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Executive Summary 
 
Stormwater management has evolved from off-site, conventional gravity-flow pipe conveyance systems 
towards improved on-site designs that offer social and environmental benefits at competitive costs. 
Construction costs are merely one component of stormwater systems, and do not adequately present the risks 
(downstream flooding, erosion, operational infrastructure, maintenance, etc.) nor opportunities that avail 
through Low Impact Development (LID) methodologies. Consideration of on-site stormwater utilization as a 
potential benefit can result in healthy property landscaping, streambank improvements, enhanced open space, 
groundwater enhancement and a multitude of previously non-assessed community resources. Property 
developers are encouraged to minimize stormwater runoff to pre-development conditions, and will be 
required to do so through current municipal ordinances and soon-to-be enforced State stormwater regulations. 
Mimicking natural hydrologic flows requires proper planning, design and installation techniques that may 
include architects, engineers and hydrologists—yet stormwater LID design is a low-tech, cost effective 
stormwater management approach that has been proven through case studies and flow monitoring 
nationwide. Stormwater calculators have been developed to assist with the selection of stormwater 
management options—including conventional stormwater conveyance, LID techniques, and a combination of 
tools forming a “treatment train” approach. Whole-life costs of stormwater management are calculated based 
on soils types, precipitation data, on-site vegetation, the lay of the land and the stormwater tools selected. 
Calculated whole life costs continuously reveal that LID techniques can produce cost savings over 
conventional off-site, downstream stormwater conveyance methods. These same LID calculators can also 
provide estimated pollutant load reductions for criteria such as Total Nitrogen, Phosphorous and Suspended 
Solids (with little to no load reduction for conventional stormwater conveyance). Load reductions vary, 
dependent upon the chosen LID methodology, but are significant in terms of protecting both surface water 
and groundwater. LID tools are effective in reducing both stormwater flow rates and stormwater volume, by 
passively decentralizing, detaining and distributing stormwater on-site-- attempting to catch the rain where it 
falls, and put stormwater to beneficial use. While there is no “one size fits all” approach, there are LID 
stormwater options for almost any imaginable development scenario—including new residential lots, 
proposed subdivisions, urban redevelopment, big-box stores and others. When decision-makers evaluate 
comprehensive costs and benefits to the community and the land / water / wildlife, stormwater low impact 
development is almost always the most affordable, sustainable, efficient and effective choice. 
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Stormwater Management Options / Intent 
 
The intent of this study is to investigate the costs and benefits of stormwater management techniques 
applicable to Montana, and to expand on this information in a format that can be evaluated by Montana 
developers, planners, contractors, engineers, architects, property owners and concerned citizens / 
conservation stewards. 
 
This study is prefaced by a literature review of nation-wide stormwater best management practices (BMP’s), 
including traditional off-site stormwater conveyance systems as well as more recently-implemented 
stormwater techniques known as Low Impact Development (LID). A synopsis of 9 case studies with 
relevance and potential application to Montana has been provided to the Greater Gallatin Watershed Council, 
and is included up-front (page 5) as an introduction to the LID movement nationwide. These studies reflect 

upon diverse stormwater scenarios, with 
various development (or redevelopment) 
densities, soils types, precipitation patterns 
and a multitude of conventional, LID and 
hybrid stormwater management techniques. 
Unlike larger municipalities that may be 
dealing with Combined Sewer Operations 
(CSO’s), this research examines stormwater 
as a stand-alone product—frequently a water 
resource, as well as a source of pollution 
(with the ability to exacerbate cumulative 
watershed impacts) but to reiterate, not 
combined with wastewater effluent / sewage 
flows.  
 

These studies reveal that the comprehensive costs of stormwater design, construction, operations and 
maintenance can be substantially reduced by the implementation of LID methodologies such as bioretention, 
filter strips, vegetative swales and an entire toolbox of LID techniques. This study does not address the 
intricacies of each LID or pipe conveyance / detention pond methodology, but will direct interested parties to 
technical stormwater BMP websites and resources (Appendix A). A good starting point would be the review 
of the Greater Gallatin Watershed Council’s Low Impact Development Guidelines (August 2008). From a 
stormwater perspective, reducing the impact of development can be best performed by “catching the rain 
where it lands”, or addressing runoff as close to the source as possible.  
 
This analysis provides the stormwater decision-maker with several Montana-based examples of LID 
implementation, and focuses on comparative costs of conventional versus LID installation—capital costs as 
well as whole-life costs. Furthermore, the study examines the often-unvalued or undervalued benefits of on-
site LID techniques. A forthcoming Powerpoint presentation by the Greater Gallatin Watershed Council will 
utilize aspects of this study to effectively convey the crux of this stormwater information in a condensed, 
visual version.  
 
The Basic Premise: 
From a Montana watershed vantage point, this study defines stormwater management: 
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not as a mitigation plan for downslope discharge nor runoff disposal, but as a decentralized, logical hydraulic 
approach (hydro-logical) that best meets diverse, on-site environmental conditions. Similar to erosion 
prevention and sediment control strategies designed for on-site soil retention, stormwater best management 
practices (BMP’s) strive to reduce the volume, power and potency of post-development storm runoff, as close 
to the source as possible. This is best performed by designing and implementing stormwater Low Impact 
Development tools. 
 
