A. Upper and middle reaches of Allen’s Creek
Introduction to upper, middle, and lower reach drainage in Allen’s Creek


A natural creek system (i.e. one that is not impacted by human processes) can be divided into three segments: the upper, middle, and lower reaches. The upper reach is the zone which permits infiltration before the channelization of stormwater runoff occurs.  This zone is shown in dark orange below on the map (Figure 25).  The middle reach is defined as the region in which surface flow, or runoff, occurs across the landscape (more rapidly than in the upper reach) to a centralized creek channel.  This region is shown in orange on the map below. The lower reach is the area within the floodplain and is shown in yellow on the map below.
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Allen’s Creek today is far from functioning as a natural drainage system.  The percentage of impervious cover, loss of natural floodplain functions, and placement of the creek into storm sewer pipes, have compromised its natural integrity.  Currently, impervious surface percentages in some sections of the system’s headwaters, such as along Stadium Boulevard, have reached 95%, development has effectively claimed 310 acres in the floodway and floodplain, and more than 96% of Allen’s Creek operates within the confines of a crumbling storm sewer system.  To further analyze the complexities of this drainage system and evaluate possible solutions, the Murray-Washington branch was chosen as it well represents the many environmental factors caused by development throughout the entire creekshed.  As has been reported, Allen’s Creek is a major contributor of phosphorous and nitrogen (mostly from overfertilization of residential lawns) and oils, solvents, and salts from automobile use to the Huron River.  It also has a low time of concentration measure stemming from fast surface drainage off the vast parking lots used by commercial businesses.  The Murray-Washington branch has the highest percentages of residential and commercial land uses in the watershed.  It also has a lower percentage of recreation and woodlot land uses, which generally collect and store stormwater thereby minimizing runoff (Table 1).


The Murray-Washington branch is the middle of the three western branches that discharge stormwater from the Stadium Boulevard commercial district through Ann Arbor’s western neighborhoods to the main branch.  This drain is comprised of nine subwatersheds totaling 761.6 acres.  The current land uses and acreage (as well as the percent of total land use acreage) can be described as: 624.5 acres of residential parcels (82.0%), 53.4 acres of commercial/shopping centers (7.0%), 9.1 acres of recreational greenspace (1.2%), and 8.1 acres of institutional/office parcels (1.1%).  Transportation and industrial make up the remaining land uses. Interspersed throughout this branch, and within the above land use categories, are large masses of central hardwood and non-forested herbaceous/shrubland, totaling 55.8 acres (Table 1).


Within this branch, historical development patterns have placed the heavily compacted commercial district, with its high level of impervious surfaces and extensive storm sewer system, in the headwaters zone. The upper reach was calculated to be 358 acres in size. Ecological problems arise as development consumes land in the upper reach, infiltration is sacrificed and water drains off the land through the curb and gutter system.  Pollutants and sediments related to land uses dominated by automobile traffic are common here.  Without the existence of infiltration zones these pollutants and sediments flush through the storm sewers with high intensities and extreme speeds creating erosion downstream.  Today the upper infiltration zone is effectively only 250 acres in size, based on SEMCOG impervious surface calculations.  This is a 30% reduction in the amount of land available for infiltration in this zone.  This loss of land produces higher surges of stormwater flowing through the creek.  These surges wash more pollutants, collect more sediment, and remove more plants, which serve to stabilize the soils and also are used as habitat for aquatic insects in the creek.  This reduction in the amount of stormwater infiltrated also leads to a reduction in the time of concentration.


In the middle reaches of the creek the problems are loss of land used for infiltration and erosional effects of stormwater surges from upstream flows. The middle reach area was calculated to be 359 acres in size based on current above ground drainage patterns.  This zone is also densely developed as residential.  The land use categories of single-family and low/high rise residential have average impervious surface percentages of 37.8 and 51.4, respectively.  These percentages are based on the accumulative size of the roof, driveway, roads and all sidewalks.  Today these impediments to infiltration effectively reduce the middle reach infiltration zone to 238 acres, or a loss of approximately 34% infiltration capacity.  Typically, residential areas have large percentages of lawn areas but even these turf zones are not suitable for maximum stormwater infiltration regardless of soil type.  The root system of turf grasses only reach depths of about ½ inch.  Other regionally native grasses can have root systems that reach depths of 15 feet.  Through capillary action, water can flow through the channels formed by the plants’ roots in the soil, effectively allowing more water to reach the subsurface water table more easily.  Also, native grasses build a thick mat of organic material on the ground surrounding the stem to store water for later use.  Turf grasses are groomed to grow into a dense mat that allows little percolation resulting in runoff rates resembling that of concrete during rainstorms (provided there are not surface depressions to detain the stormwater).


Loss of infiltration capacity upstream degrades the stream stability in the middle reaches with its high surges of stormwater.  A natural method by which water from upstream is stored and the velocity slowed is through the use of floodplains.  But construction of floodplains along this branch is not an option because existing development prohibits it.  If this problem could be resolved, the ability to daylight the creek (and install floodplains) might be feasible. There is one open segment in the Murray-Washington branch, of which more details are given later in this chapter, that does have a small floodplain capability.  But this short section does not offer the quantity of land needed to naturally relieve the surge effects of stormwater from even a small storm event.  Overall, the density of development in this region exacerbates the problems experienced from the lack of infiltration both in this and the headwaters zone.  The problems associated with the accumulated quantities and velocity of the channelized stormwater is carried to the lower reaches of this branch of Allen’s Creek.


The lower reach of the Murray-Washington branch is predominantly developed as commercial, institutional, municipal, and industrial land uses.  The capability for infiltration in this zone is also diminished due to the high amounts of impervious surfaces.  But this section is different in that a large portion is within the FEMA delineated floodplain zone.  This floodplain zone, which is suitable for storage during a 100-year storm, currently has more than 1000 residential, 35 commercial, 18 office, and 16 industrial buildings in it.  Once the stormwater has reached this zone conveyance (in a storm pipe) is the only natural function possible as the sheer volume of water traveling at high velocities prohibits storage or infiltration.

Table 1  Description of Allen’s Creek Watershed by land use categories

	Allen's Creek watershed
	Residential^
	Commercial
	Inst/Office
	Recreational
	* Totals
	**Woodlots

	acres in entire watershed
	1,652.79
	113.62
	628.89
	506.06
	3,397.79
	490.18

	percent of land use (%)
	48.64
	3.34
	18.51
	14.89
	85.38
	14.43

	
	
	
	
	
	
	

	Western branches
	
	
	
	
	
	

	Murray-Washington
	
	
	
	
	
	

	acres in branch by land use
	624.50
	53.40
	8.10
	9.10
	761.60
	55.80

	percent of land use (%)
	82.00
	7.01
	1.06
	1.19
	91.26
	7.30

	
	
	
	
	
	
	

	Miller-West Park
	
	
	
	
	
	

	acres in branch by land use
	419.94
	9.86
	38.85
	74.89
	745.20
	139.84

	percent of land use (%)
	56.35
	1.32
	5.21
	10.05
	72.93
	18.77

	
	
	
	
	
	
	

	Eberwhite
	
	
	
	
	
	

	acres in branch by land use
	230.99
	0.00
	23.86
	39.50
	302.61
	123.55

	percent of land use (%)
	76.33
	0.00
	7.88
	13.05
	97.26
	40.83


*Transportation and Industrial land use categories were not included due to insignificant amounts in all branches.  (Example: Industrial land use was > 20% in Miller-West Park branch but < 1% in Eberwhite branch)

**Woodlots were added to analyze the amount of existing natural space with the realization that this is included in the other land use categories already.  The percent land use is based on the land use totals and is for comparison use only.  

^City of Ann Arbor Planning Department Land Use Codes 110, 120, 130 only (residential), all other codes in data supplied from above categories were included

Management techniques for the upper and middle reaches of Allen’s Creek Watershed


In Allen’s Creek Watershed the majority private residences are located within the upper and middle reaches. The management techniques that are proposed for these reaches were selected based on their abilities to facilitate participation in and understanding of stormwater management among the residents of the watershed. As was stated in Chapter 1, participation and understanding are key elements required to gain peoples’ support of a management plan. The use of rainbarrels, rain gardens, infiltration zones, and the reduction of impervious surfaces are the four management techniques being proposed for these portions of the watershed. Residents would be able to participate in the management of stormwater by using rainbarrels and installing rain gardens on their own property. The use of infiltration zones and the reduction of impervious surfaces would help the residents to understand the large quantities of runoff that result from the loss of permeable ground. They will be discussed in the order listed above, based on their increasing scale of application. Rainbarrels have the smallest scale, only collecting rainfall from residential rooftops. Next in scale are rain gardens, which have the potential to capture all of the rainfall from a residential lot given proper conditions. Depending on their size, infiltration zones can have the capacity to take in stormwater runoff from an entire neighborhood or subwatershed. Finally, the reduction of impervious surfaces is a technique that could be used throughout the entire area of the upper and middle reaches providing more surface area for stormwater to infiltrate into the ground instead of entering the storm sewer system. Used in combination, these four techniques have potential to help alleviate the flooding and water quality problems that Allen’s Creek Watershed currently experiences.  

