the late 1990s and has been endorsed by USEPA 
and many state and local governments.  National examples include the “Green Infrastructure Statement 
of Intent” between USEPA and a number of non-governmental organisations (NGOs) in April 2007, 
2008’s “Managing Wet Weather with Green Infrastructure: Action Strategy,” and USEPA’s Low Impact 
Development (LID) "Barrier Busters" Fact Sheet Series (March 2012 to August 2015).  Relatively early 
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state examples include the Pennsylvania Stormwater Best Management Practices (BMP) Manual (2006) 
and the Michigan Low Impact Development Manual (2008), both prepared largely by CH2M staff. 

Large SuDS programs in the US have largely been driven by regulatory pressure to reduce combined 
sewer overflow (CSO) discharges and municipal separate storm sewer system (MS4) pollution.  In 2009, 
Onondaga County, New York became the first program in the US that included GSI as part of its court 
order to reduce CSO discharges.  Since then, approximately 170 GSI projects have been retrofitted to 
capture 100 million gallons (379,000 m3) of stormwater from the combined system each year (Figure 1).  
In conjunction with the grey infrastructure that has been implemented as part of this balanced 
grey/green program (including 16.9 million gallons [64,000 m3] of combined sewage storage), the 
average annual capture and treatment of combined sewage is now estimated to be nearly 93 percent.  
Since the Onondaga County began, a number of large GSI programs have been established including 
Philadelphia, Pennsylvania; New York City; Washington, DC; Cincinnati, Ohio; Seattle, Washington; 
Lancaster, Pennsylvania; Kansas City, Missouri; Cleveland, Ohio; and Buffalo, New York.  In addition to 
implementing SuDS/GSI themselves, a number of communities throughout the US are also beginning to 
require strict stormwater controls as part of development and redevelopment activities.  Philadelphia, 
Pennsylvania was one of the first major cities to enact such regulations in 2006 (having just increased 
the capture requirements in July 2015).  Washington, DC followed suit in 2013 and several states also 
have SuDS-related requirements (Table 1). These requirements are equivalent to the non-statutory 
technical standards for sustainable drainage systems being implemented in England. 

 

Figure 1. Approximately 170 GSI projects have been completed since 2009 in Onondaga County, New York, capturing 
100 million gallons (379,000 m

3
) of stormwater annually. 
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Table 1. Example stormwater requirements for redevelopment in Eastern US 

Location Stormwater Requirement for Redevelopment Source 

New York State 
(NY) 

Water quality storm (~0.9 in. [23 mm]); up to 
75% reduction in requirement for specific site 
conditions 

New York State Stormwater 
Manual Update (2010) 

NY phosphorus-
impaired 
watersheds 

1-year storm (~2.25 in. [57 mm]); up to 75% 
reduction for specific site conditions 

New York State Stormwater 
Manual Update (2010) 

Binghamton, NY 
Onsite retention of 10-yr, 24-hr storm (~4 in. 
[102 mm]) 

City of Binghamton Code 
(Chapter 227, amended 2011) 

New York City, 
NY 

5-year storm release rate 
NYCDEP Guidelines (2012), The 
City Record (2012) 

Philadelphia, PA 
1.5 inches (38 mm) of runoff from directly 
connected impervious area 

Philadelphia Stormwater 
Regulations (revised July 2015) 

Pennsylvania 
No net increase in 2-yr, 24-hr storm (~3 in. [76 
mm]) w/ 20% of existing impervious treated as 
meadow 

PA Stormwater Manual, 2006 

Maryland 
Water quality volume (WQv) for 50% of 
existing impervious 

Stormwater Design for High 
Intensity Redevelopment 
Projects in the Chesapeake Bay 
Watershed (2011) 

Washington, 
D.C. 

Retention of 1.2-inch (30 mm) event, 0.8 in. for 
substantial renovation projects 

Chesapeake Stormwater 
Network (7/24/2013) 

Federal Facilities 
Reduce volume from 95th percentile rainfall 
(1.2 to 1.9 in. [30 to 48 mm]) 

Stormwater Design for High 
Intensity Redevelopment 
Projects in the Chesapeake Bay 
Watershed (2011) 

West Virginia 
Retain 1 in. (25 mm) rainfall (0.8 in [20 mm] for 
redevelopment*) 

West Virginia Stormwater 
Manual 

* Additional reductions may be offered for brownfields, high density, and transit oriented development, with the 
minimum being runoff reduction for a 0.25-inch (6 mm) rainfall.  

