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Chapter 1:  Introduction 
 
 
 

The urbanization of our natural lands has resulted in an increase of impervious 

surface.  With this increase comes the need for stormwater management.  Without a 

means by which to guide and treat stormwater in urban areas, runoff would be free to 

flow and settle wherever the path of least resistance may lead it, picking up and 

depositing pollutants anywhere along the way.  This may result in structural damage, 

health risks, or damage to natural waterways.  Planning of systems that safeguard our 

built environments, provide safety for those within these environments, and protect 

natural resources is therefore necessary.   

Historically, planning has been based upon the conveyance of stormwater away 

from a developed site as quickly as possible.  This is achieved through the design of what 

is typically known as a closed system, or what I will refer to as a standard stormwater 

management (SSM) system.  A resultant number of impacts have arisen as these systems 

have been implemented and added to over the course of the land’s urbanization.  Another 

method by which stormwater may be dealt with is through what is known as an open 

system, or what I will refer to as an ecological stormwater management (ESM) system.  

This system also carries an inherent number of impacts, but differs from the standard 

system in that it conveys water more slowly, and often allows it to infiltrate pervious 

surfaces on-site.   
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The impacts associated with both standard and ecological stormwater 

management relate to several systems:  economic, social, human health, and the natural 

environment.  The impacts upon the last of these systems, the natural environment, will 

be focused upon in this study.  The impacts that both standard and ecological systems and 

their specific methods have upon the natural environment are described in an effort to 

gain an understanding of the most environmentally responsible means by which to 

manage stormwater in an urban area.  The urban area focused upon in this study is a 132-

acre site in the city of Fort Wayne, Indiana. 

Fort Wayne currently employs a standard storm water management system.  As 

stated above, any storm water management system carries with it a number of impacts; 

Fort Wayne is no exception to this.  This study reveals the implications of the 

environmental impacts specific to Fort Wayne’s system upon the city itself and upon its 

surrounding region, explains the problems the city faces as a result of these implications, 

and describes the existing call for change in the current system.  This results in a 

developed case for ecological stormwater management within the city.  The identified 

environmental impacts guide the design of the ecological system and its specific methods 

within the determined site.  Before this system was designed, however, inventory and 

analysis of the site was carried out.  Several site-specific characteristics are described and 

illustrated; this inventory of characteristics has undergone a critical analysis in an effort 

to design the most well-suited ecological stormwater management system for the site.  It 

was one of the goals of this study to provide a design that not only suits the site itself, but 

one that may be repeated in part throughout the city in an effort to offset the negative 

environmental impacts set forth by the current stormwater management practices. 
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Rationale for Studying the Case 

Before designing a system in which urban stormwater runoff may be managed, 

one needs to understand the cycle in which it is naturally processed and managed.  This 

process, known as the hydrologic cycle, is the means by which water moves between the 

sky above and the ground below through the cyclical actions of precipitation, percolation, 

transpiration, and evaporation (Fig. 1).  

This cycle is not wholly disrupted 

within the urban environment, but is 

altered nonetheless.  Girling and 

Kellett explain the fundamental 

differences between the natural and 

urban cycles:  “…vast areas of pavement and roofs, little open land, high pollutant levels, 

and higher temperatures –together create a different environment and require adaptive 

approaches to an urban hydrologic cycle” (123).  These differences do indeed call for a 

closer look at the management of urban stormwater runoff, as the effects of our methods 

of management within these environments are profound.  

 

Project Goals 

1. Design an ecological storm water management district for the city of Ft. Wayne: 

a. Design a storm water system throughout the site that illustrates the    

      possibility for such design elsewhere within the city. 

b. Design a stormwater park that may serve as the catalyst to the development of   

      an ecological stormwater management plan. 

 Figure 1: Hydrologic Cycle (glerl.noaa.gov ) 
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2. Decrease negative inputs from site into adjacent/nearby water bodies or streams by 

minimizing offsite discharge: 

a.   Identify and design site-appropriate ecological storm water management      

      methods in order to clean and allow for the slowing/infiltration of water on site. 

b.   Decrease volume and speed of first flush into CSOs, streams, and rivers. 

3. Increase value of site(s) through ecological storm water management design:  

a.   Design enjoyable, interactive, attractive, educational places using ecological     

      storm water management. 

b.   Consider context of and existing conditions in and around the site. 

 

Research Objectives 

The first objective is to define the components of a standard stormwater 

management system and the inherent environmental impacts of the system as a whole.   

The second research objective is to define the components of an ecological 

stormwater management system and its inherent environmental impacts.  The completion 

of these first two objectives will provide the means for the author to compare and contrast 

the two systems in an effort to design a system that will reach the goals of the project. 

A third research objective is to identify Fort Wayne’s responsibility and call for 

change in its current stormwater management practices.  It is assumed by the author that 

this change is necessary; its identification will strengthen the validity of the project. 
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Delimitations 

Through its completion, the author will present the information necessary to fulfill 

the goals of the project.  However, certain details will not be provided.  For example, the 

size of each stormwater management method designed for the site will not be accounted 

for in relation to volumes or design storm events.  Plant lists will not be assembled in 

accordance with specific methods.  Quantitative data relating to the environmental, 

economic or social impacts regarding the implementation or maintenance of the design 

will not be provided.  An estimate for the cost of the design will not be provided, nor will 

the economic capacity for the design’s implementation in the city of Fort Wayne be 

defined.  Finally, the technologies discussed for use at the Fort Wayne Green Technology 

Center will not be described in detail. 