Rainbarrels/ Downspout Disconnect Programs
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Rainbarrel programs have proven to be an effective means to raise awareness for water conservation and water quality.  Progressive municipalities, non-governmental agencies, and community groups have used rainbarrels for decades to teach citizens how individuals, involved at the residential scale, can make a difference at the global scale.  Typically rainbarrel programs have started as pilot or grant programs, and have been used as an effective means for preserving freshwater by using stormwater for outdoor watering uses, increasing water quality in nearby water bodies, and/or reducing stormwater impacts downstream.  In addition, most programs specifically addressed raising awareness of the intrinsic value of stormwater as a resource while diminishing the potentially devastating flows by reducing quantities of stormwater in the headwaters.

Using rainbarrels for storage of freshwater

In arid regions and across drought stricken areas, municipalities in the U.S., Canada, and across the world have implemented rainbarrel programs dominantly as a means to avoid using municipal water for outdoor uses such as lawn and garden watering and car washing.  Collecting rainwater off rooftops is a freshwater source that can be used during drought periods in the summer months.  Generally, in the summer months, reservoirs and water table levels drop and municipalities across the continent issue outdoor no-use water warnings or implement odd-even day programs because of the reduced water availability.  In the past few years, in Southeastern Michigan, Pittsfield Township and other Ann Arbor area municipalities have used roving city building inspectors to fine property owners that have ignored the mandatory outdoor no-use water rules.  Warren, a northern suburb of Detroit, has implemented a program that mandates city-supplied water can only be used (sparingly) outdoors if the last digit of your address and the date are both odd (or both even) numbers.  While these cities have not yet developed a program to store rainwater for outdoor uses, others like Austin, Texas and the Texas Water Development Board have.

Austin’s municipal program (established in 2001) is an ongoing effort whereby citizens present their water utility bill to receive an inexpensive rainbarrel and receive rebates on additional barrels.
  Although a common human behavioral trait is to forget about this rain collection implement, in the dry summer months it moves to the forefront of consumers minds.  This municipal program has been successful largely because the rainbarrels are specifically linked in citizens’ minds to that rain-sparse season.  A state agency, The Texas Water Development Board, promotes rainbarrels and cisterns not only as a cost effective source for freshwater but as a method for controlling environmental damage associated with large amounts of stormwater flowing across the landscape.
  A part of this organization proactively promotes the collection and use of rainwater for all household, commercial, industrial, and farm uses.  The historical use and the contemporary improvements on this type of system is what prompted a University of Washington-Seattle landscape architecture professor to write how rainwater collection (and its required architecture) is part of the culture across the world.
  Traditionally water collection devices have tainted the freshwater with dangerous compounds due to the use of toxic materials (i.e. lead, zinc, and wood treated with preservatives) in construction or due to poor maintenance on the system (rust, buildup of sediments).  New technologies have permitted cisterns to be built from rubber and plastics, which are less toxic when in contact with potable water.  Small cisterns, called rainbarrels, were reintroduced after cisterns experienced a period of unpopularity in the U. S. and across Canada. 
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Vancouver’s rainbarrel program began in 1995 as a water conservation method.  In Vancouver, lawn and water gardening make up almost 40% of total household water use during the summer.
  The city has estimated that “each barrel will save about 1300 gallons of water during the peak summer months when demand for water is high and precipitation is low.”
The company that supplies their rainbarrels has sold over 3000 in Vancouver, Seattle, and the Northern Washington Region.

Using rainbarrels for stormwater diversion and awareness

Other municipalities have implemented rainbarrel programs as an aid to teach and demonstrate to citizens the value in collecting stormwater and stormwater’s potential detriments to the environment.  Reduction in, or avoidance of, these detriments comes in the form of individualized storage of stormwater where it falls thereby reducing the amount of water channelized downstream.  The city of Etobicoke, the Ontario Ministry of the Environment and Energy, Environment Canada's Great Lakes 2000 Cleanup Fund, and Stormceptor Canada began the City of Etobicoke rainbarrel program in July 1994. This program “tied in with the City's Stormwater Management Policy and Program that was adopted by Council in 1992. The Stormwater Management Program identifies water as a resource that can be used to restore the hydrologic cycle in urban areas while increasing watercourse baseflows and removing pollutants from the water to assist in enhancing the water quality in surface water resources.”
  The City of Etobicoke uses a combined sewer overflow (CSO) system (collects both sanitary and stormwater in the same pipe) that delivers all water to a sewage treatment plant.  Sometimes, when the system is beyond its capacity, raw sewage water overflows to the nearest stream.  To reduce the impacts of this environmentally destructive practice, stormwater diversion is obligatory.  The community’s environmental awareness and their ability to participate in the solution is the reason this program has been successful.  Newspaper advertisements attracted the most citizens; the City of Etobicoke initially received over 300 applications for rainbarrels.  This rainbarrel program is an extension of the downspout disconnect program through the public works department very similar to the City of Toronto’s programs.
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The City of Toronto has a combined sewer overflow system (CSO) as well.  To combat the sewage overflows to Lake Ontario the downspout disconnect program began in 1996.  Beginning with only a few hundred new property owners per year in the program’s infancy, word of mouth and advertisement on the comprehensive city home page attracted about 2000 households in the year 2001.  The process of completing a downspout disconnection begins with the homeowner’s phone call to the City’s Public Works Office.  A city inspector then visits the property to evaluate three factors key to proper disconnect operation.  These factors are: size of drainage field (most often back lawn), presence of operating gutter/downspout system, and location of home on the city’s soil permeability map.  Upon passing the city’s inspection, a private contractor is scheduled for an installation date.  The contractor is paid $500(CA) for each installation.  This service call covers corrections to the gutter’s operational problems (noted by the city inspector), installation of a rainbarrel and/or a flexible bypass line to the lawn area.  To date over 10,000 disconnects have been performed.  The rainbarrel program serves as a focal piece, or an ecological attraction, to the disconnect program.  The city offers complementary rainbarrels which are constructed of reused plastic Greek olive barrels (50 gallons) that are fitted with screen lids, spigot, and overflow valves.  Additional rainbarrels are available for $20(CA) to cover the cost of the retrofit hardware.  By continuously attracting new homeowners, the ongoing programs allow the city to reliably divert stormwater from the CSO’s to localized infiltration beds across the city.  

Many environmental organizations have also implemented programs to divert water from storm sewers.  Friends of the Rouge (River) began a rainbarrel program in one Dearborn, Michigan neighborhood to coincide with a Michigan Department of Environmental Quality (MDEQ) two-year water quality study on the Rouge River during the years 1999-2001.  The Rouge River is a third order river basin that drains all the urban communities of Wayne County to the Detroit River and eventually Lake Erie.  Through direct mailings, residents of the two Dearborn neighborhoods were targeted for rain diversion barrels beginning on Earth Week 1999.  The two residential (single-family) neighborhoods drain to a section of the Rouge River slightly upstream from where the MDEQ test sampling equipment would be stationed.  The project was paid for by a grant from the Great Lakes Protection Fund and supplied 500 Spruce Creek Company barrels to be distributed to participants.  Due to some inefficiencies between the Friends of the Rouge and the City of Dearborn not all of the rainbarrels were distributed and a clear analysis of the impact rainbarrels have on the water quality of the Rouge was not completed.
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Environment Canada introduced their Project Green rainbarrel program in 1996 to cover the Essex-Windsor area.  The non-profit community environmental organization in Southwestern Ontario, Canada, had planned to sell 1000 rainbarrels over an 18-month period but was overwhelmed by the community’s response.  More than 1400 requests were received in the initial offering which was acceptable because “Project Green subsists on sales of low-cost conservation and environmental products and service contracts aimed at conservation and environmental protection.”
  In coordination with this organization’s “Downspout Disconnect” program, the use of “1000 rainbarrels by area homeowners could divert as much as 30 million liters (7.8 million gallons) of water annually from sewer and waste treatment systems.”
  This diverted water reduces the risk of storm sewers exceeding capacity during wet weather flows and sending untreated sewage to the Detroit River.  Lake St. Clair and Detroit River are designated international areas of concern by the International Joint Commission (IJC), the Canada-U.S. body that monitors the Great Lakes Water Quality Agreement between the two countries.  The 65 gallon plastic barrels are sold individually for $25-$40 a piece with instructions that a soaker hose be attached to the overflow valve for efficiency of water dispersion and to ensure the barrel will be empty for the next rain event.

The Huron River Watershed Council is beginning a rainbarrel program with the City of Ann Arbor beginning in 2002.  The 50 gallon plastic barrels will raise the community’s awareness of water quality issues, divert water from the storm drains, and provide a very small amount of relief from stormwater to the sewers and the downstream properties during heavy rain events.  The pilot program will distribute 500 rainbarrels within  the City of Ann Arbor in the years 2002-2003.

Evaluating Rainbarrel program effectiveness for Allen’s Creek 

To evaluate whether rainbarrel programs are an effective means of diverting stormwater from Allen’s Creek is an arduous task.  Tangible results are difficult to calculate with exact certainty.  Recently, civil engineers in Ann Arbor’s Water/Utility Department performed an informal calculation to determine exactly how many rainbarrels each residence would need to contain a 100-year storm event.  For the sake of the calculations they used figures that the rooftop of each residence is an average of 1500 ft2, their target rain event precipitates 4” in a 6-hour period, and the rainbarrels would have no overflow mechanism to distribute water to a pervious surface.  Their results indicate that each residence would need 40-55 rainbarrels, each with a 55-gallon capacity.
  With the average cost per rainbarrel in the programs reviewed being $45 the cost of implementing this program would be staggering, not to mention the fact that no one would want four-dozen rainbarrels in their yard.  But what is not factored into this cost is the benefit of citizen awareness and education through participation.