The following information is provided to enhance the stormwater management decision-making process. In 
addition, the reader should be aware of the stormwater direction being developed by the Montana Department 
of Environmental Quality (MTDEQ) for Municipal Separate Storm Sewer Systems (MS4’s): 

 

 

 

 

 

 

 

 

Montana DEQ accommodated much flexibility in order for each permittee to incorporate LID practices into 
their Storm Water Management Program (SWMP) as required in the General Permit.  The General Permit 
may be found on the following DEQ website:  http://deq.mt.gov/wqinfo/MPDES/StormWater/ms4.mcpx   

 

 

 

 

 

 

2010-2014 General Permit:   

Montana DEQ's 1/1/10-12/31/14 MPDES General Permit for Storm Water Discharge Associated with 
Small Municipal Separate Storm Sewer System (MS4) (General Permit) currently has ten permit 
authorizations which pertain to twenty-one permittees (including seven cities, three county areas, two 
universities, an air force base, and eight state highway department areas).  These are all in or around our 
seven largest cities with populations of 10,000 or more as follows:  Billings, Missoula, Great Falls, Helena, 
Butte, Bozeman, and Kalispell. 

 "For new development or redevelopment projects greater than or equal to one acre, the program shall 
include a process, where such practices are practicable, to require the implementation of low impact 
development practices that infiltrate, evapotranspire, or capture for reuse the runoff generated from the 
first 0.5 inches of rainfall from a 24-hour storm preceded by 48 hours of no measurable precipitation.  
This process must be in place by January 1, 2012."  
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Greater Gallatin Watershed Council Case Studies Synopsis 

Overview:  While Stormwater Low Impact Development (LID) is a fairly new concept to Montana and the 
Northern Rockies, many examples of such “Green Infrastructure” are available throughout most of the Pacific 
Northwest, followed in popularity by east coast communities such as Delaware and Maryland. The projects 
tend to sprout from growing urban communities that receive abundant precipitation, have experienced surface 
water impairment, and have attempted LID techniques as part of their mitigation strategy. With the lessons 
learned through small project successes grew a confidence to pursue additional “pollution prevention” 
strategies—taking on a proactive approach, developing treatment trains, and often combining both 
conventional and LID stormwater techniques. After a cursory review of over 100 stormwater LID projects 
using a mixed bag of LID technologies, I can conclude that project costs were frequently based on available 
funds, and that design, capital, construction and operating costs were not known until the project was actually 
installed. (Current stormwater calculators have utilized these studies to create new databases, with the goal of 
refining cost / benefit projections based on best available data). The financial resources available were tapped 
to experiment with various LID tools such as biofilters, vegetative strips, sections of pervious pavement and 
rain gardens. Cost comparisons with conventional stormwater pipe conveyance systems were often an 
afterthought or an unnecessary burden—traditional costs were hidden in aging infrastructure and investments 
in capital equipment that was amortized over 20—35 years. Antiquated underground water and sewer lines 
needed repair, and small-scale LID projects could be initiated while the asphalt was being ripped up. 
Engineer designs took advantage of existing soils, slope and stability data, environmental audits were 
minimal, and there was no demand to perform cost comparisons between conventional and newfangled LID 
projects. When pushed for greater cost accounting, the easiest approach was to attempt to work backward—
how much did the entire project cost, and, what does the amount equate to in terms of cost per lineal foot or 
square foot or city block. Recent progressions have realized that programs were not comparing apples to 
apples, and went further to explore costs of treating an estimated volume of stormwater as well as a 
determination of treatment efficiency (pollutant removal rates). While progress has been made, we continue 
to stumble over an assignment of economic value to environmental protection (groundwater recharge, 
reduced flood risk) or conservation land enhancement (green space, ponds, parks, wildlife habitat). The case 
studies below represent some of the more data-available projects that have been performed over the past 5—
10 years. No attempt has been made to equate 2005 dollar values to 2011 value. The next phase of this 
project will require extensive meetings with Montana developers and engineers, to identify recent or near-
future LID developments, to research hidden costs, to review stormwater modeling programs and to assign a 
range of benefits to the value of conservation efforts and end-products (W. Urbonas, 3/15/11). 
�
�
Case Study Synopsis #1:  High Point Redevelopment Project, Seattle, WA 
 
This project converted a 129-acre low-income housing development into a “more livable, green space, mixed 
income housing development..” along Longfellow Creek—a high priority, salmon-bearing watershed. Using 
the Washington State Department of Ecology’s Stormwater Management Manual, the City of Seattle 
incorporated its City Natural Drainage System (NDS) concept into this new urban subdivision for 4,000 
people, aimed at achieving a balance between neighborhood green space, pedestrian safety and water quality. 
Stormwater filtration and flow attenuation were accompanied by the use of biofilters, increased vegetation 
and reduced impervious surfaces. Due to the steepness of slope and the high density of clustered homes, the 
development installed a network of grass and tree-lined “streetscape treatments”, which along with vegetated 
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swales, retained stormwater runoff through a natural drainage plan. The use of multi-functional open space 
served as water detention, parks, ponds and playgrounds. Poor on-site soil conditions (fine silts) reduced the 
ability to infiltrate large volumes of stormwater, yet bioretention swales were designed to accept 75% of a 
major storm event. Approximately 15,000 lineal feet of vegetated grassy swales were incorporated into the 
engineer design, as well as an ongoing stormwater monitioring component. The project relies on stormwater 
pond outlets and pipe storm drain systems to convey major flows from a 25-yr., 24-hour storm event. Street 
widths were minimized from 32 to 25 feet to reduce the impervious area. Pourous concrete was used on 2 city 
street sections and half of the public sidewalks (those adjacent to the vegetated filter strips). Estimated costs 
for Seattle’s Natural Drainage System stormwater goals are $325,000 for an LID block, compared to 
$425,000 for traditional stormwater conveyance infrastructure—a savings of $100,000 per block. The project 
received a Communities Award in 2005 from the Built Green design competition. 
Date: 2006 
Sources: City of Seattle, Department of Planning & Development  
Also:  www.svrdesign.com 
 