  

FACTORS INFLUENCING SUDS/GSI COSTS 

A considerable number of factors that can heavily influence the cost of SuDS/GSI are listed below and 
examples of several are subsequently discussed in more detail. 

 Performance requirements (e.g., capture volume, pollutant removal) 

 GSI/SuDS type and implementation mechanism 

 New construction vs. retrofit 

 Scale/size of project 

 Land use 

 Site specific location and accessibility constraints 



 

 Local market conditions 

 Slope and Soils (permeability, limiting layers, etc.) 

 Presence, density, and alignments of existing utilities 

 Space limitations/proximity to basements/structures 

 Visibility, importance of aesthetics, demonstration/education goals 

 Anticipated vehicular and pedestrian traffic 

 Land value (if acquisition is required) 

 Level of integration with other capital project needs 
 

Economies of Scale / Integrating GSI with Other Public Works Projects 

It is often assumed that constructing larger projects will reduce unit costs through economy of scale – 
and while this can be seen in some projects, often other factors such as location, level of competition 
(i.e., number of bids), and type and sophistication of green infrastructure elements can be more 
important. An analysis of 24 GSI projects designed or overseen by CH2M and recently constructed by the 
City of Lancaster (Pennsylvania) shows that larger projects did generally result in lower unit costs (2015 
dollars per impervious acre managed) for green alleys, projects constructed as part of a private-public-
partnership (P3) on private property, and public parking lots. Other factors, such as the level of 
integration with other planned infrastructure improvements, were more important for green streets 
(Figure 2).  For the award-winning Lancaster Brewing Company project, CH2M designed bioretention 
areas, permeable paver systems, and a cistern as part of traffic improvement project to reduce 
accidents, improve pedestrian mobility and safety, and reduce the speed of traffic entering a congested 
part of the city (Figure 3).      
  
This type of integration between GSI and other public improvements has been shown to potentially 
reduce the costs of GSI by 30 to 60 percent. At 6th Ward Park in Lancaster, PA, the City saved 
approximately 40% by integrating a porous pavement basketball court and stormwater infiltration 
system with other improvements planned at the park. The total constructed cost of the system was 
$116,000 (£75,000), however the planned conventional basketball court was estimated to cost (and 
budgeted for) $50,000. Therefore, the incremental, or “true” cost of the GSI in this case was only 
$66,000, a reduction of over 40% from the total project cost. In fact, the parking lot costs shown in the 
figure above are actually the total costs of the GSI and the reconstruction of public parking lots in need 
of improvements and therefore do not reflect the “true” cost of GSI but rather the cost of the GSI and 
the other infrastructure improvements (e.g., new conventional pavements, new signage, new pavement 
markings, and improved parking lot layouts) that were completed.    

http://chesapeakestormwater.net/the-bubbas/2014-winners/


 

 

Figure 2. While project scale is often an important factor in 
improving cost efficiency, other factors such as location, 
visibility, and aesthetics can be more important as 
demonstrated by these project costs from Lancaster, PA. (Note 
that 1 acre is 0.4 ha and $150,000/ac is £240,000/ha with the 
exchange rate at the time of publication.)  

