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Storm Water Detention

Provide extended 
storage for runoff 
generated in 25-year 
storm events
Onsite detention with 
a controlled release 
rate provides 
downstream erosion 
protection



Sources of Storm Water Pollution
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Pollutants, Sources, and Causes

Photo: FTC&H, 2007

Pathogens



Pollutants, Sources, and Causes

Photo: MDEQ, 2003

Nutrients



Pollutants, Sources, and Causes

Photo: MDEQ, 2003

Lack of Riparian Buffer



LID Storm Water Goals

Conserve critical 
features
Mimic natural 
conditions
Match runoff volume

Manage at the source



Low Impact Design

Storm water 
practices integrated 
throughout the site
Preserves natural 
systems and reduces 
hard surfaces



LID BMPs



BMP Benefits Calculator



Channel Evolution

Oxbows indicate 
decrease in channel 
sinuosity due to 
increased channel 
slope from down-
cutting of stream 
bottom. 



Channel Evolution













BMP Selection
and Design Process

Grassed swales
Rain gardens/bioretention
Native plantings
Porous pavement
Green roofs
Storm water reuse
Urban forestry
Public education





Grassed Swales

Grass swales can improve water quality and 
reduce runoff through infiltration and filtering
An effective alternative to curb and gutter 
systems 



Rain Garden Design



Rain Garden Design

Site Selection
Road shoulder right-of-ways
Front yards within right-of-way
Parkway planting strips
Parking lot planter islands
Cul-de-sacs
Residential back yards
Under downspouts 
(>10 feet from building foundation)



Rain Gardens/Bioretention

Frederik Meijer Gardens
Grand Rapids, Michigan

Image from WBDG



Rain Gardens/Native Plantings



Kelly Family Sports Center



Native Plantings



Sustainable Storm Water Design

Native Plantings

Western Michigan University 
Business Technology Research Park
Kalamazoo, Michigan



Porous Pavement

Reduces storm water runoff
Improves traction and safety
Effective in low-traffic areas
Can be installed in a wide
range of soil conditions



Porous Pavements

Benefits
Peak rate control
Volume control 
Groundwater recharge
Water quality 
treatment
Less susceptible  to 
freeze-thaw cycles
Potential savings  in 
infrastructure costs



Porous Asphalt



Porous Asphalt Parking Lots

During rain events



Porous Asphalt Parking Lots

During winter

Standard Asphalt Porous 
Asphalt



Porous Concrete



Porous Pavements

Porous Asphalt Porous Concrete

Standard 
Concrete

Open Pavers



Porous Concrete



Porous Concrete



Grand Valley State University

UNDERDRAIN
(Clay Subgrade Only)

STONE BASE/ 
WATER STORAGE

FILTER FABRIC CLAY SUBGRADE

Constructed in August 2004
Lot Q: 222 spaces for student parking
Lot R: 172 spaces for student parking

12-inch stone base on geotextile
fabric; underdrain system due to 
clay soils; 3-inch of porous asphalt 
(installed in one lift)



Maintenance Considerations

Porous Pavement
Do not blow grass onto 
pavement – mulch instead 
Do not sweep – vacuum
Striping is okay, but do not paint
Do not sealcoat



Sustainable Storm Water Design

Infiltration Trench/French Drain

Holland Hospital 
Holland, Michigan



Pretreatment and Spill 
Containment



Pretreatment and Spill 
Containment

l Settle Solids
l Trap Oils and Grease



Green Roofs



Green Roofs

Benefits
Peak rate control
Volume control 
Water quality 
treatment
Increased life span 
of roof – 60 years
Heating/cooling 
energy benefits



Green Roofs

City of East Grand Rapids



Green Roofs

Haworth Corporate Headquarters – Holland



Green Roofs

City of Grand Haven





Green Roofs

Reduces and improves storm water runoff
Retains 65% to 90% of summer 
precipitation, 25% to 40% of winter
Reduces need for onsite
storm water detention
Plant material 
filters pollutants



Green Roofs

Urban Heat Island reduction
Up to 90 degrees cooler than 
conventional roofing

Cleaner air
Stores carbon, absorbs pollution, 
and collects airborne particulates

Noise control
Can reduce indoor
sound by up to
40 decibels



Storm Water Reuse

Benefits
Peak rate control
Volume control 
Water quality treatment
Provides supplemental 
water supply



Storm Water Reuse

Underground Tank Storage
Multiple tanks can be piped 
in series
Access hatches for 
cleaning
Submersible pump/motor 
with water level sensors
Can be connected to 
potable water source,
if desired



Storm Water Reuse



Grand Valley State University



Wetlands

•Filtration
•Biological uptake
•Microbial treatment



Proposed Wetland Complex



Proposed Wetland Complex



Wetland Complex Project







Urban Forest
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