A NEW PATH
FOR STORMWATER

A Brief Review of the Triple Bottom Line Advantages
of Stormwater Best Management Practices within
Transportation Corridors
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Executive Summary
When it comes to options in stormwater management, many people understand that green
infrastructure practices provide multiple ecological benefits compared to traditional gray
infrastructure; however, they incorrectly assume that those benefits come at a premium
cost. Data generated from the expanded implementation of green stormwater practices in
recent years indicates just the opposite. The City of Coralville, Iowa, for example, saved
over $45,000 (10%) in construction costs on one roadway project alone by replacing large
longitudinal storm pipes with bioswales and bio-retention cells.

Detailed case studies and academic research on installed practices indicate that
green infrastructure can provide reliable, long-term performance, and in many
cases cost significantly less than traditional concrete pipes which provide no
runoff quality or flood control benefits.
Traditional stormwater infrastructure utilizes concrete catch basins and piping to quickly
and effectively transport stormwater runoff downstream to the nearest waterbody. Green
infrastructure aims to minimize gray infrastructure needs by maximizing on-site retention
and infiltration of small to moderate rainfall events. This paradigm shift leads to stormwater
management designs where the additional cost of green stormwater improvements are
offset by the reductions in pipe length and diameter, and number of catch basins and
manholes needed. Green infrastructure also reduces the size of flood control structures
such as detention basins, which saves on construction cost and maximizes developable area.
While green stormwater practices do require seasonal maintenance (removing debris and
sediment, plant management, etc.), the comprehensive long-term operations, maintenance
and repair costs are similar to or less than gray infrastructure practices.
Additionally, the costly downstream consequences associated with traditional gray
stormwater infrastructure, such as stream bank and channel erosion, localized flooding,
transport of roadway pollutants and overall ecosystem degradation, are avoided. Instead,
a myriad of monetary and non-monetary benefits are realized: reduction of runoff volume,
improvement of runoff stormwater quality, reduction in long-term receiving-stream
maintenance, enhanced aesthetics, increased property value, and improved overall public
perception of stormwater and how it’s managed within one’s community. Overall, the net
effect of using green stormwater infrastructure instead of gray piping is a reduction in
total cost, and an improvement in the water quality in local lakes and rivers, which leads to
improved quality of life for local citizens.
Academic research and engineering case studies have quantified the cost-savings,
environmental and social benefits of green infrastructure. These findings have empowered
community leaders to revise their comprehensive stormwater management plans to consider
the total life cycle cost of the stormwater management system from raindrop to riverbed. A
few examples of the case studies and research results are included here.

CASE STUDY
Coral Ridge Avenue,
Municipal Gateway Corridor
Building Curb Appeal with a New Path for Stormwater
Coral Ridge Avenue is a heavily used primary gateway into the City of Coralville, Iowa.
When the roadway was reconstructed it presented a unique opportunity for sustainable
stormwater management and roadway improvements to intersect. This project increased
traffic and pedestrian capacity by adding two lanes and a 10 foot-wide multi-use trail.
Aesthetic streetscaping elements, including six bioswales and six bio-retention cells
were added within the right-of-way to improve the quality and reduce the quantity of
stormwater runoff from the roadway.
The City of Coralville chose to manage stormwater with a hybrid system including both
green and gray infrastructure elements. Pavement runoff is captured with traditional curb
inlets and piping, then routed to the right-of-way and medians with minimal longitudinal
piping. In place of longitudinal piping, infiltration and conveyance of stormwater is
provided through bioswales with flagstone drop structures. The bio-retention cells collect
runoff from the bioswales and process roadway contaminants and pollutants.
The overall system was sized with the goal of treating the “Channel Protection Volume”
(CPv), which includes the minimum required “Water Quality Volume” (WQv). The WQv
/ CPv is the runoff generated from a 1.25 / 2.4-inch rainfall, respectively. The average
retention volume achieved by the system is 160% of the WQv, and 123% of the CPv.
Overall, stormwater infrastructure capital costs were
reduced approximately 10%, primarily by replacing large
longitudinal pipes and storm structures with bioswales
and bioretention cells.
In addition to initial construction cost savings, long-term
benefits include: enhanced aesthetics, reduced runoff
volume, improved runoff water quality, reduced stream
degradation, increased pollinator habitat, and increased
community awareness.
Each bioswale and bio-retention cell is outfitted with
monitoring devices to assess system performance
for multiple parameters including f low reduction,
chloride concentration, nutrients, bacteria, and other
urban contaminants.

