URBAN
LOW IMPACT DEVELOPMENT

BEST MANAGEMENT PRACTICES
C MATRICES

CRWA developed the following three matrices with the intent to help municipal officials, developers and others with
the selection of Stormwater Best Management Practices (BMPs).  In the process of choosing an appropriate Low
Impact Development (LID) BMP, or set of BMPs, many factors need to be considered, including:

* stormwater managements goals,

* physical and site specific constraints and opportunities, and

e installation, operational, maintenance costs and requirements.

The following three matrices present a comparison of these factors for a set of BMPs particularly suited for urban
environments. The information compared here is based on data collected from a variety of sources which are listed
following the matrices.

MATRIX A: STORMWATER GOALS

This matrix is designed to provide guidance in selecting BMPs best suited to achieve a project’s stormwater management
goals. BMPs are rated for stormwater volume reduction, peak flow attenuation and water quality improvement.

MATRIX B: PHYSICAL FACTORS

Site conditions are important when choosing BMPs. Knowledge about minimum or maximum dimensions of storm-
water facilities, appropriate site slopes, minimum distance to groundwater, required setbacks to structures, minimum
or maximum area to be drained to the BMP, and suitable soils are vital in choosing appropriate BMPs. This matrix is
included to provide some of this critical information.

MATRIX C: INSTALLATION AND MAINTENANCE
COSTS AND REQUIREMENTS

Installation and maintenance costs are critical aspects when
selecting BMPs. This matrix compares cost of installation §
both as a unit cost and rated for cost per cubic foot of treated
runoff. Additionally, maintenance cost and requirements as
well as life span and other installation and operational factors
which are important to consider are listed.

Shown at right: Bioswale to process stormwater run-off
from the road.
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Matrix A: Stormwater Goals

P Bioretention Green Roof Rainwater Harvesting
orous
Pavement Constructed
(Concrete, Porous Pavers | Urban Forestry’ Stormwater Planter Vegetated Swale Wetland’ Wet Pond
Asphalt) Rain Garden Infiltration Flow-Through Tree Filter Extensive Intensive Cistern Rain Barrel
Planter Planter
Stormwater Flow
Volume Vv v? vvv? vvy Vv to VvV vy vv v iovv? vitovv?e Varies with size X Vi vvv?t Vto VvV
Reduction
[PEELS (A1 Y 2% vy vy I 0V | VS oV % v 7
Attenuation
Pollutant
Removal
TSS vvv vvv v Xto VVY vvv vV vvv vvv vvv vV Vv o VvV Vv to VvV ? ?
Total Phosphorus| v'v to vv'vV YV tovVVY ? vy vv Vv vy v x5 x5 vV to VvV vv X X
Total Nitrogen vvvy vvv ? v iovv?® vv vv vy v N X5 v v X X
Metals vvv vvv v Vv to VvV vvv vV vvv vv vvv vV vy vv ? ?
LEGEND: SOURCES:
Highly Effective vy AF, 2004 MA DEP, 2008 PA DEP, 2005
Moderately Effective vv CUFR, 2002 Mass Highway, 2004 PBES, Unkown year
Minimally Effective v CWP, 2007 MAPC, Unknown year SMRC, Unknown year
Not Effective X Davis, 2003 MMSD, 2007 UNHSC, 2008
Unknown ? Geiger, 2002 MSSC, 2006
NOTES:

'Based on model results for 15.3% tree canopy in 3.24", 24 hour storm; stormwater reduction by urban trees
will vary significantly with tree species, intensity and duration of rain events, tree spacing and arrangement,

and weather.

2 Assumes infiltration is possible

3 Storage volume = (green roof area) * (soil depth) * (soil porosity)
“Varies with storage capacity and water reuse practices

° Some studies indicate that green roofs may actually leach nutrients into stormwater runoff

°If soil media is > 30 inches

"To achieve high end Pollutant Removal rates refer to "The Next Generation of Stormwater Wetlands" (CWP, 2008)
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Matrix B: Physical Factors

Porous Bioretention Green Roof Rainwater Harvesting
Pavement Stormwater Planter Constructed
(Concrete, Porous Pavers | Urban Forestry Rain Garden Infiltration Flow-Through Tree Filter Vegetated Swale Extensive Intensive Wetland Wet Pond Cistern Rain Barrel
Asphalt Planter Planter

No minimum,
Site topography | Roof slope <40%, however 35 ft.
. : : must allow for slopes >15% elevation drop
Varies with widih [ 2 with side | require structures from inlet to outet Should be placed
Site Slope <10% <2% <30 % of filter box, W with s au uetu is recommended Y P
' <1206 slopes >0.5% and| to hold substrate {0 ensure that on flat surface
always <4% and slope in | and vegetation in hydraulic
flow direction <5% place conveyance by
gravity is feasible

10 ft. 10 ft.
downgradient of | downgradient of . N N
buildings, 100 ft. | buildings, 100 . | Setback 101t from 101t from 101t from of vegetation, - | foundations, 50 ft.{ foundations, 50 ft
Setbacks requirements vary - S - overhead from septic from septic
away from away from L buildings buildings buildings
drinking water drinking water by municipality setbacks may be | systems, 100 ft. | systems, 100 ft.
wells wells required from wells from wells

Varies by tree  |Uncompacted with Perme_ablllty rates
n . " - . P . > 0.3 in/hr, type A
Underlying soil | Permeability rates| Permeability rates| species, poor soil | infiltration rates > Suitable for "
. . . y K : . . and B soils are
requirements >0.25 in/hr >0.25 in/hr quality can reduce]| 2 in/hr (not all rain infiltration . .