  Most, if not all, of the programs reviewed, set their highest priority as raising awareness about the watershed in which they live.  Participation is one method by which humans learn and by which they can care for their environment.  In many large-scale dilemmas, solutions may seem out of reach, but by becoming involved participation, people realize that they can contribute to finding a solution may be through participation.  Realization of the importance of this human trait has made worldwide programs like Earth Day (now becoming Earth Week), March of Dimes WalkAmerica, and Americorps highly successful.  Local programs have also realized the weight that empowerment by participation has on the environment.

There are three water quality programs currently operating in Washtenaw County, which concentrate on small urban creeks similar to Allen’s and use participation as a key element.  Each of these programs has a different focus but each has the goal of teaching citizens how these creeks operate and how through education and participation water quality has and will continue to improve.  

The Office of the WCDC has a program called Community Partners for Clean Streams which, through outreach to Washtenaw County businesses and institutions, educates them as to how their individual businesses can develop ecologically sound business practices to restore and attain higher water qualities in the watershed in which they operate.
  Another example is the Adopt-A-Stream program which constituted a partnership between this county government body and the Huron River Watershed Council (HRWC), a non-profit environmental organization.  This program enables people to learn through scientific measurement and analytical processes.  All are welcome regardless of previous experience.
  Because they, individually and as a group, perform and track the changes in water quality in each watershed, these changes are significant in their lives.

The Huron River Watershed Council also has a program called the Middle Huron Watershed Initiative.  This program actively establishes partnerships with groups such as the Allen’s Creek Watershed Group (ACWG) to educate homeowners about how through their individual behaviors the plan for attaining “federal and state water quality standards [can be accomplished] through resource protection and pollution prevention.”

To provide a specific example to give an understanding of how rainbarrels specifically divert stormwater in Allen’s Creek Watershed a simple calculation was performed.  There are 1306 single-family homes in the Murray-Washington branch alone.  Optimistically assume the average participation rate is between 30% (the average from reviewed rainbarrel programs is less than 20%).  We know one inch of rain diverts 625 gallons of water from a 1000 ft2 roof.
  Therefore one 55-gallon rainbarrel in the backyards of 392 homes diverts only 21,549 gallons from this branch in each storm.  This figure assumes that only one rainbarrel per participant, therefore multiple rainbarrels are not linked together, overflow hoses distributing water to lawn area are not used, and no downspouts have been disconnected at other single-family homes.  Using the rational method, in a 3.4 inch rainstorm (a 10-year storm) over the Murray-Washington branch surface area alone, more than 232 million gallons are generated.
  Granted, 21,549 gallons is only a drop in the bucket (about .093%), but enabling the public with a program that has small costs, multiple benefits, and allows them to make a difference with every rain event is a sound investment.  And if an agreement with a local restaurant, car wash, or light industry is established that could provide $20 rainbarrels, many home’s downspouts could be disconnected and rainbarrels installed inexpensively.  With a total cost, for assembly and distribution of rainbarrels by a volunteer community organization, the cost would be about $7840 (assuming no other costs incurred).   The value in this lies in heightened awareness of the watershed’s issues.  This program would help the public become aware and comprehend the myriad issues in this watershed through participation and the continuous distribution of updated information.

Allen’s Creek has many problems and few solutions.  Many of the past engineering solutions proposed, have been highly technical, at large scales, and generally out-of-reach of the community.  However, rainbarrels may appear ineffective on the books but in a city with citizens that internalize problems in the natural environment caused by urban conditions this program may one day effectively minimize surface runoff at the source.  As rainbarrels could never collect all the stormwater runoff in our cities, the overflow discharge would collect in the next method: rain gardens.

Rain gardens

What is a rain garden?
Rain gardens are an alternative stormwater management practice. They are small-scale stormwater infiltration devices that may replace and/or supplement conventional detention basins on residential or commercial sites. However, they are not designed to retain water and should infiltrate all water within four to six hours.
 Ideally, rain gardens are designed to mimic predevelopment conditions and should be able to maintain the predevelopment hydrograph for all storm events.
 They are related to the “bioswales” used in the Pacific Northwest, the difference being that a bioswale is designed to move water along a planted swale and allow it to infiltrate along the way, whereas a rain garden is a depression designed to keep the water stationary and allow it to infiltrate.
 There are some exceptions to this definition, sometimes when rain gardens are used on a neighborhood scale or at commercial sites soils conditions do not allow for the infiltration of all water during large storm events. Under these circumstances accommodations are made to allow excess water to flow to conventional detention basins or larger infiltration areas.
 In short though, rain gardens are shallow depressions designed to collect rain, typically from impervious surfaces such as roofs, and let plants, bacteria, and soils clean the water as it seeps its way into the ground (Figure 26).
 

There are several limitations on the use of rain gardens, including the size of the drainage area, soil type, and slope. Although it is seldom an issue with suburban residential applications, the drainage area should be less than 2-3 acres and preferably less than 1 acre.
 In general, rain gardens can be implemented for soil types of loam and coarser (sandy soils). Some authorities discourage their use at sites where soils have 30% or greater clay content, or 40% or greater silt content.
 In order to ensure proper function the gardens need to be located where the slopes are less than 20%.
 Provided that these limitations are accounted for rain gardens can be an excellent means of reducing stormwater runoff and pollutant loading in urban watersheds.
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How rain gardens work

With a typical size between 150-400 square feet in residential settings each rain garden may seem small, but collectively they can produce substantial neighborhood and regional environmental benefits. Compared to a patch of conventional lawn, the average rain garden allows about 30% more water to soak into the ground.
 The rates can be higher however, in Madison, Wisconsin, a 180 square foot rain garden was able to increase the amount of water absorbed by a residential lawn from two inches per hour to five inches per hour, while also filtering out pollutants.
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Rain gardens manage stormwater through bioretention, combining physical, biological, and chemical processes to maximize pollutant removal.
 Monitoring of rain gardens has shown pollutant removal rates of 60-80% for nutrients and 93-99% for heavy metals (Figure 27).
 Sediments are physically removed through settling as stormwater enters gardens. Heavy metals, petroleum products, and nutrients are removed chemically by binding to the planting medium. Once bound to the planting medium these pollutants can be biologically broken down by soil microorganisms and plants. “A layer of mulch not only keeps weeds down,” says Coffman, “it also acts as a sponge to capture heavy metals, oils, and grease. As the mulch decays, bacteria and plant roots have a chance to break down the pollutants.”

Advantages of rain gardens

Rain gardens provide many benefits in addition to pollutant removal. Some of the advantages they have over traditional catch basins and storm sewer pipes include
:

· Reduced volume of runoff from a site, thereby reducing the size and cost of downstream stormwater control facilities.

· They require less piping, less concrete, and less excavation. Roads can be designed without curbs, allowing water to flow overland, eliminating the cost of curb and gutter. 

· They don’t have concentrated release points, reducing the potential for on-site and downstream erosion.

· Help protect communities from flooding and drainage problems.

· Stormwater infiltrates directly into the soil, eliminating thermal impacts on streams.

· Can be utilized in retrofit areas where space is limited and where additional runoff control is necessary.

· Rainwater gardens can provide an aesthetically pleasing amenity when designed to support perennial flowers in the summer and display vividly colored or patterned shrubs in the winter.

· The potential for clogging of rainwater gardens is reduced compared to end-of-pipe infiltration techniques because these systems generally accept runoff only from roofs or driveways, lawns and sidewalks.

· Can provide groundwater recharge.

· Flowering plants and ornamental grasses incorporated into the design of rainwater gardens provide wildlife habitat. 

As these advantages indicate, rain gardens provide for better surface water quality, groundwater quality and overall hydrological health.

Placement

Rainwater gardens can be incorporated into many different areas, such as: front and back yards of residential areas, parkway planting strips, road shoulder rights-of-way, parking lot planter islands, and under roof downspouts.
 Specific siting of rain gardens should be made only after taking into account such site constraints as the location of utilities, steep slopes, existing drainage patterns, and existing vegetation.
 Another important consideration in their placement is how a property is used. Locating them near the perimeters and edges of lots, away from traveled areas, helps to maintain typical use of a property (Figure 28). In addition, locating them between 10 and 25 feet away from the foundation of the house should ensure that water is not inadvertently directed into the basement.
 However, it is recommended to maintain a minimum of 2 feet between a rain garden and property line.
 

In typical residential neighborhoods the majority of impervious cover is located between the home and the street. Lot grading so that drainage is directed from the home out to the street and storm sewer system is also the norm. The combination of these two factors sets up a situation where the majority of runoff generated on a residential lot is conveyed directly to the storm sewer system with little or no opportunity for infiltration. As a result, placing rain gardens in the front yard can often achieve the greatest benefits.
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Front yard rain gardens can be created
: 

· At the end of the roof gutter to capture runoff from the roof.

· Along front walkway to keep runoff from traveling down the sidewalk and into the storm sewer.

· Along the city sidewalk to act as a buffer between your lawn and the street. 

· On the city-owned boulevard to stop runoff from entering the street.

Research has shown that a neat, well-kept appearance can be achieved with as much as half of the front yard designed as native plant (rain) gardens.
 A clear, open view should be maintained to the front door and windows of the house in order to keep an inviting appearance. While the area that needs to be mown can be greatly reduced, mown turf should remain a prominent part of the yard, adjacent to the street. The proportion of turf can vary from 80-15%.