Funding for this project
was provided by the City
of Coralville, Iowa DOT,
Watershed Improvement
Review Board, and
Rockwell Collins.
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Total Retention Volume

34,000 cu ft.

Native Plant Plugs

8,609 plugs

Native Plant Seed

4 acres

Reduction in 5-yr Storm Runoff Volume

47%

Reduction in 10-yr Storm Runoff Volume

38%

Reduction in 100-yr Storm Runoff Volume

19%

Reduction in Overall Cost Compared to
Traditional Infrastructure

10%

CASE STUDY
Hinsdale – The Woodlands, Residential
Stormwater Retrofits
Thinking Outside the Pipe
The Woodlands is a fully developed residential area that suffered chronic drainage
problems within the right-of-way. When roadway and drainage improvements were first
studied in 2008, traditional gray infrastructure was planned to collect and convey up
to the 100-yr storm. The estimate for these improvements was $24.4 Million. In 2009,
a feasibility study was conducted to determine if green stormwater initiatives could
reduce grey infrastructure needs and save money. The green infrastructure option was
estimated at $15 Million, a 39% savings in capital cost alone.
An aggressive hybrid approach was ultimately implemented that combined traditional
curb and gutters for the City roadways, but avoided costly large pipes, catch basins and
manholes as much as possible, replacing them with curb cut flumes, bioretention cells,
bioswales, raingardens, permeable pavers, and porous underground detention chambers.
This combination of simple surface conveyance, infiltration and treatment practices,
and underground detention chambers reduced overall stormwater management to a
clean form that blended well with the existing neighborhood aesthetics. In addition, the
peak runoff leaving the storm sewer system during the 10-yr event is expected to be
reduced by approximately 60%.
This melding of green infrastructure design strategies not only addresses the ecological
and aesthetic values, but meets the cost-savings goal of the City. The case study of
the project in its final stages was presented at conferences across the Midwest where
it received awards from the American Public Works Association (APWA) and the
American Council of Engineering Companies (ACEC).

After

Before

SUMMARY STATISTICS - PHASE 1
Decrease in Peak Outflow from Storm Sewer with BMPs
compared to existing conditions
50-year 2-hour event

66% flowrate reduction

10-year 1-hour event

58% flowrate reduction

Green Infrastructure Footprint
Rain Gardens

35,020 square feet

Bioswales

8,410 square feet

Underground Storage Volume

27,827 cubic feet

Reduction in Overall Cost Compared
to Traditional Infrastructure

39%

CASE STUDY
Comparison between Traditional Pavement
and Permeable Pavement
Permeable Pavement can be Cost-effective
Traditional pavement surfaces (concrete or asphalt) are designed to quickly move water
away from the travel surface, into the gutter and then to traditional catch basins and
piping. Alternatively, permeable pavements are designed to allow stormwater runoff
to move down through the pavement, almost eliminating the need for catch basins and
piping. Permeable pavements have been thoroughly vetted and proven successful across
many different temperature and rainfall climates, and can be implemented in parking
lots and low-speed roadway applications.
An often cited fact about permeable surfaces is that they cost more than traditional
pavement, which is accurate when pavement costs alone are compared. However,
when the total stormwater management costs for a development, parking lot or street
are included, permeable pavement can be competitive, or cost less than traditional
pavement with gray stormwater infrastructure. This is especially true when detention
requirements are included, because the rock chamber below the permeable pavement
can discount online detention requirements.
A hypothetical development was designed to directly compare the costs of standard
pavement and a combination of standard and permeable pavement. Two different
options were included: one option assumed that each residential property retained
the Water Quality Volume onsite (WQv, 1.25” precipitation), which is the standard