B . ideal, soils need to

atree's lifespan | gardens infiltrate) 3
support vegetation|

nstri Non-infiltrating,
Less than 6" of More than 6" of Constructed o trat g_
N . " . wetlands can be |type C and D soils|
soil medium soil medium ) y
. . designed to are ideal, type A
required above required above N A
N . N . function on almost| and B soils will
roofing material | roofing material " -
any soil types require liners
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Matrix B: Physical Factors - Continued

Porous Bioretention Green Roof Rainwater Harvesting
Pavement Stormwater Planter Constructed
(Concrete, Porous Pavers | Urban Forestry Rain Garden Infiltration Flow-Through Tree Filter Vegetated Swale Extensive Intensive Wetland Wet Pond Cistern Rain Barrel
Asphalt Planter Planter

NOTES: SOURCES:
* Based on Filterra Bioretention Systems proprietary products Banneran, 2003
2 Using new stormwater wetland designs might CWP, 2007
reduce the required drainage area to <5 acres (CWP, 2008) GSMM, 2001
LIDC, 2005
LIDC, 2007
MA DEP, 2008

MassHighway, 2004
MAPC(a), Unknown Year
MAPC(b), Unknown Year
MSSC, 2006

PBES, Unknown Year
PBES, 2008

SMRC, Unknown Year
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Matrix C: Installation and Maintenance Costs and Requirements

Porous Bioretention Green Roof Rainwater Harvesting
Pavement Constructed
(Concrete, Porous Pavers | Urban Forestry Stormwater Planter Vegetated Swale Wetland Wet Pond
Rain Garden — Tree Filter Extensive Intensive Cistern Rain Barrel
Asphalt) Infiltration | Flow-Through
Planter Planter

Installation

$600-13,000, cost

Approximately

$20-100/tree; $8,000 - 10,000 to $7/sq. ft., will vary’ .W".I vary
installation cost is purchase a depending on significantly
Cost $7-15 sq. ft. $8-12 sq. ft . $10-12 sq. ft. $8/ sq. ft. $8/sq. ft. prefabricated P 9 of $5-25/sq. ft. $5-25/sq. ft. $0.90-2/ sq. ft. depending on the $85-250

approximately N extent of grading

system; $1,500 - N extent of
$1000 - 1200 : and infrastructure .

6,000 to install N accompanying
required .
plumbing system
Maintenance

Similar to
traditional
Frequency 3to 4 times/year | 2to 4 times/year | 2 to 3 times/year landscaping, 1to 2 times/year | 2 to 4 times/year
heavier in first two

More frequently in| More frequently in! Sediment Sediment
first two years, first two years, dredging dredging
annual/biannual | annual/biannual approximately approximately

once established | once established | every 15-25 years| every 15-25 years|

Indefinitely with Up to 20 years Up to 20 years
Varies 25 years proper longer than longer than 20+ years 25 years 25 years
maintenance traditional roof traditional roof

Approximately 25

Lifespan 15-25 years
years
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Matrix C: Installation and Maintenance Costs and Requirements - Continued

Porous Bioretention Green Roof Rainwater Harvesting
Pavement Por Paver. Urban Forestr Vegetated Swal Constructed Wet Pond
(Concrete, orous Pavers an Forestry Stormwater Planter ‘egetate ale Wetland et Po
Rain Garden n n Tree Filter Extensive Intensive Cistern Rain Barrel
Asphalt) Infiltration Flow-Through
Planter Planter

LEGEND: SOURCES:
High $96+/cubic ft. of treated runoff Banneran, 2007
Moderate $56-96/cubic ft. of treated runoff CWP, 2007
Low $21-55/cubic ft. of treated runoff GSMM, 2001
Very Low $0-20/cubic ft. of treated runoff LIDC, 2005
LIDC, 2007
MA DEP, 2008
MassHighway, 2004
Roy, 2007

PBES, Unknown Year
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Sources

American Forest (AF). (2004, January). The City of Laurel, MD: Rapid Ecosystem Analysis. Available at: http://www.
americanforests.org/download.php?file=/campaigns/ecological_services/laurel_md.pdf.

Ballestero, T.,]. Briggs, K. Houle, R. Roseen, J. Houle. (2007, Novemeber 14). Why Porous Asphalt for Stormwater
Management? University of New Hampshire University of New Hampshire Stormwater Center. PSU Cooperative Ex-
tension, the Centre County Conservation District and Clear Water Conservancy Workshop. Available at http://www.
unh.edu/erg/cstev/Presentations/porous_pavement_workshop_part_1_why.pdf.