 
Cost by GSI Implementation Program vs. GSI Type 

Costs by GSI technology, BMP, or SuDS type are more 
frequently reported in the literature. However, an 
analysis of 127 constructed GSI projects designed or 
overseen by CH2M from the Save the Rain program in 
Onondaga County, New York illustrates how costs varied 
by implementation mechanism or “GSI program” (Table 
2). Programs are formed by repeatable combinations of 
GSI technologies and the land uses they are applied to. 
Reporting cost by program also more clearly 
demonstrates the benefit of integrated programs in 
helping to lower implementation costs. For example, 
road reconstruction projects (those integrated with the 
City of Syracuse’s annual street construction work) were 
the most cost-effective at $129,000 per impervious acre 
managed (£207,000/ha), followed by green schools 
(sometimes integrated with school renovation projects) and projects completed under the County’s 
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Figure 3. SuDS incorporated with traffic improvements 
at Lancaster Brewing Company, Lancaster, Pennsylvania 



 

innovative GSI incentive program, the Green Improvement Fund (GIF). Green streets were more 
expensive on a unit drainage area basis as they often involved significant streetscape improvements 
(Figure 4). Figure 5 illustrates the trends in costs for each of the implementation programs as a function 
of impervious area managed. All programs except county-owned facilities trended to lower costs with 
additional area captured indicating that larger projects tend to be more cost effective than smaller ones. 
The county-owned facility program trended slightly upward indicating that other factors were more 
influential on cost than project size. This program includes several libraries and two projects at the 
Rosamond Gifford Zoo, therefore site specific conditions such as access and aesthetics were important 
factors in the project costs.  

 
Table 2. The GSI implementation mechanism, or program, can have a significant impact on cost, as illustrated in the 
following costs from Onondaga County, NY. (Note that 1 acre is 0.4 ha and $150,000/ac is £240,000/ha with the 
exchange rate at the time of publication.) 

GSI/SuDS Implementation 
Program 

Number of 
Projects 
Included 

Total Unit Area 
Cost ($/ac.) 

Average Project 
Cost ($/ac.) 

Median Project 
Cost ($/ac.) 

Road Reconstruction 10 $129,405 $142,215 $134,580 

Green School 5 $143,211 $198,744 $170,786 

Green Improvement Fund 68 $167,607 $252,575 $240,456 

Parking Lot 10 $221,931 $270,643 $249,810 

Vacant Lot Greening 4 $297,055 $296,284 $271,153 

Green Park 10 $306,331 $334,623 $363,152 

Green Street 13 $345,621 $423,527 $409,300 

County Facility 7 $396,917 $390,342 $391,954 

Green Roof 11 $715,490 $814,320 $822,496 

        



 

 

Figure 4. CH2M's Water Street Gateway SuDS project involved significant streetscape improvements and therefore 
costs were higher on a unit area basis.  



 

 

Figure 5. Costs from 127 GSI projects in Onondaga County, New York demonstrate the influence of both scale and GSI/SuDS implementation programs. (Note that 
1 acre is 0.4 ha and $150,000/ac is £240,000/ha with the exchange rate at the time of publication.)



 

Performance Criteria 

A number of recent CH2M GSI planning analyses for Philadelphia Water demonstrate that in many 
cases, increasing the volume captured or storage capacity of GSI does not have a commensurate 
increase in construction cost (Table 3). For example, the proposed GSI facilities for one project showed 
estimated construction cost increases of only 14 to 27 percent for a 100% increase in capture volume 
(i.e., from 1 to 2 inches [25 to 51 mm] of storage). Of course there are diminishing returns on an annual 
performance basis as the storage volume becomes larger because the increased storage does not get 
utilized as often (there simply are fewer storms large enough to fill the available storage volume as the 
capacity increases). For example, 1-inch capture in Pennsylvania might translate to capture of 86% of 
rainfall in an average year whereas 2 inches would net 96.5 percent. Therefore, a 100% increase in 
storage might net only a 12% increase in annual stormwater and pollutant capture (96.5 / 86). That 
being said, increased storage capacity could have other benefits such as flood reduction, climate change 
resiliency, etc. Therefore, the optimal GSI sizing criteria have to be carefully considered based on an 

individual municipality’s goals.  