5 Major Components
Rock Storage Chamber –
The rock area underneath
the permeable pavement that
temporarily retains and stores
runoff.
Pavement and Subbase –
Includes both permeable and
traditional pavement and road
foundation.
Excavation – The excavation
volume was assumed to equal
the volume of pavement,
subbase and rock storage
chamber.
Pipes and Structures –
Traditional gray stormwater
management components.
Detention Basin – Required
size of basin is reduced
significantly by the rock
storage chamber volume (more
developable area).
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to reduce peak flowrates for events larger than the
5-year precipitation event. The detention basin for each
scenario was sized to meet typical detention ordinance
requirements (detain the 100-year runoff and release
at less than the 5-year pre-development runoff rate). A
storage volume to cost relationship developed by the EPA
was applied to estimate the detention basin costs for each
scenario. The volume required for the basin was over 50%

SUMMARY STATISTICS – GI OPTIONS
Decrease in required detention basin volume

53% to 58%

Decrease in pipe and structure cost

4% to 5%

Total pavement costs were functionally identical
Precipitation totals for Coralville, IA
WQv – 1.25”
CPv – 2.4”
5-year – 3.78”

less thanks to the permeable pavement and rock chamber
volumes, which would result in more developable area,
and lead to even greater net cost benefits.

Figure: The typical
sections included in the
hypothetical residential
development are shown
above. The residential
street would include space
for two-way traffic and one
lane width of parking on
each side. Note that the
rendering above illustrates
only half of the typical
section for each separate
design.

Green Infrastructure with permeable
pavers on the parking strip was estimated
to cost less than the traditional roadway
and storm infrastructure by:

1.4% 4.1%
(retain WQv on-site)

(retain CPv on-site)

SUMMARY OF RESEARCH
The Economic Bottom Line
Green Infrastructure: Proven Technology – Multifaceted Benefits
Over the past 30 years,
numerous research
publications and case
studies have shown that
green infrastructure can
substantially reduce both
upfront capital and long-term
operations and maintenance
costs over traditional gray
infrastructure. The breadth
of research knowledge and
project experiences mirror
the climatic and seasonality
differences across the United
States, from the Pacific
Northwest to the Midwest
to the East Coast, proving
that municipalities across

The photo was taken a few years after the City of Seattle completed construction of 2nd
Avenue through their Street Edge Alternatives (SEA) program. The street provided a proofof-concept for improving the streetscape with native perennial plantings, and managing
stormwater within the right-of-way effectively – even on an existing, narrow right-of-way.4

all climatic regions in the
United States can achieve cost savings by incorporating green stormwater management.
In addition, green stormwater infrastructure has been implemented successfully into a
wide variety of municipal, commercial and residential construction projects.

75%

A recent survey of 300+ registered Landscape Architects found that
of green infrastructure projects reduced or did not influence costs, and
over half of these projects
cost less than a comparable grey
infrastructure design.

59%

The Environmental Protection Agency conducted the survey and all survey participants
were verified members of the American Society of Landscape Architects and were
registered Landscape Architects. Survey participants provided data from nearly 479
projects that incorporated green infrastructure into a wide range of projects including
schools, universities, parks, streetscapes, commercial and residential construction. The
projects were completed in a variety of climatic conditions, across 43 states.1

EPA Study Confirms Lower Costs
The Environmental Protection Agency conducted
a comprehensive construction cost analysis of 12
construction projects that were designed with green
stormwater practices. Actual costs for the projects
with green stormwater practices were compared to the
same project designed and cost-estimated with gray
stormwater practices only.2

Results indicated that upfront
capital costs to include green
stormwater systems cost

The photo above illustrates how green infrastructure can
be implemented into residential street reconstructions.
Note the use of bio-retention cells to retain, treat, and
infiltrate stormwater runoff.3

Rethinking the Street: Curb to
Property Line
One of the unique projects studied in this report is the
City of Seattle’s reconstruction of a few blocks of 2nd
Avenue. The original street was similar to many within
the neighborhood: wide impermeable pavement surface,
no landscaping, and gray stormwater infrastructure.
Through the City’s Street Edge Alternatives (SEA)
program, the street was redesigned (see photos) to
include green stormwater infrastructure, landscaping
and a smaller, but adequate pavement width.2

25%

The SEA design cost
less than conventional development.