 

 

 

 

 

 



 

 

 
Chapter 2:  Standard Stormwater Management (SSM) 

 
 
 
Typified by efficiency and speed 

in moving stormwater from a site’s 

impervious surfaces, standard 

stormwater management systems consist 

of inlets and catch basins connected by a 

network of underground pipes.  As 

runoff flows into gutters alongside roofs, 

streets and lots and is conveyed by the 

closed system, surface flow, volume and 

velocity are increased.  Within these 

flows sediment is gathered, temperatures 

increase, and water becomes clouded 

with captured pollutants.  Polluted runoff 

continues on its path towards the stream, 

where it is discharged and mixed with 

flows from additional points in the SSM 

system.  This collective discharge results 

in decreased biodiversity (a lack of     Figure 2: Environmental Impacts of SSM 
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oxygen in receiving waters kills off aquatic organisms), erosion and scouring (rushing 

volumes of water pull vegetation and soil from stream banks), lost resources (fish stocks 

are reduced), and the possibility for increased downstream flooding, all equating to the 

impairment of receiving waters.  Ultimately, the use of SSM can lead to the resultant 

effect of an altered natural hydrology (Fig. 2). 

 

Imperviousness and Stormwater as a Waste Product 

The inclusion of impervious surfaces in today’s urban environment is 

unavoidable.  Paved streets and parking lots cater to our preferred methods of 

transportation, while buildings and rooftops provide the settings in which we often live, 

work, shop, and play.  The necessity of these areas in the urban environment has led to 

the creation of a means by which to deal with their associated stormwater runoff.   

Before the urbanization of a landscape, a natural hydrology is inherently at work.  

Rain falls from the sky, soaks into the pervious soils of the landscape, and is used by 

plants, added to groundwater, or evaporated.  Regardless of its particular role, rain water 

is an integral part of the hydrologic cycle.  However, the introduction of impervious 

surface immediately transforms rainwater into stormwater runoff; rather than given the 

chance to operate within the hydrologic cycle as a resource, stormwater becomes a waste 

product that must be managed in an effort to protect the built environment.  “Typically, 

when land is developed, trees that formerly intercepted rainfall and pollutants are felled; 

natural depressions that temporarily ponded water are graded, soil is compacted; and the 

thick leaf-litter humus layer of the forest floor, which had absorbed rainfall, is scraped off 

or erodes…once a site has been developed, it can no longer store as much water, and 



 8

rainfall is immediately transformed into runoff and transported to rivers, lakes, wetlands, 

or other surface water systems” (Hopper, ed. 204).   

The commonly held view of stormwater as waste lies at the heart of SSM.    

Described below are the goals associated with the functions of SSM as relating the 

impervious surfaces so commonly found in the built environment. 

 

Common Goals of SSM:  Fast and Efficient Collection, Conveyance, Disposal 

It is of value to briefly explore the goals of SSM before describing the 

particularities of the system so that one may understand the reasoning behind its use.  

Effectively summarizing these goals are Patchett and Wilhelm in Designing Sustainable 

Systems: “Instead of treating water as a precious resource, it is handled as a waste 

product, to be safely and efficiently conveyed from the site just as quickly as the law will 

allow” (www.cdfinc.com).  Within the SSM paradigm, stormwater runoff is commonly 

viewed as a problem in that it physically and functionally threatens the built environment.     

In order to deal with this threat, a method by which to eradicate its existence has 

been developed.  Since “urbanized landscapes generate higher volumes of runoff at faster 

rates than their agricultural or natural counterparts because so little of the rainfall can 

filter into the ground,” it has been made apparent that the accrual of runoff is 

unavoidable, and therefore must be conveyed away from the urban environment as 

quickly and efficiently as possible (Girling and Kellett 119).  This goal has been reached 

through the design and implementation of the three basic functions of the SSM system: 

collect, convey, and dispose of surface runoff (Nathan, Strom and Woland 224).   

 



 9

Methods:  Closed System 

A closed, or standard stormwater management (SSM) system collects, conveys, 

and disposes runoff through the utilization of “pipes, an inlet/catch basin, and manholes, 

[and] is used in more urban, populated areas, where land must be used efficiently and 

water brought below the surface quickly to avoid interference with human activity” 

(Hopper, ed. 201).  This pipe network may carry stormwater alone, or may be combined 

with sanitary sewers.  Regardless of the intricacies of the system, it ultimately results in 

the discharge of its contents into receiving waters.  

Described below are the basic functioning elements of SSM that are implemented 

in order to reach its goals. 

 

Collect:  Curbs/Gutters and Surface Inlets 

The collection of surface runoff is the first step of SSM; this is achieved by the 

use of a number of structures within the built environment, each designed and placed 

according to function and relation to impervious 

surface.   