 
Case Study Synopsis #2: Pembroke Subdivision, Frederick County, MD 
 
This project was the first in Frederick County to utilize stormwater LID tools for multiple lots, over a 43-acre 
drainage area. Instead of the conventional method of calculating peak discharge rates and designing 
catchment basins and conveyance pipes to stormwater ponds, the developer performed a “volume control 
approach” that captured and treated rainwater in close proximity to the building sites. The goal was to mimic 
pre-development hydrological conditions and to implement LID site foot-printing techniques based on a 2-
year (3.0 inches of rainfall) storm design. Bioswales and filter / buffer strips were used extensively 
throughout the project site, and the use of shared driveways was heavily promoted. All runoff from roofs and 
driveways within the development were directed to pervious areas. The calculations and design satisfied 
downstream protection for 10, 50 and 100 year storm events. This development argues that the conventional 
peak-discharge and detention approach does not adequately address groundwater recharge, yet promotes 
stream channel degradation through major stormflow conveyance, and exacerbates potential downstream 
flooding from high volume releases. On the other hand, the LID site foot-printing was able to preserve 50% 
of the site in undisturbed, wooded condition. The design eliminated the need for 2 stormwater management 
ponds, reducing infrastructure costs (including clearing and grubbing) by roughly $200,000.  The land 
savings enabled the developer to increase their site yield from 68 to 70 lots, adding approximately $100,000 
in additional value to the project. Curbs and gutter designs were replaced with vegetated swales, thus 
reducing the road paving width from 36 to 30 feet, saving $60,000 in infrastructure construction costs and 
reducing impervious surfaces by 17%. Average LID cost savings equated to $6,000 per lot. These immediate 
cost savings were in addition to the benefits to downstream communities of less flooding and erosion, cleaner 
water and 2.5 acres of added open space (and reduced costs for wetland mitigation impacts). Partially due to 
the preservation of wetlands and open space, homes were stated as selling 60% faster than surrounding 
developments. 
Date: 2001 
Sources: www.americanrivers.org   
Also: www.nrdc.org/water/pollution/…/chap12.asp 
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Case Study Synopsis #3: City of Caldwell, ID: Indian Creek 
 
This project was based on a community vision to promote downtown redevelopment and to daylight Indian 
Creek—incorporating stormwater LID techniques into the project. Indian Creek is within the Lower Boise 
River watershed, and was on the 303(d) list as impaired for sediments, bacteria and phosphorous. As the town 
grew, it buried Indian Creek under asphalt and concrete, reducing habitat, visibility and recreational use. The 
project relied on a computer-generated model known as LIFE to predict stormwater impacts from LID 
controls, and to compare these impacts to traditional upstream technologies (stormwater conveyance 
systems). LID tools considered in the LIFE model included green roofs, bioretention, vegetated swales, 
infiltration methodologies and other LID controls. LIFE takes into account the runoff from all categories of 
land cover, such as buildings, roads, sidewalks and other impervious surfaces. Approximately 75% of the 
land use area was classified as impervious, 25% pervious. Other inputs for the LIFE calculations included 
local soil types, historic rainfall and runoff coefficients. LIFE modeling predicted that stormwater flows 
would be reduced by 13% by converting sidewalks to permeable pavers, reduced by 32% by retrofitting half 
of all parking spaces with bioretention cells, and reduced by 16% by ensuring that all roofs discharged into 
underground swales. It was assumed that native plant vegetation would be used to cover the permeable areas. 
The traditional stormwater controls were estimated to have a cost of $8,500 and a removal efficiency of 5% 
(for sediment as well as phosphorous), thus equating to $1,700 per 1% load removal. The LID technologies 
proposed were predicted to cost $20,648, but with a 32% load removal efficiency, resulting in a cost-benefit 
ratio of $645 per 1% removal. In addition to the best interests of the City of Caldwell, it should be noted that 
the Army Corps of Engineers was involved in the planning, review and construction of various elements of 
the Indian Creek LID project. 
Date: 2006 
Sources: Water Environment Foundation / CH2MHILL / City of Caldwell, ID 
Also:  www.nww.usace.army.mil/ic/overview.htm 
 
 
Case Study Synopsis #4: Laurel Springs Subdivision, Jackson, WI 
 
Conservation design principles that were implemented within this development of 110 lots and 7 duplex 
condominiums included the bioretention of on-site stormwater and the construction of vegetated swales. 
While not often defined as an LID tool per se, the clustering of homes within a defined footprint can result in 
less grading and paving, and also preserve open space. Bielinski Homes (developer) compared the costs of 
developing the site conventionally (pipe conveyance stormwater techniques) versus the utilization of 
conservation LID tools. The following items all resulted in cost savings by utilizing Stormwater LID 
technologies: 
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On the flip side, landscaping costs were 85% higher, yet does not account for the benefits reaped in terms of 
healthy vegetation, open space and property aesthetics. Furthermore, the landscaping component amounts to 
less than 5% of the overall development costs. Total savings estimated from incorporating LID design tools 
for this project was $629,526 (a 20% overall reduction of conventional costs, landscaping included). 
Date: 2003 
Sources: Center for Watershed Protection  www.stormwatercenter.net 
Also: Conservation Research Institute            
www.nipc.org/environment/sustainable/conservationdesign/cost_analysis/ 
 
