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city maintains the plantings along the lake’s 25-foot 
no-mow buffer. The city participates in an annual goose 
round-up, to help prevent goose droppings high in 
phosphorous from entering the lake. To further assist 
in water quality efforts, the city maintains a stringent 
street sweeping and catch basin cleaning program to 
keep sediment out of the lake. To date, there have been 
no additional costs incurred for maintenance practices, 
aside from DPW staff labor costs. 

Native vegetation for streambank stabilization and 
runoff infiltration

Source: Hubbell Roth & Clark, Inc.

Riparian education 
A workshop to educate the public about the importance 
of riparian protection was held. It informed riparian 
homeowners about the  purpose and scope of the Quar-
ton Lake project, and educated them on the importance 
of riparian buffers, restricted activities in the riparian 
zones (fertilizer use, feeding waterfowl/wildlife, dump-
ing yard wastes, etc.), shoreline stabilization techniques, 
permitting, and contractor issues and costs. 

Towar Rain Garden Drains
The Towar Rain Garden Drains used LID to completely 
retrofit a rain garden stormwater system in a neighbor-
hood setting. Located in Meridan Township and the 
City of East Lansing in Ingham County, MI., the system 
consists of two concurrent drain projects (Towar Snell 
Drain & Towar Gardens and Branches Drain) that were 
installed in the Towar Gardens neighborhood in 2006 
and 2007. These projects encompass approximately 
200 acres and impact over 400 homes. 

The Towar neighborhood experienced flooding of 
yards, roads, and basements for over 80 years prior to 

this project. The neighborhood is very flat, with only 
six feet of elevation from the lowest rear yard to the 
outlet more than a half-mile away. The project used 
rain gardens and installed them in areas where flooding 
historically occurred.

All the work was performed under the Michigan Drain 
Code, with more than 100 easements  gathered to install 
over 5.5-acres of rain gardens along streets and in rear 
yards. The rain gardens were planted using native 
species and were constructed with new soil media. More 
than 110 pounds of native wildflower seed was used to 
construct the rain gardens and nearly 52,000 plugs were 
planted. More than eight miles of county drains were 
constructed during the project. 

More than 150 individual rain gardens were constructed 
throughout the project, ranging from 100 square-feet, to 
areas larger than 2/3 acre. The main conveyance system 
consisted of small concrete pipes in the roadways that 
accepted the stormwater from the ditches and rear 
yards. This project is believed to be the largest urban 
retrofit of a stormwater system ever performed in the 
United States and the largest using rain gardens as the 
primary function to manage stormwater. It is the larg-
est LID project ever performed under the Drain Code 
in Michigan. Maintenance costs are variable, since 
activities will be more intense in the initial years after 
construction is complete and until native species are 
fully established. Once established, costs are expected 
to decrease substantially. 

Towar Drain neighborhood

Source: Fitzgerald Henne and Associates, Inc.
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The Ingham County Drain Commissioner is responsible 
for all maintenance activities under the laws of the Drain 
Code of 1956. Maintenance activities include removing 
invasive and weed species from the rain gardens, clean-
ing the perforated pipes from tree roots, and continuing 
education of the community regarding avoiding mowing 
and applying herbicide to the native plants.

Rain garden one year after establishment

Source: Fitzgerald Henne and Associates, Inc.

Kresge Foundation 
Headquarters
The site for  Kresge Headquarters is an historic farm-
stead set within the context of a completely altered 
landscape on a commercial business site in Troy, MI 
(Oakland County). The 2.76-acre site is a small oasis 
within a larger suburban-scale, corporate landscape. 

Porous pavers

Source: Conservation Design Forum, Inc.

Site goals
The Kresge site attempts to recreate historical hydrol-
ogy as an essential component of overall ecological 
performance, which is a key LID principle. In addition, 
the site provides habitat for the widest range of plant 
and animal life given its confined context and location. 
The site receives all of the rainwater that falls in its 2.76 
acres and uses much of it to support a diverse water-
based landscape. Any stormwater that is not infiltrated 
into the existing LID practices is treated onsite in the 
bioswale system before being released into the city 
storm drain.

The project objective was to create a workplace that 
promotes the well-being and productivity of staff and 
visitors. Because the Kresge Foundation invests in 
the sustainable development of hundreds of nonprofit 
facilities each year, sustainable planning of their own 
construction project was a main goal. As part of this 
green approach, the overall landscape goals for the 
Kresge Foundation Headquarters were twofold: 

1.	 To maintain rainwater onsite while using it as 
a resource, promoting infiltration of surplus 
stormwater, and

2.	 To create a healthy, vibrant landscape that could be 
installed and maintained without use of chemicals, 
large amounts of supplemental water from 
municipal sources, and other intensive measures. 