The primary means by which runoff is collected 

is through the use of the curb and gutter (Fig. 3).  Curbs 

are used to direct and restrict storm runoff, while the 

gutter serves as a paved drainage channel alongside the curb (Nathan, Strom and Woland 

34).  Runoff is directed towards the gutter, where it is conveyed towards a surface inlet 

structure; the curb acts as a barrier to its continued horizontal flow.   

Figure 3: Typical Curb and Gutter 
(tippcityohio.gov) 
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A variety of surface inlet structures function as openings through which surface 

flows are collected and transferred to the underlying conveyance system.  One such 

structure is the drain inlet (Fig. 4).  Typically built into curb and gutter, drain inlets allow 

surface runoff to flow directly into a conveyance pipe with no consideration given to the 

collection of sediment or debris.  

Similar to the drain inlet in basic function is the catch basin.  

However, these structures, typically constructed of concrete block 

or precast concrete rings, feature at their base a sump or sediment 

bowl used to trap and collect debris (Nathan, Strom and Woland 

221).  The inclusion of catch basins throughout an SSM system 

contributes to the reduction and removal of sediment and trash 

entering receiving waters at its end.   

Several surface inlets are used separately from the curb and 

gutter, as well.  Area drains are placed throughout broad expanses 

of impervious surface, allowing for the collection of runoff in 

concentrated areas (Fig. 5).  A common application of the area  

drain is within a parking lot; surfaces are graded towards a 

collection point in which the prefabricated, centralized drain is 

located.  As surface runoff flows to this common point, the drain 

collects and transfers it to the conveyance system below.  Similarly, 

trench drains are placed alongside expanses of impervious surfaces in order to intercept 

sheet flow runoff (Fig. 6).  In contrast, however, is the inherently linear nature of the 

Figure 4: Drain Inlet 

Figure 5: Area Drain 

Figure 6: Trench Drain 
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trench drain, designed to collect broad sheet flows rather than the concentrated flows 

directed towards area drains.   

Each of these means of collection work in concert with the SSM methods of 

conveyance and disposal to reach the goals of speed and efficiency, contributing in sum 

to the environmental impacts of SSM. 

 

Convey:  Sewer Systems 

After surface runoff is collected, it must continue on its path towards a means of 

disposal.  By definition, SSM utilizes a network of pipes to carry out the job of 

conveyance.  These pipes, or sewers, may be part of either a separate or combined 

system. 

In a separate sewer system, stormwater and 

wastewater are conveyed within their own respective 

pipes.  Separate stormwater sewers typically 

discharge collected runoff directly into receiving 

waters (streams or rivers); these discharge points are 

located in relation to collected volumes and 

geography.  Separate wastewater sewers, carrying 

volumes of waste from a variety of human 

environments (i.e. bathrooms, kitchens, factories) are 

directed towards water treatment facilities before discharging into receiving waters.  

Before exploring the environmental effects of the use of separate sewers, one must first 

explore the functions of combined sewers.   

  Figure 7: Functions of Combined Sewers   
  (Sewage Overflow Reduction and Long   
  Term Control Plan Executive Summary) 
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Combined sewer systems carry both storm- and wastewater in the same pipe.  As 

wastewater is conveyed away from buildings, it is joined by incoming stormwater via the 

means of collection described above.  Rather than providing a route towards separate 

treatment and discharge destinations, combined sewers flow towards a central 

treatment/discharge point within one pipe.  “It is not usually feasible for this pipe to be 

designed to carry the full combined flow at all times to treatment… therefore, at high 

flow-rates it is necessary for some of the flow to be discharged to a watercourse” (Butler 

and Davies 254).  In other words, combined sewers are designed to account for all flows 

during dry weather conditions, carrying total volumes to the water treatment facility (Fig. 

7).  However, in wet weather conditions, combined sewers likely do not bear the capacity 

to convey the incoming volumes; it is during these times that the exceeded capacity 

volumes are discharged into receiving waters via built structures called combined sewer 

overflows, or CSOs.  These structures are located directly on the banks of the receiving 

waters, able to readily discharge volumes of combined waters in order to avoid system 

back-up or failure (Fig. 8).  It should be noted that only volumes exceeding system 

capacity are discharged from CSOs, as capacity 

volumes are still conveyed towards water treatment 

facilities. 

Fundamentally, storm- and wastewater are 

mixed in combined sewers; this mixture is the 

resultant untreated CSO discharge during wet weather 

conditions.  It is obvious that a number of pollutants are present within such a mixture of 

human-generated waste and stormwater runoff, and that these pollutants contribute to an 

Figure 8: CSO Discharge 
(www.savemaumee.org) 
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increase in the overall pollution levels of receiving waters.  It may therefore be 

determined that a separate sewer system is the better alternative to a combined sewer 

system.  In basic contrast, this may be the case; however, separate systems do carry their 

own drawbacks.  For example, Butler and Davies note the fact that perfect separation of 

storm- and wastewater is nearly impossible to achieve: “it is very hard to ensure that no 

rainwater finds its way into the wastewater pipe” (21).  This is the case due to the 

possibility of either infiltration or accidental direct inflow of stormwater into wastewater 

sewers.  In addition, stormwater discharged from separate storm sewers is not necessarily 

free of pollution.  Sediment and pollution associated with surface runoff accumulates and 

is carried away within surface flows during rain events, contributing to the cumulative 

environmental impacts of the stormwater management system.  