 
Case Studies Synopsis #5: SEA Streets Seattle, WA: 
 
The Seattle Public Utilities has adopted a Natural Drainage Systems (NDS) program that examines 
alternatives to traditional street stormwater drainage design. Their efforts are directed towards reducing 
environmental impairment from runoff and non-point source water pollution. The NDS program attempts to 
provide drainage that mimics the natural landscape prior to development. A pilot project on 2.3 acres in north 
Seattle coined Street Edge Alternative, or ‘SEA Street’, was redesigned to incorporate stormwater LID 
technologies. Curbs and gutters were replaced by bioswales and vegetated drainage areas. Streets were 
narrowed in order to create more pervious terrain, with trees planted in the street right of way. The project 
was funded through a program that assesses drainage fees from property owners. Site preparation costs for 
this LID project exceeded conventional stormwater preparation costs, as the removal of existing impervious 
cover was necessary. Another line item that exceeded conventional stormwater costs was for landscaping—
yet the current and future benefits of the natural features and physical attractiveness of the project were not 
quantified in dollar value. Despite the higher costs of site preparation and landscaping, overall costs were 
lower than conventional stormwater costs. Savings in terms of Stormwater Management (29%), Paving / 
Sidewalks (49%) and Mobilization of labor & equipment (40%) all contributed to the lower overall costs of 
the LID project. This natural drainage system cost 25% less than traditional stormwater conveyance design 
and construction. An important lesson pointed out in this project was that conservation subdivisions need to 
promote substantial communal open space, over small, individual claims of backyard ownership. The shared 
property produces greater subdivision and homeowner value, and the higher densities of clustered homes can 
reduce property costs while increasing developer lot potential. 
Date: 2006 
Sources: Economics of Conservation Subdivisions  
http://www. Landchoices.org/Economics%20of%20Conservation%20Subdivisions%20(1).pdf 
Also: Center for Watershed Protection    www.stormwatercenter.net 
 
 
Case Study Synopsis # 6: SW 12th Avenue Green Street Project, Portland, OR 
 
The City of Portland’s Bureau of Environmental Services (BES) spearheaded the construction of four (4) 
consecutive street stormwater planters in June 2005. Utilizing a form of “treatment train” approach, the 
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upslope planter (18ft. long x 4ft.wide) intercepts stormwater runoff from street flows along an existing curb. 
A 1ft.-wide trench drain channels the street runoff into this planter, with runoff being directed over a concrete 
pad that acts as a sediment and debris trap—a pre-filter for manual solids removal.  Stormwater is allowed to 
pond to a maximum depth of seven (7) inches before infiltrating the soil and plant fixture at a percolation rate 
of approximately 15 minutes per inch. If stormwater exceeds this infiltration rate (such as during large storm 
events), the runoff exits a second cut in the curb, flows back along the street and enters the second (downhill) 
planter. The same process continues for the third and fourth planter, with any final stormwater exceedence 
overflowing and entering the existing storm sewer, flowing directly into the Willamette River. Adjacent 
sidewalks slope towards the planters, thus allowing sidewalk runoff to enter the planters via curb cuts. This 
Green Street project has converted the previously under-utilized sidewalk / street curb interface to “..capture, 
slow, cleanse and infiltrate street runoff..”. Vegetation established includes a mixture of rushes, trees and 
shrubs. The project is aesthetically pleasing, and has attracted the interest of property owners who have 
volunteered the curbs in front of their homes for future stormwater planters.  The planters capture runoff from 
approximately 7,500 square feet of paved surfaces, providing flow control and water quality benefits. 
Construction costs of the stormwater planters totaled $34,850, or $4.65 per sq.ft. of impervious area. Curb 
extension construction consumed 77% of the total project cost, with landscaping taking 13%, and the 
remaining 10% relegated to miscellaneous street and sidewalk repair. This Green Street planter design won 
an American Society of Landscape Architects Design Award in 2006. Design costs for this project were 
estimated to be in the $8,000 range. The design of the SW 12th Avenue Green Street has met three important 
goals: 1) it is low-cost in its design and execution; 2) it benefits the environment and embodies community 
livability; and 3) it provides a model for other jurisdictions in addressing important national and local 
stormwater regulations.  Operation and maintenance involves weed pulling, hand trimming and hand 
watering during dry conditions, at an estimated rate of at least four (4) times per year by the Portland Parks 
and Recreation staff. The stormwater planters have been effective in reducing the peak flow of a 25-yr. storm 
event by at least 70%. 
Date: 2007 
Sources: City of Portland, OR Bureau of Environmental Services   
Also:  www.werf.org/.../studies_port_or.htm and http://asla.org/awards/2006/06winners/341.html 
 
 
Case Study Synopsis #7:  SE Ankeny Green Street Project (2005) + NE Siskiyou Green Street Project 
(2004): 
 