According to Nassauer et. al.
, the public easement along city streets is the first place to look for opportunities to build [rain] garden amenities. Their proximity to the street makes them an ideal place to collect rainwater that flows from of a residence’s roof, yard and sidewalk before it hits the stormwater system. This type of garden can be installed along the entire length a street as a part of resurfacing projects, instead of traditional storm sewer pipes (this will be discussed in more detail later). However, private rain gardens cannot be located in public right-of-ways without first obtaining permission from the proper authorities.
 

Design & construction of rain gardens

The design and construction of residential rain gardens is relatively simple and inexpensive. A general rule of thumb is that they average about $3-$4 per square foot, depending on soil conditions and the density and types of plants used. On the other hand, commercial, industrial, and institutional site costs can range between $10-$40 per square foot, based on the need for control structures, curbing, storm drains, and underdrains.
 Key steps in the process of creating a rain garden include sizing, design, plant selection, construction, and maintenance.

Sizing

Rain gardens consume relatively little land (about 2,000 sq. ft. per impervious acre)
, making them ideal for suburban residential application. A rain garden should be at least 150 square feet and should match the soil type. The more clay in the soil, the less porous it will be, thus requiring a larger garden. Downspout rain gardens should be 15-20% of the size of the corresponding roof area if you have sandy soil, 30% for soil containing some clay, and as much as 60% for true clay soil.

Design

The shape of a rain garden can take on almost any form, although keeping it simple is often best. The basic components of a rain garden are composed of a grass buffer strip, ponding area, organic or mulch layer, planting soil, and designated plants (Figure 29). In order to maintain treatment effectiveness and storage volume, runoff from roads and other impervious surfaces must be pretreated before entering the basin. The simplest pretreatment scheme is to move water via sheet flow over at least 4 feet of turfgrass that slopes no more than 10%.
 The storage capacity of the ponding area comes from creating a depression in the center of the rain garden. A maximum ponding depth of 6 inches is recommended for soils with an infiltration rate of at least two inches/hour, and three to four inches for soils with lower infiltration rates.
 For soils that have an infiltration rate of less than one inch/hour the use of an underdrain is recommended.
 An underdrain is a perforated pipe placed at the bottom of the garden to ensure that proper infiltration rates occur. The excess stormwater that collects in the pipe is conveyed to a discharge point, usually either a conventional detention pond or the storm sewer system.  To help prevent clogging of the underdrain it surrounded with a layer of clean gravel and then covered with filter fabric or three to nine inches of pea gravel.
 Applying a uniform layer of mulch, two to three inches deep, helps to keep weeds down and provides substrate for the uptake of pollutants. The planting soil should be a homogeneous mix of 50% construction sand, 20-30% topsoil (with less than 5% clay content), and 20-30% organic leaf compost. Minimum recommended planting soil depth is 2-2.5 feet, which provides adequate soil for root systems. Soil pH should be between 5.5 and 6.5 to maximize pollutant removal by microbial activity.
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Plant Selection

Native species of trees, shrubs, grasses and even flowers that can survive in both dry and wet conditions do best in rain gardens (See Appendix F for a list of appropriate native plants). Species native to floodplains in your region are especially effective, but overall your choices are vast.
 Plants that can tolerate standing water and fluctuating water levels are typically planted in the center of the rain garden, while those at the outer edges grow in slightly drier conditions.
 In addition, the garden should be designed with the tallest flowers and shrubs in the deepest part. If the garden is be located in the public easement or front yard plants that will stay short enough so that they will not obstruct the view to houses should be selected.
 It is not recommended to plant cattails. They will often show up anyway, uninvited, and unless they’re controlled, they will take over.
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Construction

The first step of the construction process is to establish the perimeter of the rain garden. Rope or a garden hose can be used to delineate the boundary. Enough soil should be excavated so that the garden is still 3-4 inches below the surrounding area after the planting medium and mulch have been added (Figure 30).
 Care should be taken to ensure the bottom is as level as possible to allow for the even distribution of water. Compaction of the soil should be avoided during construction in order to maintain basins’ infiltration capacity. To enhance water infiltration, clay soils should be rototilled, then mixed with three to four inches of compost and rototilled again. Sandy soils can simply be mixed with compost.
 Once the base has been prepared the planting medium can be added. Soaking the planting medium with water will allow natural settling to occur prior to installing the plants. Spreading a layer of mulch is all that remains after the installation of plant material.

Maintenance

In general, rain gardens require little maintenance. Periodic weeding is necessary, especially in newly planted gardens. As a garden matures weeds have a harder time getting established. Each spring, standing dead plant debris will need to be removed.
 In easement shrubs should be pruned annually to keep a low profile, set within the swale in order to maintain a clear view to the home.
 Once every 2-3 years, in the spring, the old mulch layer should be removed and a new one applied.
 If properly planned and designed (protected from sediment and compaction and incorporating a sufficient turf pretreatment area), a rainwater basin is likely to retain its effectiveness for well over 20 years.

Rain garden projects on the neighborhood scale

When developing a new subdivision or conducting road construction or repair projects there is an opportunity to incorporate rain gardens into the system at a larger scale. Not every garden amenity project will look the same, but the approach can be used in many existing neighborhoods to retrofit the neighborhood landscape as part of the regular repair and replacement of streets and sewers.
 Plans to incorporate rain gardens into a neighborhood should include the following qualities: unity (repetition of materials and patterns), entry (introduction of materials and patterns at entries into the neighborhood), neatness (maintaining open views and cared for appearance), connectivity (plantings form a connected network), and nodes (areas where the network widens).
 Signature entries can be designed where neighborhood streets join arterial streets. These entry points to the neighborhood should include parts that will be prominent in all seasons: structural walls or plants with strong winter character and vivid flowering plants for the summer season.
 Privacy and boundaries can be made even stronger with wider side gardens of native plants. Adding to existing plantings, side yard gardens can be connected to front yard gardens and back yard corridors to create a stronger urban ecological network for plants and wildlife.
 With the (rain) garden amenity approach, a neighborhood gains more than an infrastructure to move cars and water. It also gains a unified appearance of amenity, with gardens lining the streets, enhanced watershed ecological quality by slowing down stormwater, and contributes to urban biodiversity.

When constructing front yard easement gardens that are to be connected on a neighborhood level there are several alternative combinations of parts from which to choose. These alternatives include: the geometry of the swale, width of the turf band facing the street, plant selection, and method of definition for the front yard edge. The swale geometry can be either symmetrical (sides with same slope and lowest area in the center) or asymmetrical (sides with different slopes and lowest area offset).
 Width of the turf band along the street can vary depending on available space but should not be less than 2-4 feet for filtration reasons. The swales may be planted with a combination of shrubs and herbaceous plants or just herbaceous plants alone. Different methods for defining the edge of the front yard include paving stones and low stone or masonry walls.

Examples

Somerset, Prince George’s County, Maryland

The residential application of bioretention for stormwater management took shape at a conference when developer Dick Brinker approached Larry Coffman, associate director for programs and planning with the Prince George’s County Department of Environmental Resources, to discuss replacing the four conventional ‘best management practice’ (BMP) ponds required at Somerset with bioretention facilities. Hanifin Associates, consultants to Prince George’s County, dubbed the stormwater facilities “rain gardens”. The result was a reduction in infrastructure and construction costs that would facilitate the cost-effective development of the subdivision, attempts at which had ended in bankruptcy on three previous occasions.
 Approximately $100,000 would be required to fully implement rain gardens at Somerset, in comparison to a cost of nearly $400,000, not including the expense of curbs, gutters, and sidewalks, for the conventional BMP ponds originally planned.
 The use of rain gardens as stormwater management facilities also offers room for TABCO, the development company, to add six or seven lots to Somerset, aiding the developer by generating additional revenue to offset costs. The gardens are even considered a key element in successful sales. Theresa Brinker observes, “Sales are above average for that general market corridor. Buyers perceive the gardens as an added value to their home.”
 Residents could also benefit through a reduction in stormwater taxes resulting from the elimination of the public burden of maintaining stormwater management ponds and pipe systems.
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Somerset is an 80-acre site with 199 homes on 10,000 square foot lots and prices starting around $160,000.
 Each lot has its own rain garden (Figure 31), which is 300-400 square feet in size and costs approximately $500: $150 for excavation and $350 for plants.
 The Home Owner’s Association maintains the common area rain gardens and ensures that homeowners maintain their individual gardens.
 Overall acceptance of the gardens by Somerset residents has been excellent. Homeowners are actively maintaining their gardens and have registered very few complaints. Only one of the gardens has had functional problems, which are believed to have been caused by too much water being diverted to it for treatment. There have been no concerns or problems with safety or mosquitoes.

Birmingham Street, Maplewood, Minnesota

If ordinary places can be changed, whole watersheds can change incrementally. Birmingham Street in Maplewood, MN, is a working-class 1950s neighborhood of modest homes just beyond the St. Paul city limits.
 Ken Haider, the city engineer for Maplewood, Minnesota, saw the Birmingham Street resurfacing as an opportunity to improve water quality by infiltrating stormwater into the sandy soil rather than sending it through pipes to area lakes.
 Joan Nassauer, professor of landscape architecture at the University of Minnesota, and several graduate students were hired as consultants on the project. Respecting the neighborhood aesthetic values Nassauer and her research assistants worked with neighbors, staff of the city, Phalen Watershed project, and Ramsey Washington Metro Watershed District to design a new landscape that
:

· Retrofit the existing street and front yard municipal stormwater easement with gardens that infiltrate stormwater into the sandy soil.