 

Dispose:  Treatment/Discharge 

Following collection and conveyance, stormwater runoff must be disposed of.  

The disposal of stormwater may take place by means of direct discharge “either through a 

pumping station or by gravity drainage to an adequate outfall” into receiving waters 

(Hopper, ed. 200).  Pre-discharge treatment may be desired or necessary within separate 

systems.  In the case of combined sewer systems, however, treatment is absolutely 

necessary, as storm- and wastewater are discharged into receiving waters as a combined 

mixture.  

Treatment of stormwater within a separate sewer system is likely to occur by 

means of detention and/or retention.  Detention is the means by which runoff is captured 

and slowly released back into the stormwater system through an undersized outlet.  
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Retention is the means by which runoff is captured and slowly released back into the 

stormwater system by displacement caused by additional runoff.  The benefits of both 

treatment options lie in their ability to settle suspended solids and pollutants and to 

decrease peak discharge rates.  Both methods are further described below in Chapter 3: 

Ecological Stormwater Management. 

Following treatment (or perhaps not), stormwater within the separate sewer 

system is discharged into receiving waters via an outfall.  The outfall is a structure 

designed in relation to cumulative flow volumes 

within the system that releases stormwater directly 

into a stream or river (Fig. 9).  In contrast to the 

combined discharges of the CSO structure, stormwater 

outfalls only discharge runoff. 

Treatment within a combined sewer system 

comes in the form of the water treatment facility.  

These facilities are designed to effectively clean all 

incoming flows through various physical, chemical, 

and biological processes.  The goal of the treatment facility is to produce outgoing flows 

that are suitable for discharge into receiving waters.  Discharge typically occurs 

immediately after treatment; therefore, these facilities are located at the furthest possible 

downstream position within the sewer system.  Total volumes within the combined 

system do not always reach the preferred treatment facility destination, and are 

prematurely discharged via the CSO, resulting in an increased volume of polluted water 

Figure 9: Separate Storm Sewer Outfall
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added to receiving waters.  Of course, several additional impacts are consequently 

imposed upon these waters thereafter.



 

  

 
Chapter 3:  Ecological Stormwater Management 

 
 
 
Typified by the parallels between 

the hydrology of a built environment and 

that of the natural environment, ecological 

stormwater management (ESM) systems 

consist of methods by which water is 

cleaned, treated, slowly conveyed, and 

allowed to infiltrate pervious surfaces. 

Surface water is directed off of roofs, 

streets, and lots onto pervious surfaces.  

These surfaces contain depressions, 

vegetation, filtering media, and means of 

conveyance through which water is 

treated, slowed and allowed to infiltrate. 

Oftentimes, this is carried out through a 

series of methods typically referred to as a 

‘treatment train,’  resulting in water 

quantity benefits such as decreased surface 

flows, volumes, and flow rates, leading 
      Figure 10: Environmental Impacts of ESM 
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consequently to water quality benefits such as decreased water temperatures, 

sedimentation rates, pollutant loads, and turbidity. An increase in biodiversity, cleaner 

water, decreased flooding frequency and severity, and decreased stream erosion and 

scouring are the final environmental impacts of ecological stormwater management 

systems.  Ultimately, the use of ESM may lead to the resultant effect of a restored natural 

hydrology (Fig. 10). 

 

Reduction of Imperviousness and Stormwater as a Resource 

The primary means by which to attain success in restoring and maintaining stream 

quality through the implementation of ESM is the reduction of impervious surface.  This 

reduction should be approached first by identifying primary areas of connection between 

surfaces, as these connections allow surface runoff to travel uninterrupted towards the 

stormwater system.  Simply put, “minimizing a directly connected impervious area in an 

urbanized watershed reduces stormwater runoff volume by slowing it down as it 

progresses from the headwaters of a watershed to the receiving waters” (Stahre and 

Urbonas 418).  Surface flow is interrupted, volume and velocity are decreased, and each 

subsequent impact is improved upon.  By reducing the primary cause of negative 

environmental impacts, each resultant effect is diminished. 

The typical impervious connections in the context of the urban environment are 

streets, alleys, parking lots, and roofs.  As these features are essential elements of a city’s 

infrastructure, they cannot simply be removed.  However, several methods by which to 

interrupt their connections may be used. 
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A common bond exists between each method: stormwater is considered to be an 

important resource.  Through the use of ESM, the possibilities of stormwater use and 

reuse are explored, and design of the built environment is carried out accordingly.  In 

Designing Sustainable Systems: Fact or Fancy?, Patchett and Wilhelm describe the view 

of stormwater as resource: “The primary goal of both the building and site should be, 

wherever possible, to retain the water where it falls, to be treated as a resource, not 

discharged as a waste product. This will require new design innovations throughout the 

built environment in the form of buildings which detain water, redesigned drainage 

systems, and the integration of plant systems uniquely adapted to the region with specific 

water holding capabilities” (www.cdfinc.com).  These design innovations must utilize 

and serve as an extension of all ESM methods with the primary vision of stormwater as 

resource as first priority.  Further priorities consider the initial environmental impacts 

associated with urban stormwater; it is from these associations that the common goals of 

each ESM method originate.   