These two studies are combined, due to the similar use of Stormwater Curb Extensions to retrofit existing 
residential street sections. The unit cost ranged from $1.64--$1.83 per square foot of impervious area 
managed. This fairly simple technology leaves the existing street curb intact, and does not modify the 
existing (downstream) stormwater collection system. Neighboring properties volunteer to assist with the 
planting of low evergreens, provide weeding and seasonal watering. This volunteer approach decreases the 
operational and maintenance needs of the municipality, provides buy-in from the neighbors that make the 
request for the attractive curb extensions, and has been shown to improve pedestrian safety as well. 
Constructed in low traffic areas, the 28ft.wide street had added two 7ft.-wide curb extensions (one of each 
side of the street), creating a 14ft.-wide “vehicle queing lane”. Similar to the installation of stormwater 
planters, excavation depth ranges from 12 to 14 inches, and maximum water ponding depth is 7 inches at 
center. In each of these 2 cases, soil was tilled and backfilled with a 3-way mix of sand, topsoil and compost. 
The Siskiyou curb extension has 3 check dams installed for slowing stormwater flow, collecting sediment and 
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allowing excessive runoff to exit the site via the street channel. Street slope was approximately 1%--low 
enough where the Ankeny project felt check dams were not necessary. Curb extension construction costs 
(including construction management and overhead) for the 2 projects averaged to be 80% of the total project 
cost, with landscape construction averaging 20% of total project costs. Three street-side parking spaces were 
lost, with the prior acknowledgement and acceptance by properties adjacent to those previous parking spaces. 
Date: 2005 
Source: City of Portland, OR Bureau of Environmental Services 
www.portlandonline.com 
 
 
Case Study Synopsis #8: Gap Creek Subdivision, Sherwood, AR 
The developer of this 130-acre subdivision desired to take a unique ‘green approach’ by designing streets that 
“flow with the existing landscape…”, preserving native on-site vegetation, and protecting natural drainage 
areas by ensuring the use of buffers and greenbelts around environmentally-sensitive areas. While he still 
relied on a combination of conventional and LID stormwater technologies (thus assuring adequate flood 
control), the implementation of on-site LID tools (bioretention, infiltration and the narrowing of street width 
from 36 to 27 feet) enabled the healthy growth of roadside trees from greater pervious surface areas and 
ground infiltration. The cost savings from the reduced use of piping, curbs, gutters, headwalls, asphalt and 
concrete amounted to $4,800 per lot. He was able to sell the lots for approximately $3,000 more than larger 
lots in competing areas, and sold 80% of these lots in the first year. The win-win development resulted in 
greater open space and recreational uses (23.5 acres), along with the ability to increase the development yield 
from 63 to 72 lots. Besides the conservation recognition he received, along with it came $2 million dollars in 
additional profits. 
Date: 2003 
Source: ECONorthwest, Rock Creek Sustainability Initiative 
Also: www.econw.com 
 
 
Case Study Synopsis #9: Arlington Pascal Stormwater Improvement Project 
Rain Gardens: St. Paul, MN 
 
The Capitol Region Watershed District (CRWD) was the builder and owner of 8 rain gardens, the majority 
constructed in the city street right-of-way during a street reconstruction project in 2005-06. The goal of the 
project was to improve water quality on-site while preventing downstream degradation to Como Lake (listed 
as an impaired water body). The rain gardens were constructed to enhance water quality, as well as to 
minimize stormwater volume and reduce flow rates. Additional benefits include improved groundwater 
recharge, enhanced wildlife habitat, improved on-site aesthetics, reduced flood risk and educational 
opportunities for the community. The rain gardens drain approximately 16 acres of land, with 7 individual 
rain gardens receiving stormwater runoff via curb-cuts at street intersections. One additional rain garden 
(known as the Hamline Midway) receives runoff from 2 storm sewer inlets. The largest of all the 8 rain 
gardens, the Hamline Midway is the only rain garden equipped with an outlet. At a maximum of 3ft. water 
depth, stormwater is channeled back into the storm sewer system and flows ultimately to Como Lake. Unlike 
many LID projects with undisclosed design costs, the total costs for the 8 rain gardens include the cost of 
design, construction, bond interest, operations and maintenance. The average unit construction cost for a rain 
garden is $11.90/sq.ft. Modeled results for 2007 reveal volume reductions, total phosphorous and total 
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suspended solids removal efficiencies of 98%. Individual rain garden results for the same 3 parameters were 
between 94% and 100% removal efficiency. 2008 modeled results showed zero stormwater bypass or 
overflow (due to less rainfall), thus producing 100% removal efficiencies for volume, total phosphorous and 
total suspended solids. Unfortunately, rain garden costs were not compared to conventional stormwater 
conveyance system costs. The report did, however, determine that stormwater was infiltrated by the rain 
gardens at a cost of $0.06/cu.ft. in 2007, and at a cost of $0.07/cu.ft. in 2008. If total convention stormwater 
conveyance costs were available, a simple calculation of total costs divided by volume reduction (converted 
to cubic ft.) would provide a cost per cubic ft. comparison. Labor costs represent 74% of the total operations 
and maintenance costs, followed by equipment and materials (20%) and contract services (6%).  Operations 
and maintenance costs are predicted to decrease as the rain gardens establish themselves.  
Date: 2008 
Sources: Capitol Region Watershed District   www.capitolregionwd.org/                                                          
Also:  www.eorinc.com/flood-prevention.php 
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Specific Montana Stormwater Comparisons: 

#1: Old Town, Phases 1 & 2, Whitefish, MT:                                                                                                                               
The stormwater drainage system serving Old Town consists both of conventional drainage with catch basins 
and piping, as well as LID concepts. The catch basins and piping collect runoff water along a City road where 
curb and gutter is required, conveying this stormwater to a downslope retention pond in the subdivision. LID 
improvements to the site consist of grass-lined drainage swales (bioswales) along the roadways with 
landscaped bio-detention areas at frequent intervals to reduce stormflow velocity, improve infiltration / 
evaporation and aid in sediment removal. Maintenance of the bioswales and detention areas are the 
responsibility of the property owners and the Homeowners Association.  