· Built landscape ecological structure to support biodiversity in the context and at the scale of an urban neighborhood.

· Enhanced the amenity value of the neighborhood.

· Reduced the capital costs for municipal infrastructure.

Many homeowners were skeptical at initial neighborhood meetings to develop the design for the project.
 Now, however, people in the neighborhood recognize the attractiveness of the new landscape, and they have begun to take care of it. Rather than merely building a new street, this more cost-effective approach retrofits the urban fabric to make it more ecologically healthy and culturally sustainable.
 The finely meshed landscape structure of native wetland and prairie plant gardens up and down the street connects to gardens and fences along the edges of each property creating an ecological network throughout the neighborhood (Figure 32).
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Construction costs for the urban retrofit of Birmingham Street was about 10% less than a conventional resurfacing project. Some of the cost savings resulted from the City of Maplewood’s ability to recycle street material for the base aggregate of the gardens, obtain reasonably priced landscape plants from the County Correctional Facility’s greenhouse, and engage neighborhood residents in the cell construction through a block-wide planting day/block party.
 Birmingham Street has become a regionally emulated and nationally recognized model for neighborhoods and cities.

Application of Rain Gardens at a neighborhood scale in Allen’s Creek Watershed

Soils

The type of soil present at a site is the single biggest factor in determining if a rain garden approach is appropriate and how effective it will be. In the Allen’s Creek Watershed there are two soil types with characteristics that could accommodate a rain garden approach, they are the Fox sandy loams and the Miami loams (See Appendix G for soil characteristics).
 Three key characteristics were used to making this determination, permeability (infiltration) rate, depth to high water table, and percent clay content. Each of these soil groups has a depth to high water table in excess of six feet and a clay content of less than 30% at level of maximum infiltration. The Fox sandy loams have a high rate of infiltration (6.0-60.0 inches/hour), while the Miami loams have a moderate rate of infiltration (0.6-2.0 inches/hour) (Figure 33). Two other soils groups, Matherton sandy loam and Brookstorn loam, have sufficient infiltration rates and percent clay content but were not included due to insufficient depth to high water table. There should be [image: image15.wmf] 
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a minimum of two feet between the bottom of a rain garden, which is generally two to four feet, and the high water table.
 Due to the difference in infiltration rates of the Fox sandy loams and the Miami loams, the impact a rain garden approach would have on reducing stormwater runoff volumes would be substantially different. To demonstrate what could be accomplished with a rain garden approach on each of these soil types, one subwatershed will be examined for each soil type.

Subwatershed A


Subwatershed A is located along the middle reach of the Murray-Washington branch of Allen’s Creek, in the Murray-Mulholland neighborhood. The subwatershed is approximately 28.45 acres in size and drains 179 parcels of land (Figure 34). The soils of this subwatershed, Fox sandy loam B (slopes of 2-6%) and Fox sandy loam C (slopes of 6-12%), have high rates of infiltration (6.0-60.0 inches/hour). The depth at which the maximum infiltration rate is reached is 39 inches.
 Following are some of the assumptions that were used for the purposes of this example (for a complete list of assumptions and actual calculations see Appendix ?):

· The slope figure used for the calculations was 10% (this figure is toward the upper end of the 2-12% range to ensure that the calculations are valid in most situations in the subwatershed);

· The infiltration rate used for the calculations was 10 inches/hour (this figure is toward the lower end of the 6-60 inches/hour range, also to ensure that the calculations are valid in most situations in the subwatershed);

· The depth of the rain gardens is 42 inches (this figure is below the level at which the maximum infiltration rate is reached and provides adequate clearance above the high water table). 

Given the assumptions used, 150 square feet of rain garden per 0.05 acre of lot size, or approximately 6.9% of the lot, is adequate to infiltrate all of the runoff from the entire site during a 10-year, 30-minute storm event, which has a rainfall intensity of 2.8 inches/hour.
 The average lot in Subwatershed A, which is 0.16 acres, would require a rain garden area of 480 square feet in order to infiltrate all of the runoff generated during a 10-year, 30-minute storm event. This could be accomplished with one large garden area or several smaller ones distributed about the property. Due to differences in the rate at which the runoff would accumulate in the rain garden and the maximum infiltration rate of the garden, a volume of 170.08 cubic feet of stormwater would need to be stored in the rain garden during a storm of this magnitude. Spread over the area of the garden this would amount to a ponding depth of 4.25 inches, which is within the recommended range of four to six inches.
 This volume of water would be infiltrated in just under 26 minutes after the end of the storm, which is well below the specifications of complete infiltration within four to six hours.
 Based on the average lot size of 0.16 acre and 179 parcels in the subwatershed, more than two million gallons of runoff would be infiltrated into the ground and thus diverted from Allen’s Creek storm drainage system, during a 10-year, 30-minute storm event.
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Subwatershed B


Subwatershed B is located along the middle reach of the Eberwhite branch of Allen’s Creek, just east of Eberwhite School.  This subwatershed is approximately 35.91 acres and drains 162 parcels of land (Figure 35). The soils, Miami loam B (2-6% slopes) and Miami loam C (6-12% slopes), have moderate rates of infiltration (0.6-2.0 inches/hour). The depth at which this maximum rate of infiltration is reached is 30 inches (see Appendix ?).
 The calculations of this example used all but one of the same assumptions as in the example of Subwatershed A. For this example the infiltration rate used for the calculations was one inch/hour.


Conditions in Subwatershed B require a much more conservative rain garden approach than that taken in Subwatershed A. Due to the infiltration rates of the soils, it is   not feasible to infiltrate the amount of runoff generated by a 10-year, 30-minute storm event. This example determines the rain garden specifications required to infiltrate the first one inch of rainfall from a residential rooftop. A study done in connection with Ann Arbor’s Footing Drain Disconnect Program found that 41% of rain events over a three year period were one inch or less.
 An average rooftop area of 1200 square feet was used for the calculations. Given these conditions a rain garden area of 250 square feet would be needed to infiltrate the first inch of rainfall from a 1200 square foot rooftop (see Appendix ? for calculations). Based on an average lot size of 0.22 acres for this subwatershed, the rain garden area would take up 2.6% of the lot. Using a two-year, 30-minute storm event, which has an intensity of two inches/hour
, and a single rain garden receiving all of the rooftop runoff, a volume of 84.6 cubic feet of rainwater would need to be stored in the garden. This amounts to a ponding depth of just over four inches when spread over the area of the garden. The ponded water would be completely infiltrated in just over four hours following the end of the storm event. Based on an average roof area of 1200 square feet and 162 parcels in Subwatershed B, 120,682 gallons of water could be diverted from the storm sewer system during a two-year, 30-minute storm event.  Given that 250 square feet of rain garden is only 2.6% of the average lot in this subwatershed, the number of gallons of stormwater diverted could be almost doubled if residents were willing to commit 5% of their lot area to rain gardens. 

In both circumstances accommodations would need to be made to deal with excess runoff generated by the storm events larger than the ones the gardens were designed to handle. One option would be to route the excess stormwater above ground over pervious surfaces, to allow for some additional infiltration, before entering the storm sewer system. Another option would be to use an underdrain system, which was previously described. 


The two examples given above illustrate that substantial volumes of stormwater could be diverted from the Allen’s Creek drainage system using a rain garden approach throughout the watershed. Installing and maintaining rain gardens would allow residents of the watershed to have a sense that they are involved and making a difference.  In addition, the rain gardens would help to reestablish some of the natural processes that have been lost within the watershed. 
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Using infiltration basins in existing greenspaces as floodplain function

This practice adapts existing greenspaces for use as stormwater storage after storm events.  This recommendation is based on restoration of the lost infiltration area which once reduced the water flow down the main drainage channels prior to dense development in the Allen’s Creek Watershed.  Infiltration zones are different from detention basins in that they permanently remove and store water until losses to infiltration or evapotranspiration removes it.  Detention basins temporarily store water until it can be released at a predetermined rate into the drainage channel without naturally filtering the water through the soil or recharging the water table.  Also, there are negative social connotations associated with these typically highly engineered, rectilinear depressions in the landscape.  Currently, both West and Veterans Memorial Parks serve as infiltration zones as the parks have experienced standing water in low lying areas following rainstorms.  Whether this is due to slow percolation of stormwater or seepage from rising levels of groundwater couldn’t be determined for this report.  Both of these Ann Arbor parks are located directly over what used to be the natural West Park-Miller drainage channel.  This natural process of water storage is the intent behind this proposed land use change.

Several properties were chosen for this proposed solution (Table 1).  They were chosen because they are currently owned and maintained by the City of Ann Arbor.  This parcel list does not consider all properties owned by the city, or ones that are privately held which would benefit the health of the watershed by serving as infiltration zones/floodplains under a conservation easement.  The greenspaces that are included were chosen based on several factors: location in the watershed, suitable parcel size for detention basins, and suitable contours for directing water either over the landscape or through subsurface sewers.  Those chosen by location in the watershed were divided into two categories: property onto which stormwater flow from existing drainage channels/storm sewer lines would be diverted or suitable for infiltration/detention.  These parcels are currently used for active and/or passive recreational purposes.