 

Common Goals of ESM:  Slow and Natural Collection, Conveyance, Infiltration                      

The first goal of ESM is to foster slow, natural conveyance of stormwater runoff.  

This means of conveyance decreases velocity and offers the possibility of sediment and 

pollutant removal.  Stahre and Urbonas offer a scenario of conveyance and its benefits 

through the use of a grass swale: “…slowing of surface flow by grassed surfaces allows 

some of the suspended solids, and other pollutants as well, to be trapped in the grasses 

before the surface runoff reaches the hydraulically efficient conveyance parts of an urban 
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drainage system” (418).  This illustrates the positive relationship between ESM methods 

and the environment, and more specifically, water quality.   

The infiltration of stormwater into the soils upon or near the location where it falls 

ultimately results in the decrease of surface runoff volume, a major environmental impact 

of urban stormwater.  Volume of runoff forced upon either the stormwater management 

system or streams is reduced; again, subsequent impacts are resultantly decreased.  

Girling and Kellett suggest the replacement of infiltration capacities of all urban 

landscapes through “infiltration stormwater systems” (124), while Herricks warns of such 

measures and the “unintended secondary environmental consequences of operating urban 

runoff controls” (372).  He expresses concern regarding possible groundwater 

contamination as the result of increased infiltration.  While possibly casting a negative 

view upon ESM, this implication simply illustrates the need for thorough understanding 

of each method and for the completion of a comprehensive site analysis before 

implementation within a stormwater management system.  The goal of infiltration as an 

ESM method may be compared to SSM as a means of disposal.   

 

Non-Structural Methods 

Several stormwater management methods can be implemented that require no 

physical change to the landscape while still promoting improved water quality.  Land-use 

planning, ‘good housekeeping’ measures, and education are the three primary divisions 

of non-structural ESM methods. 

Non-structural methods rooted in land-use planning “guid[e] the growth of a 

community away from sensitive areas…by restricting certain types of growth to areas 
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that can support it without compromising water quality” (Drinan and Spellman, eds. 75).  

These restrictions may be carried out through changes in zoning laws or promoted by 

incentives offered for building in specific areas.  Awareness of the positive effects of a 

reduction in impervious surface throughout the planning process may also result in 

improved water quality.  Further planning efforts may involve the conservation of natural 

areas that are well suited to capture, treat, and allow the infiltration of stormwater.  These 

methods promote potentially positive impacts on water quality as the result of pre-

construction planning, whereas the following examples may achieve similar results, but 

can be implemented post-construction. 

Several site-specific practices commonly referred to as ‘good housekeeping,’ can 

be implemented by the collective population in an effort to improve water quality.  One 

popular practice is storm drain marking.  Separate 

storm sewers that drain directly into streams or rivers 

are marked with stencils or emblems reminding 

people to keep garbage, chemicals, and hazardous 

waste out of the pipe (Fig. 11).  The materials 

contributing to such pollution should be disposed of 

properly; such disposal illustrates another effective good housekeeping practice.  

Similarly, the proper disposal of both lawn debris and pet waste represent another good 

housekeeping opportunity.  “Grass clippings and leaves can be carried away by runoff 

and can find their way into streams where they rapidly decompose and release nutrients,” 

while pet waste “can cause significant loadings of bacteria, nutrients, and oxygen 

demanding substances to urban runoff” (Drinan and Spellman, eds. 218).  Furthermore, 

Figure 11: Storm Drain Emblem 
(www.cityoffortwayne.org) 
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acknowledgment of the use of pesticides, herbicides, and fertilizers should be made.  If 

use is necessary, one should take care to apply the recommended amounts of these 

materials to avoid nutrient loading and toxicity increase.  Finally, not to be overlooked is 

the disconnection of downspouts from impervious surfaces or sewer pipes to pervious 

surfaces, such as lawns.  This practice reduces the overall volume of runoff imposed on 

the stormwater management system.   

The good housekeeping practices described here above relate to individual 

actions.  While this project does not directly address these individual actions through 

design, the promotion of public awareness is accounted for.  Awareness is gained through 

education. 

“Information that explains the sources of nonpoint source pollution, control 

measures available, and the steps homeowner and commercial owners can take to reduce 

impacts of their activities can help to increase the public awareness of the need to control 

nonpoint source pollution” (Drinan and Spellman, eds. 218).  Several opportunities 

promoting the distribution and availability of this information exist, including typical 

media outlets, workshops, seminars, and school programs.  Local watershed groups, 

neighborhood associations, or similar groups of concerned citizens may act as the conduit 

through which such information may pass to the general population.  The design of 

spaces intended to educate its users is another valuable means the conveyance of 

awareness and information.   