The roads and alleys within Old Town are not equipped with curbs and gutters, and “..allow storm runoff to 
flow in a relatively uniform and diffuse manner to vegetated roadside swales, and then along these swales 
through several landscape areas (biodetention areas)..”. Stormwater volume will be effectively reduced by on-
site infiltration and evaporation, assisted by the planting of vegetation (shrubs) to reduce runoff flow rates. 
These surface-roughened areas allow for the reduction of the runoff coefficient and flow velocity. This hybrid 
of LID and detention pond was chosen, as the selection of a 100% conventional conveyance system would 
have resulted in the loss of additional lots due to space considerations (not an economically-feasible option). 

Old Town Phase I:              (With the installation of the hybrid stormwater system described above.) 

 

*18 drainage areas totaling 13.4 acres with 51 residential lots   (note that same values were plugged into the 
preceding GV Original Calculator) 

*estimated total flow runoff Pre-development = 0.87 cu.ft./sec. 

*estimated total flow runoff Post-development = 2.16 cfs 
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Old Town Phase II:  

*6 drainage areas totaling 5.38 acres with 13 residential lots.  (Use of the GV Original Calculator for the 
Conventional /LID costs).                                                                                                                                           
*estimated total flow runoff Pre-development = 0.39 cfs                                                                                                                
*estimated total flow runoff Post-development = 0.79 cfs 
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Cost Breakout    (as presented in the Green Values Original Calcu lator, for a 5.38-acre Old Town Phase II 
comparison) 

Developer's  
Construction and 
Maintenance Costs: Conventional Green Reduction 

Per Lot Costs $21,114 $17,744 $3,370 

Total Costs $274,481 $230,675 $43,806 

Present Value  
Over 30 Year 
Life Cycle 
Public Costs c                                                        Conventional Green Reduction 

Per Lot Life Cycle Cost: $2,168 $1,498 $669 

Total Life Cycle Cost: $28,180 $19,479 $8,701 

Present Value  
Over 30 Year 
Life Cycle 
Homeowner Costs: Conventional Green Reduction 

Per Lot Life Cycle Cost: $28,622 $24,949 $3,673 

Total Life Cycle Cost: $372,087 $324,338 $47,749 
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As mentioned, conventional downstream stormwater conveyance piped-systems require the calculation of 
peak discharge and runoff volume. Significant on-site factors that can be designed to influence stormwater 
calculations and directly affect stormwater performance include the % of impervious surface, type and 
amount of vegetative cover, infiltration, detention (temporary), retention (held onto) and the choice of an 
ultimate stormwater management objective. From a community watershed perspective, comprehensive 
whole-life stormwater costs need to be evaluated, including long-term economic and environmental 
consequences that may be more difficult to quantify—but should at the very least be qualified or identified. 
After reviewing this study, municipal officials, planners and community stakeholders should be more aware 
of the potential costs, effectiveness, challenges and opportunities of stormwater management, and become 
more astute in terms of stormwater decision-making. As an additional comparative measure, potential 
benefits of stormwater LID are discussed towards the end of this study. 
  
#2: GE Operations Center (Billings, MT): 
This 44,430 square foot operations center (6.7 acre vacant lot prior to construction) was built with a bioswale 
stormwater installation in the parking lot. Subsurface infiltration was designed to hold runoff volumes from a 
major 100 year, 24-hr. storm event. Excessive stormwater was engineered to be conveyed to a downslope 
detention pond. In addition to having been proven effective in reducing oil & grease, nitrogen, phosphorous 
and total suspended solids, bioswale construction reduces a site’s overall runoff volume and helps maintain 
pre-development peak discharge rates. In terms of capital costs, the LID stormwater design for this 
commercial facility was estimated to cost approximately $44,000 more than if a conventional stormwater 
conveyance system were installed.  
Capital costs for the GE hybrid stormwater system: $21,940/acre (estimated, based on cost information 
provided) 

Capital costs for a Conventional stormwater conveyance system on this site: $15, 522/acre (estimated) 

When specific budget line items were examined to determine where the excess LID costs would be incurred, 
$37,000 (84%) of the additional costs were for soil amendments including sand, washed rock and compost. 
The remaining $7,000 (16%) was allocated towards excavation costs for the biofiltration. In terms of cost 
savings, the calculations determined a $13,000 reduction in drain pipe, but this savings was already deducted 
from the preliminary biofiltration estimate of $20,000. It would be a disservice to attempt to critique the 
calculations performed, as this analysis is not being conducted with engineering skills and precise knowledge 
of on-site conditions. In fact, this innovative stormwater installation helped achieve LEED status for the 
project—which is recognized as a leading example of green infrastructure in the Billings area and throughout 
Montana. (note: several other Billings region stormwater LID examples include Home on the Range and the 
Yellowstone Art Museum; also, in Kalispell, the Flathead Youth Home. Cost data were not available for 
these LID projects). 

Issues that need to be considered include: 

1. If the LID or conventional tools with the lowest capital construction cost(s) are chosen, how effective 
is each tool (or combination of tools) in volume reduction, pollutant reduction, whole life costs, on-
site benefits and communal / environmental costs and benefits? 