Proposed changes in the designated use of these properties will affect the lives of all users of the parks and schoolyards.  Many of the parcels have community value as a seasonally used recreational amenity, as a playground for children, or as relatively undisturbed woodland with its associated plant and animal species.  On some parcels, construction of a natural infiltration zone will change the use of the land, but the intention of this alternative recommendation is to divert millions of gallons of stormwater in Allen’s Creek during every rain event.  This recommendation unquestionably diverts stormwater from entering the storm sewer system, reducing the expense of costly redesigns for progressively larger sewer systems as the density of development increases over the years.  Coupled with the ecological benefit of reducing stormwater quantities, comes the ability to arrest sediments and runoff solvents at localized basins before they enter the Huron River Watershed.  Careful weighing of these land use changes versus the community’s request for solutions in correcting the problems Allen’s Creek currently poses should be delicately considered.  

It needs to be noted that several elementary schools were targeted as locations for placement of infiltration zones for two reasons.  These were:

1. The opportunity to reduce water volume and velocities within the drainage channel based on this location in the watershed and;

2. The opportunity to teach Ann Arbor children the influence precipitation from rainstorms has on the community.

Obviously the children’s safety is critical, both during and shortly after storm events.  Standing water in an elementary schoolyard would attract most boys despite strict instructions by all supervising adults.  Beyond designing water storage in a landscape suitable for an elementary schoolyard, creation of an introductory science curriculum might teach the dynamics of water cycles and the environmental impact water has on the landscape.  The benefits of planting this seed early in the young citizen’s mind would set a new minimum criteria for establishing water quality standards in a progressive community.

Below is a list of parcels recommended for consideration as part of a water storage system.  This list includes the size of the parcel, current amenity(s) offered on site, and the soil suitability for percolation.  The size recorded is the size of the entire parcel, the size of the infiltration zones would vary based on water discharge rates through the properties.

Table 2 Description of parcels representing possible infiltration zones

	Category
	Name of Greenspace
	Size 
	Current land use
	Park amenities
	Dominant land cover (s)
	soil types
	soil percolation rate

	
	
	
	
	
	
	
	

	Stormwater 
	Bach Elementary 
	2.73 acres
	Public School
	Playground, open recreation
	Turfgrass
	FoB, FoC
	2.0-6.0 in/hr

	flow diverted
	Eberwhite Woods
	42.04 acres
	Park w/ Nature area
	Walking trails
	Wooded-hardwoods
	MmB, MmC
	0.6-2.0 in/hr

	to greenspaces
	Greenview/Pioneer Woods
	44.98 acres
	Park w/ Nature area
	Walking trails
	Wooded-hardwood, shrubland
	StB, StC
	0.2-2.0 in/hr

	
	Hannah Nature Area
	1.14 acres
	Park
	Walking trails
	Wooded-riverine
	MmB, MmC
	0.6-2.0 in/hr

	
	Mack Elementary
	8.65 acres
	Public School
	Playground, open recreation
	Turfgrass
	MmC
	0.6-2.0 in/hr

	
	Miller Nature Area
	22.53 acres
	Park w/ Nature area
	Walking trails
	Wooded-hardwoods
	MmC, MmD, BP
	0.6-2.0 in/hr

	
	Pioneer High
	125.88 acres
	Public School
	Sports complex, open recreation
	Turfgrass
	StB, StC
	0.2-2.0 in/hr

	
	Slauson Elementary 
	11.57 acres
	Public School
	Playground, open recreation
	Turfgrass, wooded-hardwoods
	FoB, FoC
	2.0-6.0 in/hr

	
	Veteran's Memorial Park
	36.77 acres
	Active recreation
	Softball (4)*, tennis (3), open recreation
	Turfgrass
	MmB, MmC, MmD, CpA
	0.6-2.0 in/hr

	
	
	
	
	walking trails, picnic areas
	
	
	

	
	Virginia Park
	4.97 acres
	Active recreation
	Softball (1)*, basketball (1), open recreation
	Turfgrass, wooded-riverine
	MmB, MmC, Fd
	0.6-2.0 in/hr

	
	
	
	
	walking trails, picnic areas
	
	
	

	
	West Park
	22.93 acres
	Active recreation
	Softball (2)*, basketball (1), tennis (2), open recreation
	Turfgrass, wooded-riverine
	MmB, MmC
	0.6-2.0 in/hr

	
	
	
	
	walking trails, nature area, picnic areas
	
	
	

	
	Wildwood Park
	4.55 acres
	Park
	Open recreation, walking trails
	Wooded-riverine, turfgrass
	MmC
	0.6-2.0 in/hr

	
	
	
	
	
	
	MmB, Pe
	0.6-2.0 in/hr

	Infiltration
	Allmendinger Park
	7.89 acres
	Active recreation 
	Softball (2)*, basketball (1), tennis (1), open recreation
	Turfgrass/trees
	MmB, MmC
	0.6-2.0 in/hr

	/Detention
	
	
	
	walking trails, picnic areas
	
	
	

	
	Belize Park
	0.51 acre
	Open recreation 
	Open recreation, walking trails, picnic area
	Turfgrass/trees
	MmC
	0.6-2.0 in/hr

	
	Dickens Elementary
	12.32 acres
	Open recreation 
	Playground, open recreation
	Turfgrass
	
	

	
	Fritz Park
	4.99 acres
	Park w/ Nature area
	Open recreation, walking trails, picnic area
	Wooded-hardwood
	MmB, MmC
	0.6-2.0 in/hr

	
	Hansen Nature Area
	9.55 acres
	Park w/ Nature area
	Walking trails
	Wooded-hardwood
	MmB, MmD, CoB
	0.6-2.0 in/hr

	
	Hunt Park
	6.75 acres
	Park
	Basketball (1)*, tennis (1), open recreation
	Turfgrass
	MmB, MmC
	0.6-2.0 in/hr

	
	
	
	
	walking trails, picnic area
	
	
	

	
	Mixtwood-Pomona Park
	0.34 acre
	Park
	Picnic area
	Turfgrass
	MmC
	0.6-2.0 in/hr

	
	South Maple Park
	7.83 acres
	Park
	Softball (1)*, basketball (1), tennis (2), open recreation
	Turfgrass/trees
	Br, CoB, MmB
	0.6-2.0 in/hr

	
	
	
	
	walking trails, picnic area
	
	
	

	
	Wellington Park
	1.19 acres
	Park
	Open recreation, walking trails, picnic area
	Turfgrass
	MmC
	0.6-2.0 in/hr

	
	Wurster Park
	5.91 acres
	Park w/ Nature area
	Softball (1)*, soccer (1), open recreation, 
	Turfgrass/trees
	MmB, MmC
	0.6-2.0 in/hr

	
	
	
	
	walking trails, picnic area
	
	FoB
	2.0-6.0 in/hr


Information provided by Ann Arbor Planning  and Parks & Recreation Departments                *Number of fields or courts

Table 3 Soil Legend for possible infiltration zone parcels

(Soil abbreviation-soil name, percent slope)
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BbB-Blount loam, 2-6%

BP-highly variable

Br-Brookston loam

CoB-Conover loam, 0-4%

CpA-Conover-Brookston loam, 0-2%

Fd-Filled land, highly variable

FoB-Fox sandy loam, 0-2% 

FoC-Fox sandy loam, 2-6%

MmB-Miami loam-2-6%

MmC-Miami loam, 6-12%

MmD-Miami loam, 12-18%

MmE- Miami loam, 18-25%

Pe-Pewamo clay loam

StB-St. Clair clay loam, 2-6%

StC-St. Clair clay loam, 6-12%

The criteria of whether parcels are “in line” with a drainage channel/storm sewer line versus “not in line” should not shape the design of the stormwater diversion system.  What should shape the design are the engineering factors that correctly anticipate the amount of projected stormwater arriving from upstream sources, the soils on which the system is constructed, maximizing the factors that affect evapotranspiration, and the recognition of mismatches of the land uses around the diversion system.

As was previously stated, hundreds of millions of gallons of stormwater flush through the drainage system in the few hours after a moderate rain event.
  The greatest benefits would be realized by installing several of these stormwater diversion systems throughout the watershed to capture precipitation where it falls before it could contribute to the storm surge.  This would most closely mimic the small-scale natural creek system which once characterized Allen’s Creek.

Most of the soils in the Allen’s Creek Watershed have moderate percolation ability (0.6-2.0 inches per hour), but this rate falls extremely short of the rate at which precipitation falls, runs off urban surfaces, and collects in the drainage system.  Not even the coarsest sandy, or rocky, soils can compensate for the elevated runoff rates created by impervious surface conditions on highly developed land.  It is for this reason that wide, flat detention areas designed to maximize evapotranspiration conditions are being recommended.  Evapotranspiration is a combination of two water-dispersing processes: evaporation and transpiration.  Evaporation occurs on open bodies of water and transpiration is water vapor that is drawn leaf surfaces exposed to the sun and wind.