The strategy for site ecology was to incorporate LID 
practices into practically every portion of the site. This 
project includes the following LID BMPs:

•	 Minimize total disturbed area,

•	 Vegetated roof,

•	 Pervious pavement,

•	 Native landscaping,

•	 Bioswales,

•	 Constructed wetland, and

•	 Water collection and reuse.

Minimize total disturbed area
The historic farmhouse remains as the cornerstone for 
the new building. Other historic outbuildings were rear-
ranged to maximize the efficiency of the site. The new 
building is stacked on two levels and set into the site. 
The parking lot is tucked on the eastern edge of the site, 
and has a minimal number of parking spaces. A portion 
of the building has a vegetated green roof system. The 
green, or planted, portion of the site is 1.76 acres, or 
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approximately 63.4 percent of the total site area (2.76 
acres). More than 63 percent of the site was restored as 
landscape area and open space. 

Vegetated roof
The portion of the roof surface that is at-grade (3,213 
square feet) is established with a green roof using a 
mid-range grass planting mix. Rainwater from the 
upper portions of the roof is directed into the green 
roof, where it is cooled and used. Overflow water is 
then directed to the lower constructed wetland/pond 
(see below). Surplus rainwater is stored and reused to 
irrigate the green roof during periods of drought.

Vegetated roof with meadow grass

Source: Conservation Design Forum, Inc.

Pervious pavement
The parking lot is constructed with interlocking 
concrete pavers that have gaps filled with crushed stone 
and underlain with open-graded gravel. This porous 
paving system allows the water falling on its surface to 
be cooled, filtered, and infiltrated into the ground. Over-
flow water is directed to the bioswale systems.

Native landscaping
The entire site was planted with a range of native and 
adapted grasses and flowering perennials (primarily 
prairie species) that thrive without supplemental water 
once established. The landscape was organized into 
ornamental edges, panels, and zones to address views, 
programming, and the suburban and historic context of 
the site. The landscape is managed as a natural system 
and, where feasible, existing trees were retained. Since 
controlled burning is not permitted in this area, the land-
scape was designed with a hybrid native/adapted plant 
mix that will thrive with minimal input once fully estab-

lished. Invasive species removal and annual removal of 
the dormant material through mowing are the primary 
stewardship activities. As the root systems of the native 
plants, especially the grasses, become fully established, 
invasive species will be crowded out and be less of an 
issue. More importantly, the landscape will become 
progressively better at receiving rainwater sustainably, 
and returning it to the ground without any runoff.

Native landscaping prairie mix

Source: Conservation Design Forum, Inc.

Bioswales
Surplus rainwater is directed to a bioswale system. The 
bioswale is constructed with amended topsoil, underlain 
with stone, and planted with deep-rooted grasses. The 
bioswale slows and further cleanses and cools the rain-
water, allowing more of it to return to the atmosphere 
in the form of evapotranspiration. The bioswale system 
then overflows into the city storm drain only in the 
heaviest rain events and when the ground is saturated. 

Bioswale along parking lot

Source: Conservation Design Forum, Inc.
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Constructed wetland
The lowest portion of the site was developed as a 
constructed wetland pond. It is a lined basin meant 
to have a permanent water surface, with a planted 
wetland fringe mimicking a native system. Rainwater 
that overflows from the roof and portions of the site are 
directed to this pond. If the water level rises more than 
six inches, surplus water is drawn into the cistern for 
future reuse. If the water level draws down during dry 
periods by more than six inches, water from the cistern 
is allowed to flow back in. This keeps a fairly constant 
water level to maintain a high quality wetland habitat 
and also allows the pond to be part of the stormwater 
management system.

Water collection and reuse
The entire landscape thrives without the use of potable 
water. Rainwater is harvested, treated, and stored in a 
cistern to provide water for the constructed wetland and 
supplemental water for the green roof system. In order to 
optimize this system, a water budget was developed and 
used as a design tool. The amount of water potentially 
generated from rainwater (supply) was compared with 
water needs (demand). An analysis of the water budget 
throughout the year led to refinement of the design and 
sizing of the water landscapes and storage elements.