Although it may seem that only an insignificant improvement of water quality 

may result from the use of non-structural stormwater management methods, many claim 

otherwise.  At the forefront of potential impacts resulting from these methods is public 
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education; as planning and good-housekeeping measures are notable, widespread 

awareness carries with it the possibility of widespread action.  Increase in public 

education is addressed in this project through the aspects of demonstration and design 

that reveals the functions of the site.   

 

Structural Methods:  Open System 

An open, or ecological stormwater management (ESM) system is one in which 

surface runoff is conveyed throughout a series of pervious surfaces so that it may be 

slowed, cleaned, and given the opportunity to infiltrate the underlying soils.  Only when 

considered necessary are systems designed in which runoff is directed towards a pipe (i.e. 

as a safety measure for system overflow).  The individual open system methods by which 

water is conveyed, treated, stored, and either allowed to infiltrate soils or discharged are 

described below.  Commonly referred to as Best Management Practices (BMPs), Low 

Impact Development (LID), or Stormwater Control Measures (SCMs), these methods all 

work in an effort to restore a built site’s hydrology to pre-development status.  This is 

achieved by assembling the most effective combination of methods in a stormwater 

‘treatment train.’  Each method works in concert with the next in order to “more closely 

mimic the hydrology and the ecological and biological integrity of watersheds” (Girling 

and Kellett, 132).   

While each individual ESM method is valuable in reaching the goal of improved 

water quality, one must recognize the suitability of each within particular settings—the 

suitability of each is complimented by its unique associated impacts.  Proper placement 
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of each method within a linked treatment train offers the greatest potential for an overall 

improvement in water quality. 

 

Infiltration 

The process of infiltration is basic: surface runoff is directed towards a pervious 

surface where it is given the opportunity to soak into underlying soils.  Predevelopment 

conditions naturally assume infiltration as the primary means by which stormwater is 

treated and conveyed; rain falls to the ground, soaks in, and is added to groundwater 

where it is later discharged through long-term base flow.  The goal of infiltration within 

the built environment is the same, but the means by which it is achieved must respond to 

the particular environment where it is used.  For example, infiltration implemented in 

concert with bioretention calls for temporary storage of surface runoff; this storage 

capacity must meet the catchment area-runoff volumes of the bioretention cell.  In 

addition, the built environment’s sub-surface soils may not match those of its 

predevelopment status.  In this case, soil amendments may be necessary in order to 

achieve effective storage, treatment, and infiltration of surface runoff.   

The Urban Storm Water Retrofit Manual states that before infiltration takes place, 

“stormwater runoff must first pass through some form of pretreatment, such as a swale or 

sediment basin” (Schueler 181).  Many forms of pretreatment and/or conveyance exist 

within the built environment, including bioretention cells, swales, rain gardens, 

greenroofs, and permeable paving.  Each of these methods carries with them the 

possibility of infiltration as their end goal, resulting in a decrease of surface runoff 

volume.  However, this is only feasible under ideal conditions: “Infiltration basins should 
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be kept away from water-supply wells, building basements, and steep unstable slopes.  

Infiltration should not be done on brownfield sites where existing soil pollutants must not 

be leached into the environment” (Hopper, ed. 232).  In addition, Schueler states that 

infiltration “can occur at sites with highly permeable soils, a low groundwater table, and a 

low risk of groundwater contamination” (171).  When conditions do not allow for 

infiltration to take place, the use of an underdrain in the bottommost layer of each 

structural method may be used to convey runoff to a proper discharge point.  As the site 

conditions of this project are not particularly favorable for infiltration, the methods of its 

employment must be used with an underdrain. 

Described below are the methods that may be used to achieve storage, treatment, 

and infiltration of runoff near its origin.  The associated environmental impacts of each 

are also described. 

Soil Amendments 

In order for surface runoff to adequately infiltrate soils after being diverted from 

impervious surfaces, the properties of the soil must be considered.  Many sites contain 

sub-surface soils through which infiltration can not take place, such as the typical clay 

soils found in northeast Indiana.  In addition, the topsoil of most built sites is stripped 

away, leaving sub-surface soils subject to severe compaction.  “This has an immediate 

hydrologic impact because of the reduction in soil structure, pore space, organic content 

and biological activity” (LID Center).  It is in these sites that soil amendments must be 

made.  Following the completion of a thorough analysis of native soils, “soil additives, or 

amendments, can be used to minimize development impacts on native soils by restoring 

their infiltration capacity and chemical characteristics” (LID Center).  These amendments 
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may include compost, mulch, topsoil, lime, and/or gypsum.  Their addition assists in 

offsetting the loss of nutrients and balance of acidity that inherently results from the loss 

of native soils (LID Center).   

The inclusion of soil amendments in conjunction with several of the ESM 

methods described below ultimately contributes to an increase in water quality.  This 

increase is the result of improved infiltration capacity and pollutant filtration capability.  