The factors that affect the rate of evapotranspiration are: radiation, air temperature, humidity, wind speed, and conditions for the biota planted in these biennially wet storage systems.
  Evapotranspiration rates are directly related to the amount of sun exposure a site receives.  The longer the period of exposure, the greater the amount of energy available to vaporize water from soil and the surfaces of the plant.  Air temperature and wind speeds dry the exposed leaf and soil surfaces allowing more water to move up through the xylem in the tree to the leaf surface or to the soil-air interface again resulting in more soil water losses.  Arid, or semi-arid environments with less atmospheric humidity constantly are absorbing water vapor from the soil or plant leaf surfaces to reach moisture equilibrium.
  Trees and shrubs that are naturally found in floodplains excel under seasonally wet conditions and can generate faster growth rates than plants that merely tolerate these same conditions.  Plants with faster growth rates can produce more leaf surface quicker, enabling the water infiltration basin to reach the evapotranspiration rates it was designed to operate under.

Lastly, the land use conditions surrounding the water storage system should be conducive to current social norms.  The public has only recently begun to attach importance to and understand the value of wetland features/functions within the landscape.  Changing the use(s) on publicly held land for the purpose of developing infiltration zones before the public fully accepts these progressive wetland preservation values could be problematic.  Education and time may be required to change the public’s expectation about how public land should be used for natural processes displaced by development elsewhere in the watershed.

Reduction in impervious surfaces

The Ann Arbor Planning Commission (March 2002) approved a change to an ordinance under chapter 59 of Title V.  The ordinance applies to the number of minimum and maximum number of parking spaces required in retail centers.  The ordinance had read that the minimum was one parking space per 200 square feet of floor area with no maximum for all retail stores and retail centers.  The retail stores and centers category has now been divided into three categories by size.  These are retail stores and centers less than 300,000, 300,000 to 600,000, and greater than 600,000 square feet of floor area.  Table 4 below shows the changes.  These changes took effect April 17, 2002.
  

Table4 Description of change in minimum/maximum parking spaces by retail floor area
	Ann Arbor Planning
	Size of Retail Store/Center
	Minimum Park Spc/floor area
	Maximum Park Spc/floor area

	2001 Ordinance
	N/A
	one parking space/200 sq.ft.
	No maximum

	
	
	
	

	2002 Ordinance
	< 300,000 square feet
	one parking space/310 sq.ft.
	one parking space/265 sq. ft.

	
	300,000-600,000 sq. ft.
	one parking space/285 sq.ft.
	one parking space/250 sq.ft.

	
	>600,000 sq. ft.
	one parking space/265 sq.ft.
	one parking space/235 sq.ft.


This change in minimum parking ordinance will affect those retail stores that send proposed projects through the planning department for site plan approval.  This change in ordinance will have the most impact on the smaller retail businesses such as fast food restaurants, convenience stores, dry cleaners, etc.  But we will also see a significant change in the vast, mostly vacant, asphalt parking lots at the strip malls, mini malls, and full size malls as well.  

The old parking standards were the product of commercial developers’ desires for more parking to meet demands during retail business peak period, which occurs only a couple weeks per year.  The new standards attempt to address the negative environmental impacts caused by impervious surfaces.  From the Watershed Integrity and Impervious Surface Reduction Study commissioned by the City of Ann Arbor: “parking lots are built to standards which create unnecessary paved surface.  The impervious area created by each parking space is more than double the area of each individual stall.  This is for several reasons: stalls are designed to larger dimensions than necessary for the majority of cars; surfaces are paved in instances where landscaping and/or permeable surfaces could be used; [and] access to lots is not designed to minimize paved cover.
”  Accompanying this change in minimum parking required for new retail businesses is an incentive program that provides tax credits to existing businesses for removing impervious surfaces.

The commercial district along West Stadium Boulevard, in particular, would benefit from this as it has many adjacent business parcels which are completely paved over, one after another, with only a concrete curb dividing the parcels at the property lines.  Currently a street redesign, led by the Ann Arbor Engineering Department, is commencing to address heavily congested traffic patterns along this two-mile linear commercial strip.  In conjunction with this long-term project, the tax credit (or another type of incentive) would entice business owners to drain their parking lots into on-site infiltration beds.  Additionally, landscape trees incorporated into these vast parking lots would reduce the heat generated by these heat sinks during the warm seasons.  The West Liberty Road project which is covered in Appendix D, provides an excellent example of measures that can be taken to reduce impervious surfaces and improve water quality.

There have been several proposed engineering solutions for conveying the increasing quantities of stormwater flowing through Allen’s Creeks drainage channel, but most have been large-scale engineering solutions out of the reach of citizen involvement.  The recommendations presented here are public-based tools by which individual citizens and families can assume partial responsibility for reducing stormwater impacts in Allen’s Creek drainage valley.  Rainbarrel and downspout disconnect programs have effectively established stormwater issues awareness in other cities.  It is through this awareness and continuous education that citizens will eventually accept stewardship for natural processes which could peaceably coexist within our developed community.

Design with Specific Focus on Upper reach of Murray-Washington Branch

Introduction

One segment of Allen’s Creek, in the upper reach of the Murray-Washington branch, is more closely investigated in this section to explore possible design solutions for problems common in the upper reaches throughout the entire creekshed.  This section of the Murray-Washington branch collects stormwater from the Stadium Boulevard commercial district near the Liberty Road/Stadium Boulevard intersection.  This mini-subwatershed drains about 92.6 acres of land, of which 75% of the land is zoned commercial at 88% impervious surface.  The commercial district generates most of the flow of water as surface runoff; sheet draining into storm sewer inlets where it quickly becomes channelized.  This channelized flow then exits the storm sewer system through a single outfall.  This outfall pipe is located at the end of the cul-de-sac of Thaler St. or at the location of the dark blue star on the map below (figure 38).
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This gulley is one of only two sections of the creek that is open to daylight.  Because of the extreme quantity of stormwater draining off high concentrations of impervious surfaces and the severe slopes within this watershed, velocities in this daylighted section of the creek have had detrimental effects on the creekbed (Figure 36).  This photo shows not only the depth of the cut by the stormwater surging through this gulley but also the widening of the channel causing multiple tree falls.   Erosion from the tremendous velocity of the water has cut the base level of the creek bed to about six foot below the elevation of the bottom of the storm sewer outlet.  The creek’s depth has been measured, at the peak a ¾ inch rainstorm over a 6-hour duration, at 5½ feet.  The water channel in this culvert reached this depth within 30 minutes of the beginning of the rain event.  About 800 feet downstream, the creek flows through a culvert under a private road servicing Westside Apartments.  Extreme water velocities have eroded the soil under the lip of the pipe and bent the 54-inch steel pipe upward (Figure 37).  At the end of this culvert the channel changes direction 90 degrees where an impermanent concrete block wall protects the stream bank from certain erosion.  About 100 feet downstream the City of Ann Arbor recently built a 60-inch culvert to redirect the stream through another 90 degree turn.  This solution was constructed in 1999 to remedy the heavy erosion that threatened erosion of the property outlying a new condominium development that was approved and built in previous years.  The creek continues eastward cutting slopes as it slightly meanders toward another bottleneck at the sewer inlet just north of Virginia Park.  In this segment between the newly constructed above ground culvert and the inlet to the storm sewer the sides of the creek have been ornamentally planted on gradual slopes.  This lower section of the daylighted ravine lies in view of the residential units on both sides of the creek and serves as an aesthetic amenity.


To calculate the stormwater flow and velocities coming from the outfall pipe at the end of Thaler Street, we used the rational method.  The data used and the sources from which they came from were: 

1. Geographic Information System (GIS) data from the Ann Arbor Planning Department;

2. Sewer maps obtained from Ann Arbor Water/Utilities Department; and

3. Rainfall precipitation data from the Office of the Washtenaw County Drain Commission (WCDC)

The calculations show that in a 25-year storm, based on the current configuration of the storm sewer system, about 8 million gallons of stormwater flows out of the outfall pipe into the ravine over a 24-hour period.  Assuming the rainfall was consistently even across the 24-hour period, which is rare, the average flow coming from the storm sewer pipe would be 123.8 cubic feet per second (cfs).  For a 10-year storm, 6.77 million gallons, average flow would be 104.7cfs.  And a 1.5-year storm (considered the first flush amount for all storms by the WCDC) would deliver over 5 million gallons at an average flow of 77.5 cfs (See appendix H).

Upon visiting this section of the creekshed, a visual inventory will show that there is no vegetation in the creekbed or at its banks, all of the largest stones have been flushed downstream where they were arrested by a man-made barrier, and to reiterate the 54-inch culvert was deformed after one such rain event in the fall of 2001.  These are all signs of massive stormwater surges during rain events.  Even without the velocity calculations it is clear that being near this ravine is dangerous during and immediately after a rainstorm.  Also to be noted is that in the dry summer months there is no, or very little, base flow.  Base flow is attributed to water that leaks from a groundwater source, or water table, in times unrelated to stormwater.  So water only flows through this drain when it rains.  This is significant for the reason that if there were a plan to daylight the entire creek, a mechanism would need to be designed to suppress the extreme surges to maintain safety and erosion during and immediately after rain events.  This same device, whether a cistern or retention bays, could also meter the water for longer discharges, which would control erosion.

This section of the Murray-Washington branch was chosen for further analysis because the effects of the surging stormwater from the high impervious surface percentages of the Stadium Blvd. Commercial district have had demonstrative effects on the drainage channel.  But this section also contains an undeveloped parcel along its boundary that could serve as a storage, filtration, and infiltration facility.  This is where the upper reach residential design attempts to resolve the conflict of how wisely planned development can serve as both a properly functioning natural ecosystem and a marketable residential offering.