The green roof systems contain a permanent irrigation 
system and the created wetland on the south side of the 
building is topped off when the water level drops below 
a prescribed depth. Water for green roof irrigation and 
refilling of the pond is supplied by collected rainwa-
ter from the new building roofs, the barn, the utility 
corridor, the landscape, and water that falls within the 
courtyard and the created wetland. The runoff water 
drains by gravity to the aquatic wetland and is then 
pumped to the 18,000 gallon cistern for later reuse. The 
water is reused on the four intensive green roofs that are 
vegetated with a native grass mix, and also to replace 
evaporated water from the created wetland. The aver-
age monthly volume of collected rainwater exceeds the 
average monthly demand by more than 50 percent. The 
cistern is of sufficient size to provide more than three 
weeks of water demand to average out monthly vari-
ability and extended periods without rain.

Irrigation water is applied to the green roof drainage 
layer using a trickle system. Irrigation water is held with 
the drainage layer using “ridges” two inches in height, 
at sufficient spacing to cause an average ponding depth 
of 1.25 inches, which equates to an irrigation volume 
of 0.5 inches over the roof area (40 percent pore space 
within the drainage layer media). If the lowest irrigation 
ridge is not full at the sensor, it will call for the pump to 
operate and for the drip box water supply valve to open. 
When the sensor indicates that the system is full of 
water at that bottom edge of the roof, it signals the valve 
to shut. Once all the systems are full of water, the pump 
shuts off. When the cistern is empty, the system does 
not operate. The maximum irrigation interval is once 
every other week. The water discharge module consists 
of drip box, water discharge with shut-off and flow 
control valves, and a distribution pipe. The discharge 
module discharges irrigation water consistently along 
the top roof edge. 

Wetland along building

Source: Conservation Design Forum, Inc.
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Cistern at Kresge Foundation

Source: Conservation Design Forum, Inc.

When the water level in the created wetland drops two 
inches below normal water level, the pond is refilled to 
the normal water level using water in the cistern. The 
required volume to refill the two-inch drawdown is 
approximately 6,600 gallons. The 18,000 gallon cistern 
has sufficient volume to refill the drawdown more than 
2.5 times. The average monthly water supply exceeds 
the average monthly water demand by more than 50 
percent. The cistern has sufficient volume to supply 
more than three weeks of irrigation and refill the created 
wetland water feature.

Decentralized stormwater management
The integrated stormwater management design treats 
water as a resource, and allows water to flow over land, 
thus allowing ample opportunity to infiltrate back into 
the ground. Water is also collected and conveyed under-
ground in the bioswale zones. The stormwater harvesting 
cistern is above ground, and serves as an icon and part 
of the Kresge Foundation image. The 18,000-gallon 
cistern is reminiscent of the “historic farm aesthetic,” 
and is visible from Big Beaver Road, making a dramatic 
statement about Kresge’s commitment to water conser-
vation and natural resource preservation. The green 
roof landscape systems are permanently irrigated by a 
cistern system that collects and reuses rainwater in a 
drip fashion. A typical Midwestern office campus with 
turf vegetation would require irrigation at a rate of one 
inch per week (Source: Purdue University, State of Indi-
ana and U.S. Department of Agriculture Cooperative). 
The native landscape established at the Kresge Founda-
tion Headquarters requires no irrigation. 

Lessons learned 
The City of Troy was interested in having BMPs and 
LID tools implemented within their city. They were a 
very helpful partner in bringing innovation to this proj-
ect, approving the design, and were involved from the 
early stages reviewing design documents and providing 
feedback. 

It is critical to work closely with the contractor, and for 
the designer to be onsite regularly overseeing construc-
tion and stewardship. It was also advantageous to have 
well written specifications that require submittals and 
approvals for various products. This kept the landscape 
architect in the conversation, and required review of 
issues before they were installed. While onsite during 
one field visit, the porous paver parking lot was being 
constructed using a sand setting bed, rather than the 
aggregate material from the detail. The construction 
was halted immediately, and testing was completed to 
document the infiltration capacity. The owner agreed 
to a warranty period extension, allowing the rest of 
the parking lot to be constructed using the specified 
material. To date, there has been no sign of a lack of 
infiltration. 

It is important to communicate the establishment 
process and aesthetic considerations very clearly to the 
client (and all occupants of a particular project), so that 
all expectations are clear and resolved. Construction 
schedule impacts also need to be clearly understood 
throughout the implementation process.