Table 3. Estimated costs per square foot for these 
infiltration trenches with vegetated cover in 
Philadelphia, Pennsylvania show that doubling the 
storage capacity is only estimated to increase the 
construction cost by 14 to 27%. Source: CH2M, 2015 

 

INCENTIVE PROGRAMS FOR PRIVATE 
PROPERTY SUDS/GSI 

Incentive-based programs have increased in 
use over the past few years and have become 
cost effective parts of many GSI programs. One 
of the first uses of grant funding to subsidize 

the cost of widespread GSI implementation by the private sector occurred in Onondaga County, NY 
starting in 2010. As of July 2015, 76 projects have been completed through the Green Improvement 
Fund at a constructed cost of $8.3M (£5.4M) for the GSI components as part of over $18M (£12M) in 
overall redevelopment. The average constructed costs were $187,000/acre (£300,000/ha), competitive 
with other cost effective implementation programs (see Table 2). This underscores the benefit of public-
private partnerships and the ability of private land retrofits to play an important role in both cost 
effective stormwater control and improving local economies through sustainable development. This 
type of program has been adopted by numerous other communities including New York City, New York; 
Philadelphia, Pennsylvania; Cleveland, Ohio; and Evansville, Indiana to name a few.  These programs also 
have the benefit of “out-sourcing” maintenance to the private property owners.  Through its innovative 
incentive program, the City of Lancaster (Pennsylvania) will pay for up to 90% of the cost of SuDS/GSI 
and construct it on private property if the owners pay the remainder and agree to long-term (40-year) 
maintenance.  The program is funded through a $7M (£4.6M) low interest federal loan.    
 

CO-BENEFITS / TRIPLE BOTTOM LINE (TBL) BENEFITS 

Although they can be difficult to quantify, a number of studies have evaluated and attempted to 
monetize the TBL benefits of SuDS programs.  For example, Lancaster’s Green Infrastructure Plan 
developed by CH2M was estimated by USEPA (2014) to offer the following benefits if fully implemented: 

 $4.2 million/year in energy, air quality, and climate-related benefits 

 $660,000 annually in reduced wastewater pumping and treatment costs (at current costs) 

 $120 million in avoided gray infrastructure (e.g., tanks, tunnels) 

http://cityoflancasterpa.com/sites/default/files/documents/cityoflancaster_giplan_fullreport_april2011_final_0.pdf
http://water.epa.gov/infrastructure/greeninfrastructure/upload/CNT-Lancaster-Report-508.pdf


 

 
(Resulting from GSI investments estimated to be $80 - $140 million over 25 years (depending on level of 
GSI integration with other capital projects.) 
 

OPERATIONS AND MAINTENANCE 

Comprehensive data on the potential operations and maintenance (O&M) costs associated with 
SuDS/GSI is fairly limited but has been documented by some, including USEPA, the Chesapeake 
Stormwater Network, American Rivers, and the Water Environment Research Foundation (WERF), which 
developed an LID cost tool in 2009 (see references). Review of that information and experience from 
CH2M projects reveals a relatively high level of cost variability due to the fact that GSI maintenance 
costs can and will differ based on the numerous factors described above.  
 
In addition, little attention has been paid to the fact that similar to capital costs, O&M for SuDS can be 
looked at from both a total and incremental cost perspective. Comparing the costs of SuDS O&M with 
conventional drainage practices or landscape improvements can be challenging due to both the lack of 
data and the inherent challenge of an equitable comparison (i.e., comparing “apples to apples”). For 
example, in order to understand the O&M cost “delta” associated with maintaining bioretention, the 
question of what does the bioretention replace must be answered. Does the bioretention replace turf 
grass? Or densely vegetated public gardens? Or pavement? And how “complex” will the bioretention 
design be? That being said, many maintenance activities for SuDS/GSI do build off operations already 
being performed in most municipalities such as inlet cleaning, street sweeping, litter pickup, 
street/parking lot cleaning, and landscape maintenance. In fact, some GSI can lead to direct savings (a 
negative “incremental” cost), such as native landscaping replacing turf grass that requires frequent 
mowing.  As part of developing the Milwaukee Regional Green Infrastructure Plan, CH2M developed 
estimates of typical GSI O&M costs and conventional maintenance costs that might be associated with 
them (Figure 6). 
 

 

Figure 6. Most studies focus on the total cost of GSI maintenance, however in most cases, maintenance of GSI 
replaces other forms of maintenance in our urban environments. For example, porous pavement vacuuming replaces 
conventional street sweeping. (Source: Milwaukee Regional Green Infrastructure Plan, 2013) 
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