Upper reach residential design 

The parcel chosen for this design is located at 2060 W. Liberty St. near the intersection of Stadium Blvd.  It is approximately 5 acres and is owned by a residential developer that has submitted a proposed site plan to the Ann Arbor Planning Department recently.  The developer has estimated the value of the parcel to be about $800,000.  City ordinances suggest retaining the woodlot that exists along the northern boundary while the landowner wishes to maximize profits by erecting as many structures as possible.  The developer proposed planting new trees (meeting Ann Arbor’s inch for inch tree clearing ordinance) that would be interspersed throughout the property, but the design has not been approved to date.  Other stakeholders have voiced concerns over the loss of the land to high-density residential development while losing possible future greenspace and wish to establish a greenway along the creek.  City and real estate developers have requested that any design recommendations for (and their subsequent construction of) park-like amenities be financially supported through the sale of land and/or structures on that land.  This design addresses all the above concerns plus provides storage, a means by which infiltration could occur, and a natural valley planted with grasses, reeds, and shrubs that have proven in research to remove high loads of sediment and elements common in surface runoff in urban areas.

This design begins at the sewer structure at the intersection of Thaler St. and Carolina Ave.  The elevation of the storm sewer pipe at the structure is 904 feet.  At this elevation water would flow into a series of sediment, coarse debris, and oil/water separators to minimize the debris that commonly flows through this section of the Murray-Washington branch of Allen’s Creek Drain. Access for maintenance of the separating filters will be possible from this intersection to the north of the filter/cistern system.  Stormwater then flows into the 7 million gallon cistern located at the blue circle near this intersection on the design above (Figure 38).  This size cistern has the capacity to store a 10-year/24-hour storm event and will serve as storage only until the storm surge has passed, when it will be emptied at a metered rate into the valley for infiltration.  The cistern will be constructed to overflow through flow limiters on to the valley floor (excess flow volumes of stormwater are diverted to the gulley along the greenway to the east).  Water that is released slowly across the valley floor to the south flows and is filtered through grasses such as narrow switchgrass (Panicum virgatum L.).  Panicum virgatum has proven to reduce nitrogen (N) by 60% and phosphorus by as much as 40% in a study measuring effects of this grass on rural feedlots.
  Other native grasses such as prairie cordgrass (Spartina pectinata) have proven to be drought resistant.
  

The valley floor elevation drops only one foot in elevation over the 200 yards length allowing water to stand for maximum infiltration.  If sediment was not entirely retained in the separator stage the grasses planted will allow sediments to drop out of solution.  This is suggested by another study that measured effects of grassed swales on particulate deposition.  This report suggests that swales with dense, fully developed turf, high infiltration rates, and increased swale length contribute to the “highest particle trapping efficiency.
”  A narrowing in the center of the valley traps any additional fine particulate as it may drop out of solution and flows over the earthen divider (Figure 41).  The earthen divider is planted with shrubs to give the appearance of two smaller ponds to reduce the scale of this large valley.

The valley serves a second purpose; it provides a natural barrier that will dissuade pedestrians from crossing over to the private residences from the public greenway established at the northern end of the property (Figure 42).  On the public access section of the property, a trail skirts the edge of the wooded area crossing access bridges to the property from the proposed greenway.  Grassy slopes along the northern edge of the valley have gentle slopes to entice people to relax next to the thriving wet meadow.  Clear views across the property show the tree framed homes with decks and shallow-graded backyards.
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Figure. 38 Map of drainage area (in yellow) and residential zoned parcel chosen for design (orange)
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The residences are 1200 square foot detached condominiums with off-street parking for two vehicles as well as space for street parking.  Front yards are large enough to grow turf lawns and personalized landscaping.  Backyards, walkouts, and decks overlooking the valley will permit higher land values which will pay for the construction of this community amenity.  Proximity of this development to the facilities of the Ann Arbor community also establishes higher property values.  The woodlot was retained to provide a buffer between the seemingly natural valley and the urban stream channel with its detention and sedimentation ponds.  

In natural stream corridors, channel equilibrium determines the stream’s depth and width at a steady state.  “Channel equilibrium determines that with high flows (and slope remaining the same) sediment load or particle size has to increase.
”  This translates to greater erosion in the stream channel.  The current urban stream channel conveying stormwater through this ravine was suitable for conveyance of much smaller quantities of water than it’s currently experiencing.  This is the reason for the tremendous amount of erosion we are witnessing today.  As water velocities increase, erosion in the channel cuts the creekbed deeper.  Natural stream channels develop pools and riffles to control the amount of sediment flushed downstream which leads to the natural meandering pattern common in stream systems.  This meander reduces the slopes of the stream; thereby establish a new channel equilibrium which can convey larger quantities of water with little erosion.  Development along the edges of the old, straight channel has prohibited the establishment of this natural meander process.  Therefore, either water velocities or slope in Allen’s Creek need to decrease to preserve, or improve upon, the channel in its current state.  This design does both; the 7 million gallon cistern provides storage and the step-down function of the urban stream (Figure 40) focuses the energy losses at the weirs where the pools are stabilized against erosion.

This focused energy loss at the boulder weirs (where the channel floor can be reinforced) minimizes the erosion occurring throughout the longitudinal section of the channel.  This step-down function effectively minimizes the overall slope of the creek.  This improvement could be completed elsewhere if sections of other branches were daylighted.  The first pond would also serve as a sediment forebay to arrest sediment nearest the existing street for ease of maintenance.  Since heavy metals and other toxins are associated with sediments found in stream channels, this forebay would control the unwanted material downstream.
  Cattails (Typha spp.) also remove heavy metals and toxins while retaining them in their cells.  Cattails would be planted in this urban creekshed to stabilize the soils in the pools as well as to provide a distinctly different ecosystem from the grassy, infiltration valley.

Reducing the storm surges and reducing the drop in elevation of the streambed can restore the ecological function of Allen’s Creek.  Without the stormwater surges, various sizes of stones can be retained, streamside and streambed vegetation can be established, all of which provide habitat for aquatic insects and the establishment of an ecosystem rivaling more natural streams.  

This design is meant to be an incremental step for restoration of the creek using an adjacent parcel.  This design has many facets which would lead to establishment of an healthy stream ecosystem, a public greenspace/greenway, and the preservation of a woodlot paid for with funds coming from the sale of residential units that would overlook these new amenities.

Upper/middle reach summary

The upper and middle reaches of a natural stream channel serve as the infiltration zones which replenish groundwater sources.  This process serves as a time delay to allow stormwater to flow at a more steady, less erosive rate.  When the area of infiltration zones is severely diminished through development and large amounts of imperious surfaces either retention or detention storage capabilities need to be expanded to maintain the health of the creek.  This section has recommended several methods by which homeowners and city engineers can reduce the damaging storm flows.  These methods were reported in this order to demonstrate their capacity to overflow to the next method downstream in the event of larger storm events.  Rainbarrels generally provide the least storage volume, but this is the first step if the intention is to capture stormwater before it collects non-point source pollution.  Rain gardens are the second method for reducing stormwater surges and arresting pollution at its source.  Infiltration zones designed and constructed in existing greenspaces will be the most controversial and would require a large shift in the way the public uses its parks.  To put it into a different perspective, Bill Marsh (a former professor in Landscape Architecture program at University of Michigan’s School of Natural Resources and Environment) remarked “we have snow emergencies in the winter where the streets are impassible, why not have rain emergencies when large storms pass through?  You would collect the stormwater in the streets and use them again after the water infiltrated.”
  In this case the streets wouldn’t be impassible but a small portion of a park would be underwater for some time.  By reducing the volume of water in the upper and middle reaches it would be possible to reduce the size of the floodplain in the lower reach, thereby reducing the need for larger underground sewer systems.
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Figure 26. Comparison of precipitation pathway between conventional system and rain gardens.





Figure 25. Map depicting upper, middle, and lower reaches of Murray-Washington Branch of Allen’s Creek based on current land contour data
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Figure 28. Topography and use patterns should be considered when placing a rain garden.
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Figure 27. Estimated percentages of polluntant removal by rain gardens.


Source: Schueler and Claytr 1999; Davis et al. 1998.
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Linked rainbarrels with overflow device (Photo courtesy of the City of Vancouver, B.C.)
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Figure 29. Components of a rain garden.
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Figure 30. Rain garden under construction, prior to planting, with flow forms and pond area.


Source: Unknown.
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Figure 31. Typical residential rain garden in Somerset, MD.


Source: Friends of the Rappahannock.
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Figure 32. Example of easement and side yard rain gardens in Maplewood, MN.


Source: Nassuer et al., 1997.
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Figure 33. Soils appropriate for rain garden applications in Allen’s Creek watershed.


Data sources: City of Ann Arbor, MIRIS.
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Figure 34. Parcels in Subwatershed A.


Data source: City of Ann Arbor.
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Figure 35. Parcels in Subwatershed B.


Data source: City of Ann Arbor.
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Vancouver, British Columbia, 90gallon recycled plastic Rail Pail





Figure36. Eroded section of Murray-Washington Branch





Figure 37. Section of culvert bent by high water velocities
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Figure 39. Design recommendation for parcel at 2060 W. Liberty Road





Figure 41. Cross section of valley floor showing separate ponds for visual aesthetics
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Reused 50 gal. Greek Pepper Barrels w/brass spigots, overflow valves, and secondary on/off hose connections





Figure 42. Cross Section of valley floor separating public vs. private use





Figure 40. Cross section of urban creek in design of upper reach parcel
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