In addition, soil amendments reduce the need for fertilizer, pesticides, and irrigation by 

supplying a slow, increased release of nutrients, increase soil stability, and hold more 

runoff on site, resulting in reduced thermal pollution, attenuated peak flows, maintained 

base flows, and increased groundwater recharge (LID Center).  In this project, soil 

amendments will likely be necessary in the implementation of bioretention cells, swales, 

rain gardens, all filtration methods, and constructed wetlands.  Failure to take necessary 

measures may result in decreased infiltration and pollutant removal efficiencies, and may 

even lead to the failure of the ESM 

system. 

Bioretention/Rain Gardens 

Bioretention is used to slow, 

treat, and in most cases, infiltrate 

stormwater runoff (Fig. 12).  Commonly 

referred to as ‘rain gardens,’ bioretention 

cells are shallow depressions that collect 

surface runoff and “incorporate many of the pollutant removal mechanisms that operate 

in forested ecosystems” (Schueler 171).  These mechanisms take place within an 

Figure 12: Bioretention Cell Diagram (Urban Subwatershed 
Restoration Manual) 
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underground filter composed of several layers, including mulch, a planting soil bed, sand 

bed, and an underdrain or native soils.  The highest levels of pollutant removal take place 

in the soil and sand beds.  If the use of an underdrain is necessary, the runoff is 

discharged into either the existing SSM system or directly into receiving waters.   

Able to serve only relatively small drainage areas (one acre or less, according to 

Schueler), the site opportunities for bioretention are far-ranging and diverse.  This 

method can be used adjacent to nearly any impervious surface, including parking lots and 

buildings; it is in these areas that the method is used in this project’s design.  The inherent 

flexibility in design makes bioretention an ideal 

candidate as a functional landscaping feature, often 

appearing merely as a planting bed (Fig 13). 

“The most recent studies indicate that 

bioretention provides effective pollutant removal 

for many pollutants as a result of sedimentation, 

filtering, plant uptake, soil adsorption, and microbial processes” (Schueler 173).  The 

pollutants effectively removed from runoff through bioretention range from heavy metals 

to nutrients.  According to the Low Impact Development Center, heavy metals are 

typically removed in the mulch layer; sites within which these pollutants are present, this 

top layer should be increased.  However, other pollutants (i.e. phosphorous, nitrogen, 

ammonia, and nitrate) are most effectively removed within the soil and sand layers; sites 

within which these pollutants are present, cells should be made deeper to account for the 

increase of these layers.  In addition to pollutant removal, further benefits arise from the 

Figure 13: Bioretention Cell in Parking 
Area (www.ia.nrcs.usda.gov) 
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slowing and reduction of peak discharge volumes made possible by the holding capacity 

of bioretention cells.   

Swales 

Vegetated linear depressions, commonly referred to as swales, are the primary 

means by which runoff is conveyed in an open system.  Implemented as an alternative to 

the curb and gutter system typically used in SSM, surface runoff is directed towards the 

swale, where it is then slowly conveyed, treated, and either infiltrated or directed towards 

another destination in the treatment train or a downstream point in the receiving system, 

reducing runoff rate and volume (Hopper, ed. 236).  Swales work as excellent methods 

by which impervious surfaces may be disconnected.  In addition, they may be found in a 

variety of forms, including dry or wet swales and grassed channels.  Each aims to achieve 

similar goals, including moderate pollutant removal capability, runoff volume reduction, 

and increase in groundwater recharge (Schueler 185).  However, differences may be 

found in the objectives and effectiveness of each. 

Dry swales may be described as linear bioretention cells that convey runoff in 

addition to contributing to its 

treatment (Fig. 14).  Stormwater 

runoff flows into the swale, is 

filtered through a fabricated soil 

bed, and either infiltrates sub-soils 

or is directed into an underdrain.  

“Existing soils are replaced with a sand/soil mix that meets minimum permeability 

requirements” so that runoff is not encouraged to pond for undesired periods of time and 

  Figure 14: Dry Swale Diagram (Urban Subwatershed Restoration   
  Manual) 
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so that particular pollutants may be effectively removed through the process of filtration 

(Schueler 185).  Oftentimes, the vegetation used in dry swales is simply grass; however, 

vegetation similar to that used in bioretention cells may also be used, contributing to 

further pollutant removal.  

In addition to receiving stormwater runoff from impervious surfaces, wet swales 

“intercept shallow groundwater to maintain a wetland plant community” (Schueler 185).  

A diagram of a typical wet swale 

may be seen in Fig. 15.  In this 

vegetated environment, water is 

slowed to the point that the settling 

of sediments and pollutant uptake 

may take place.  Depths for wet 

swales should be 3-6’ deep, and no steeper than 4:1; in fact, side slopes should be kept as 

flat as possible (Stahre and Urbonas 393).  It may be required that this depth work in 

concert with the depth of the water table within a 

given site, in that vegetation is supported by soils 

saturated by shallow groundwater.  Upward hydraulic 

gradients may also contribute to soil saturation, in 

which case swale depth may not require matching 

with water table depths; the project site provides both 

of these conditions.  As peak runoff rates are 

decreased by slowed flows within the wet swale, 

    Figure 16: Wet Swale Diagram (Urban Subwatershed Restoration 
    Manual) 

Figure 15: Grass Channel w/ Curb Cuts, 
Seattle, WA 
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pollutants are effectively removed by plants, soils, and settling of sediment.  