15–80%

less than a gray infrastructure
approach for 11 out of 12 projects.
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SUMMARY OF RESEARCH
The Ecological and Social Bottom Lines
Benefits beyond the Right-of-Way
In addition to potential cost savings to municipalities and taxpayers, green
infrastructure can provide a wide array of ecological and social benefits that are
external to the project costs. The benefits and advantages of green infrastructure
have the potential to impact each of the following:

◦◦ ecosystem and habitat (trees, plants and animals)
◦◦ neighborhood (aesthetic, livability and property values)
◦◦ local watershed (water quality, stream stability, hydrologic cycle restoration and
flood hazard mitigation)

◦◦ improved quality of life
◦◦ people (air quality, safety, recreation, increased environmental awareness)
◦◦ society (public health, environmental education)

Improved Air Quality/Climate Change
Urban Heat Island

Green infrastructure practices that
include trees and other vegetation
can reduce the urban heat island
effect, which reduces energy use
and the incidence and severity of
heat-related illnesses.

Greenhouse Gases

Air Quality

Green infrastructure improves air quality
by increasing vegetation, specifically trees,
that absorb air pollutants, including CO2,
NO2, O3, SO2, and PM10.

Green infrastructure’s ability to
sequester carbon in vegetation can
help to meet greenhouse gas
emission goals by contributing to a
carbon sink.

Quality of Life
Public Health

Residents have more recreational opportunities in the presence of large-scale
green space in their community, which can improve public health and well-being.

Public Safety

Green streets that include curb bump-outs at
pedestrian crossings improve pedestrian safety
by slowing traffic and decreasing the distance
that pedestrians must travel in the roadway.

Recreational Opportunities

Larger-scale green infrastructure facilities that
include public access, such as constructed
wetlands, offer recreational opportunities.

Water Quality and Quantity
Property Aesthetics

Water Conservation

Green infrastructure that incorporates locally adapted or native plants reduce the
need for irrigation, which reduces demand for potable and recycled water. Rain
barrels and cisterns that capture rainwater also reduce water use.

Green infrastructure that includes attractive vegetation can improve property
aesthetics, which can translate into increased property values.

Educational Opportunities
Water Quality and Flood Mitigation
Green infrastructure can decrease the
frequency and severity of local flooding by
reducing stormwater discharge volumes and
rates.

Habitat

Vegetated green infrastructure can provide
habitat for wildlife, particularly birds and
insects, even at small scales of
implementation.
Figure 3. Additional green infrastructure benefits

Public Education

The visible nature of green
infrastructure offers enhanced
public education opportunities
to teach the community about
mitigating the adverse
environmental impacts of our
built environment. Signage is
used to inform viewers of the
features and functions of the
various types of facilities.

Green Infrastructure Benefits and Practices
This section, while not providing a comprehensive list of green infrastructure practices,
describes the five practices that are the focus of this guide and examines the breadth
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Characterizing the Multitude of External Benefits

No
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Significant research efforts by universities, governments (local, state and federal), and
not-for-profit groups have identified and quantified the benefits of green infrastructure
in various climates, population densities and ownership agreements (public rightof-way and private developments). While only some of these benefits directly affect
construction and operation cost, the potential value added to a construction project by
external benefits should be considered distinct advantages for green infrastructure.
Published by the Center for Neighborhood Technology in Chicago, IL, the table above
(Green Infrastructure Benefits and Practices) illustrates the potential benefits that can
be recognized through select green infrastructure practices (green roofs, tree planting,
bio-retention & infiltration, permeable pavements and water harvesting). While not all
practices can be directly applied to transportation projects, tree planting, bio-retention
& infiltration and permeable pavement can be easily incorporated into most projects.5
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The infographic is part of a
brief, trustworthy and helpful
resource for Municipal
officials considering Green
Infrastructure in their
jurisdiction, called Green
Infrastructure Opportunities
that Arise During Municipal
Operations (https://www.epa.
gov/sites/production/files/2015-09/
documents/green_infrastructure_
roadshow.pdf)
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The infographic on the left
(US EPA) categorizes and
summarizes the advantages of
Green Infrastructure that have
been studied, measured and
assessed.6
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This section, while not providing a comprehensive list of green infrastructure practices, describes the five G
of this guide and examines the breadth of benefits this type of infrastructure can offer. The following matrix
how these practices can produce different combinations of benefits. Please note that these benefits accrue
local factors such as climate and population.
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References for Material Reproduced Herein
Coral Ridge Avenue, The Woodlands, and the permeable pavement cost studies were
conducted for HR Green-designed projects.
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