Bannerman, R. and E. Considine. (2003). Rain Gardens: A How-to Manual for Homeowners. University of Wiscon-
sin—Extension and Wisconsin Department of Natural Resources. Available at: http://www.water.rutgers.edu/Rain_

Gardens/home.rgmanual.pdf.

Center for Urban Forest Research (CUFR). (2002, July). Urban Forest Research. http://www.fs.fed.us/psw/programs/
cufr/products/newsletters/ UF4.pdf#xml=http://www.fs.fed.us/cgi-bin/texis/searchallsites/search.allsites/xml. txt?query
=%22is+all+your+rain+going+down+the+drain%3F%22&db=allsites&id=47c504510.

Center for Watershed Protection (CWP). (2007, August). Urban Stormwater Retrofit Practices Appendices. Urban
Subwatershed Restoration Manual Series.

Center for Watershed Protection (CWP). (2008, February). Wetlands and Watersheds Article Series. Article 5: The

Next Generation of Stormwater Wetlands.

Geiger, J. (2002, July). Urban Forest Research. Center for Urban Forest Research. http://www.fs.fed.us/psw/programs/
cufr/products/newsletters/ UF4.pdf#xml=http://www.fs.fed.us/cgi-bin/texis/searchallsites/search.allsites/xml. txt?query
=%22is+all+your+rain+going+down+the+drain%3F%22&db=allsites&id=47c504510.

Davis, A., R. Stack, R. Kangas, JS Angle. (2003). Water Quality Improvement Using Rain Gardens: University of
Maryland Studies.

Georgia Stormwater Management Manual (GSMM). (2001, August). Modular Porous Paver Systems. Volume 2:
Technical Handbook. Available at: http://www.georgiastormwater.com/vol2/cover.pdf.

Liptan, T. and R. Murase. (2002). Handbook of Water Sensitive Planning and Design. Robert France, (Ed.), Water-
gardens as Stormwater Infrastructure in Portland, Oregon. CRC Press LLC.

Low Impact Development Center (LIDC). (2005, November). Low Impact Development for Big Box Retailers. Avail-
able at: http://www.lowimpactdevelopment.org/bigbox/lid%20articles/bigbox_final_doc.pdf.

Low Impact Development Center. (2007). Tree Box Filter. Urban Design Tools Low Impact Development. Accessed
December 27, 2007. http://www.lid-stormwater.net/treeboxfilter_sizing.htm.

Massachusetts Department of Environmental Protection (MA DEP). (2008, February). Massachusetts Stormwater
Handbook. Available at: http://www.mass.gov/dep/water/laws/policies.htm#storm.
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Sources - Continued

MassHighway and Massachusetts Department of Environmental Protection (MassHighway). (2004, May) The
MassHighway Stormwater Handbook for Highways and Bridges. Available at: http://www.mhd.state.ma.us//default.
asp?pgid=content/environ/envpublications02&sid=about.

METRO. (2002). Green Streets. Innovative Solutions for Stormwater and Stream Crossings.

Metropolitan Area Planning Council (MAPC(a)). (Unknown year). Massachusetts Low Impact Development Toolkit.
Fact Sheet #4 Green Roofs. Available at: http://www.mapc.org/regional_planning/LID/green_roofs.html.

Metropolitan Area Planning Council (MAPC(b)). (Unknown year). Massachusetts Low Impact Development Toolkit.
Fact Sheet #9 Vegetated Swales. Available at: http://www.mapc.org/regional_planning/LID/swales.html.

Milwaukee Metropolitan Sewerage District (MMSD). (2007). State of the Art Report; Chapter 4: Summary of Non-
point Source Technolgy Analysis. Available at: http://www.mmsd.com/wqji/.

Minnesota Stormwater Steering Committee (MSSC). (2006, September). Minnesota Stormwater Manual: Version
1.1. Available at: www.pca.state.mn.us/water/stormwater/stormwater-manual.html

Pennsylvania Department of Environmental Protection (PA DEP). (2005, January). Porous Pavement with Infiltra-
tion Bed. Pennsylvania Stormwater Best Management Practices Manual. Available at: http://www.dep.state.pa.us/dep/
deputate/watermgt/wc/subjects/stormwatermanagement/ BMP%20Manual/ BMP%20Manual htm.

Portland Bureau of Environmental Services (PBES). (2008). Stormwater Management Manual 2008 Public Review.
Available at: http://www.portlandonline.com/bes/index.cfm?c=45384&.

Portland Bureau of Environmental Services (PBES). (Unknown year). Vegetated Infiltration Basins. City of Portland
Stormwater Solutions Handbook.

Roy, S. (2007). GeoSyntec. Personal Communication.

The Stormwater Manager’s Research Center (SMRC). (Unknown year). Fact Sheets. Acessed March 18, 2008. hetp://
www.stormwatercenter.net/.

University of New Hampshire Stormwater Center (UNHSC). (2008). 2007 Annual Report. Available at: http://www.
unh.edu/erg/cstev/2007_stormwater_annual_report.pdf.
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