2. Since LID tools consume less “developable land”, will a reduced stormwater footprint (such as a 
downsized retention pond) result in an increased capacity to develop this terrain? 
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3. Are stormwater calculations being correctly and adequately adjusted to provide equitable examination 
of LID technologies?  (If not, systems risk being over-designed while underestimating the stormwater 
effectiveness of LID methods). 

Capital Cost Comparisons: 

Capital costs can be significantly reduced by minimizing the volume of runoff (through infiltration, 
evaporation, etc.), which directly relates to reduced infrastructure necessary (pipes, material, labor, 
etc.). Stormwater LID normally incorporates more than one type of practice, in order to build in 
redundancies and provide multiple on-site filtration methodologies. For example, in place of 
downslope retention ponds, a development may utilize biofiltration techniques on each lot, while also 
removing downspouts from rooftops, reducing or removing curb & gutter, and augmenting vegetation 
in swales. Costs of conventional stormwater conveyance are rarely compared to one specific stand 
alone LID technology (but can be). Material and labor costs are normally calculated for the entire 
development, as opposed to individual sections of the development. Nevertheless, estimated costs of 
such individual LID tools are presented to provide a certain comfort level to potential users. From a 
conservation design perspective, practices such as sidewalk and road width reduction, the elimination 
of curb & gutter, or the clustering of homes and preservation of open space can positively and 
substantially improve stormwater management. The majority of such designs are normally within the 
range of comparable engineering costs for conventional stormwater conveyance design. 

How Much is Too Much? (or not enough?): 

Simulated Performance of Stormwater Runoff Reduction BMPs 

Stormwater Reduction BMP                                                       Volume Reduction  
1. Downspout Disconnection (dd)                                                            12%  
2. Rain Barrel (w/ dd)                                                                               14%  
3. Rain Garden (w/ dd)                                                                             36%  
4. Rain barrel and Rain Garden (w/ dd)                                                   38%  
5. Green Roof                                                                                           22%  
6. Bioretention                                                                                          70%  
7. Green Parking Lot                                                                                76%  
8. Stormwater Trees                                                                                 10%  
Source: CDM  Milwaukee Metro study 

LID techniques such as bioretention and on-site water captivation can achieve considerable water quantity 
control reductions. Since conventional stormwater conveyance systems achieve no volume reduction, a 36% 
rain garden volume reduction can be very significant in terms of striving to maintain a site’s predevelopment 
peak discharge rate. At the forefront of erosion prevention techniques, maintaining and stabilizing on-site 
soils will improve vegetative capacity to absorb runoff, and will minimize the amount of downslope sediment 
control activity required. Even the simplest and cheapest task of disconnecting roof downspouts will produce 
a considerable (12%) volume reduction, but such tasks are best performed as components of an LID 
“treatment train”—planning and designing for Decentralized and Distributed stormwater Detention (3-D). 
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EPA Findings 
 
Seventeen case studies were evaluated for this report.  In general, the case studies demonstrated that LID 
practices can reduce project costs and improve environmental performance.  Although not all the benefits of 
the projects highlighted in the case studies were monetized, with a few exceptions, LID practices were shown 
to be both fiscally and environmentally beneficial to communities.  In a few case studies, initial project costs 
were higher than those for conventional designs; in most cases, however, significant savings were realized 
due to reduced costs for site grading and preparation, stormwater infrastructure, site paving, and 
landscaping.  Total capital cost savings ranged from 15 to 80 percent when LID methods were used, with a 
few exceptions in which LID project costs were higher than conventional stormwater management costs.  In 
all these cases, LID provided other benefits that were not monetized and factored into the project bottom line. 
These benefits include improved aesthetics, expanded recreational opportunities, increased property values 
due to the desirability of the lots and their proximity to open space, increased total number of units 
developed, increased marketing potential, and faster sales.  The case studies also provided other 
environmental benefits such as reduced runoff volumes and pollutant loadings to downstream waters, and 
reduced incidences of combined sewer overflows.  

Environmental Benefits: The following section on benefits is from “Reducing Stormwater Costs through 
Low Impact Development (LID) Strategies and Practices” December 2007 EPA 841-F-07-006. 

Pollution abatement. LID practices can reduce both the volume of runoff and the pollutant loadings 
discharged into receiving waters. LID practices result in pollutant removal through settling, filtration, 
adsorption, and biological uptake. Reductions in pollutant loadings to receiving waters, in turn, can improve 
habitat for aquatic and terrestrial wildlife and enhance recreational uses. Reducing pollutant loadings can also 
decrease stormwater and drinking water treatment costs by decreasing the need for regional stormwater 
management systems and expansions in drinking water treatment systems.  

 Protection of downstream water resources. The use of LID practices can help to prevent or reduce 
hydrologic impacts on receiving waters, reduce stream channel degradation from erosion and sedimentation, 
improve water quality, increase water supply, and enhance the recreational and aesthetic value of our natural 
resources. LID practices can be used to protect water resources that are downstream in the watershed. Other 
potential benefits include reduced incidence of illness from contact recreation activities such as swimming 
and wading, more robust and safer seafood supplies, and reduced medical treatment costs.   

Ground water recharge. LID practices also can be used to infiltrate runoff to recharge ground water. 
Growing water shortages nationwide increasingly indicate the need for water resource management strategies 
designed to integrate stormwater, drinking water, and wastewater programs to maximize benefits and 
minimize costs. Development pressures typically result in increases in the amount of impervious surface and 
volume of runoff. Infiltration practices can be used to replenish ground water and increase stream baseflow. 
Adequate baseflow to streams during dry weather is important because low ground water levels can lead to 
greater fluctuations in stream depth, flows, and temperatures, all of which can be detrimental to aquatic life.   

Habitat improvements. Innovative stormwater management techniques like LID or conservation design can 
be used to improve natural resources and wildlife habitat, maintain or increase land value, or avoid expensive 
mitigation costs. 
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Land Value and Quality of Life Benefits. Reduced downstream flooding and property damage. LID 
practices can be used to reduce downstream flooding through the reduction of peak flows and the total 
amount or volume of runoff. Flood prevention reduces property damage and can reduce the initial capital 
costs and the operation and maintenance costs of stormwater infrastructure. Strategies designed to manage 
runoff on-site or as close as possible to its point of generation can reduce erosion and sediment transport as 
well as reduce flooding and downstream erosion. As a result, the costs for cleanups and streambank 
restoration can be reduced or avoided altogether. The use of LID techniques also can help protect or restore 
floodplains, which can be used as park space or wildlife habitat. 

Real estate value/property tax revenue. Homeowners and property owners are willing to pay a premium to 
be located next to or near aesthetically pleasing amenities like water features, open space, and trails. Some 
stormwater treatment systems can be beneficial to developers because they can serve as a “water” feature or 
other visual or recreational amenity that can be used to market the property. These designs should be visually 
attractive and safe for the residents and should be considered an integral part of planning the development. 
Various LID projects and smart growth studies have shown that people are willing to pay more for clustered 
homes than conventionally designed subdivisions. Clustered housing with open space appreciated at a higher 
rate than conventionally designed subdivisions. EPA’s Economic Benefits of Runoff Controls describes 
numerous examples where developers and subsequent homeowners have received premiums for proximity to 
attractive stormwater management practices.  

Lot yield. LID practices typically do not require the large, contiguous areas of land that are usually necessary 
when traditional stormwater controls like ponds are used. In cases where LID practices are incorporated on 
individual house lots and along roadsides as part of the landscaping, land that would normally be dedicated 
for a stormwater pond or other large structural control can be developed with additional housing lots.   

Aesthetic value. LID techniques are usually attractive features because landscaping is an integral part of the 
designs. Designs that enhance a property’s aesthetics using trees, shrubs, and flowering plants that 
complement other landscaping features can be selected. The use of these designs may increase property 
values or result in faster sale of the property due to the perceived value of the “extra” landscaping addition, a 
LID project can have less of an environmental impact than a conventional project, thus requiring smaller 
impact fees.   

Public spaces/quality of life/public participation. Placing water quality practices on individual lots 
provides opportunities to involve homeowners in stormwater management and enhances public awareness of 
water quality issues. An American Lives, Inc., real estate study found that 77.7 percent of potential 
homeowners rated natural open space as “essential” or “very important” in planned communities. 

Compliance Incentives. Regulatory compliance credits. Many states recognize the positive benefits LID 
techniques offer, such as reduced wetland impacts. As a result, they might offer regulatory compliance 
credits, streamlined or simpler permit processes, and other incentives similar to those offered for other green 
practices. For example, in Maryland the volume required for the permanent pool of a wet pond can be 
reduced if rooftop runoff is infiltrated on-site using LID practices. This procedure allows rooftop area to be 
subtracted from the total impervious area, thereby reducing the required size of the permanent pool. In 
addition, a LID project can have less of an environmental impact than a conventional project, thus requiring 
smaller impact fees.   
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Final Summary: 

While exploring the realm of stormwater management tools, Low Impact Development can produce cost-
effective, short-term and long-term runoff reductions in terms of volumes, peak discharge rates and pollutant 
loads. Fact-finding and proper discretion is imperative, as geologic, hydrologic, ecologic and economic 
conditions can vary greatly. Stormwater calculators can readily assist developers, homeowners and 
communities with preliminary planning and stormwater design—whether it be for new residential 
development, infill projects, big box stores or property redevelopment. LID does not involve the import of a 
foreign technology—quite the opposite, LID maximizes the sustained and beneficial use of local natural 
resources, and mimics the thirst of land for moisture. Dependent on the particular site, LID may utilize 
several different methods of stormwater interventions to form a “treatment train” approach. Likewise, LID 
may be backed up by a more conventional detention basin, creating a hybrid stormwater pollution prevention 
approach. LID costs are not additive to site development--they are an alternative cost that considers the 
missed opportunities and environmental consequences of stormwater mismanagement. Case studies have 
proven that the potential for LID implementation is highly significant and valuable, and can be integrated at a 
multitude of site-specific levels. Whole life cost calculations will help model operational and maintenance 
costs that are inherent to all stormwater methodologies, LID and conventional alike. Such comprehensive 
costs should also be weighed alongside of watershed-based environmental costs and benefits—both 
quantitative and qualitative. Conventional stormwater conveyance costs frequently ignore whole-life costs 
and focus strictly on direct project costs, thus avoiding critical considerations of the functioning landscape 
such as on-site infiltration and down-slope erosion. The advantages of LID stormwater management are 
numerous, and the disadvantages are limited to the housekeeping of one’s property (removing sediment, 
maintaining vegetation, etc.). Municipal managers should acknowledge the community benefits reaped 
through enhanced LID pollutant removal, reduced downstream flooding, increased open space and habitat 
preservation. Low Impact Development has been proven as an effective and efficient stormwater 
management methodology. The adage “Not in my backyard” (NIMBY) does not apply, and should be 
replaced and enhanced with affordable, accessible, acceptable (AAA) on-site stormwater LID practices.  
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