Grass channels are used to slowly convey runoff (Fig. 16).  These means of 

conveyance have long been used as roadside collectors of runoff where curb and gutter 

methods are not feasible.  In contrast to the wet swale, the possibility of infiltration may 

be explored when implementing a grass channel in an ESM system.  However, in the case 

that infiltration is not a possibility, “a ditch can be designed to slow the rate of flow, 

thereby encouraging settling out of sediment near its source…the slower the flow, the 

more effectively the pollutants are removed from the stormwater” (Stahre and Urbonas 

418).   

Green Roofs 

Green roofs are vegetated covers used in 

place of the impervious roof covers typically used 

in building applications (Fig. 17).  Their basic 

function is to reduce runoff generated by these 

typical impervious covers.  Green roofs commonly 

consist of several layer components (Fig. 18).  The 

top layer consists of vegetation suitable for the 

particular climate and growing conditions of the 

site.  Further dictating vegetation use is the depth 

of the second layer, the growing medium.  The depth of this layer defines the green roof 

as being either intensive or extensive.  An intensive green roof has a layer of planting 

medium deep enough to sustain small and large shrubs, while the growing medium layer 

of the extensive green roof is much shallower.  Commonly used extensive green roof 

Figure 17: Green Roof, ASLA Headquarters, 
Washington, D.C. 
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vegetation consists of succulents, mosses, grasses, and sedum (Hopper, ed. 399).  Both 

the vegetated and growing medium layers determine the effectiveness of runoff 

reduction: “The water retention capacity of the soil is dependent upon both the properties 

of the soil substrate and the vegetative cover” (LID Center).  Typically layered beneath 

the growing medium is a drainage or water storage layer.  It is within this layer that 

rainwater is stored after filtering through the two subsequent layers.  A root barrier may 

be found between this layer and the waterproofing roof membrane, the protective bottom 

layer of the green roof. 

The primary benefit of green roofs involves a reduction in stormwater runoff as a 

result of rainwater infiltration: “…for small rainfall events little or no runoff will occur 

and the majority of the 

precipitation will return to the 

atmosphere through 

evapotranspiration.  For storms of 

greater intensity and duration a 

vegetated roof can significantly 

delay and reduce the runoff peak 

flow that would otherwise occur 

using conventional roof design” 

(LID Center).  In addition, green 

roofs provide the opportunity for the development of a protected habitat, and may be 

valued as an experiential or visual amenity when physically or visually accessible via 

Figure 18: Green Roof Component Layers (Landscape Architural 
Graphic Standards) 
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rooftop access or neighboring windows.  Each of these benefits is applicable in this 

project’s design, acting as direct objectives to its goals. 

Permeable Paving 

Permeable or porous paving is used as an alternative to traditional paving 

materials in an effort to reduce runoff volumes by allowing for the infiltration or storage 

of surface runoff.  A variety of permeable paving types exist, 

each characterized by spaces within the surface layer in 

which runoff is allowed to pass through.  Some paving types 

consist of a continuous surface course, including porous 

asphalt and porous concrete (Fig. 19).  These pavements may 

best be suited for sites where large expanses of paving are 

necessary and may be placed by machine.  Other types are 

modular; for example, porous paver bricks perform similarly 

to continuous pavements, but are installed singularly by hand.  

Soil and grass-filled or gravel-filled interlocking concrete 

blocks are other forms of modular permeable paving (Fig. 

20).  Pervious pavements are most often used in parking areas 

or any other surface where there is little traffic (Butler and 

Davies 466).   

Common to all types of permeable paving are the basic sub-surface layers 

necessary for their proper functioning (Fig. 21).  Beneath the appropriately selected 

permeable layer is a granular graded filter layer, typically consisting of sand or fine 

gravel.  This layer acts as the primary base upon which the permeable paving material sits 

Figure 20: Interlocking Concrete 
Blocks 

Figure 19: Permeable Concrete 
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(used only with modular paving).  To discourage the migration of this layer into the next, 

the use of a filter fabric may be necessary.  Under this is a deep layer of open-graded 

aggregate.  This layer serves as the location of an excellent storage opportunity for 

filtered runoff; its depth is dependent upon this use.  A membrane serves as the lowest 

sub-surface layer used in the installation of permeable paving.  Its use is necessary only 

when infiltration is not feasible (Stahre and Urbonas 21).  In this case, filtered runoff may 

be directed towards either drainage pipes or into a storage structure where it may be 

accessed for use (i.e. irrigation).  

This type of use exemplifies the idea 

of stormwater as resource.  In the 

case in which infiltration is feasible, 

a permeable membrane should be 

installed as the bottom layer to 

prevent the upward migration of soils into the aggregate layer. 

In effect, permeable paving “reduces or modifies the directly connected surface 

imperviousness of an urban watershed” (Stahre and Urbonas 21).  Widespread use of this 

method is not particularly feasible in the project design, but is employed as a 

demonstration practice to highlight its value as a method for resource conservation. 

Split-Flow Management 

The ESM methods described above all function with infiltration as the overall 

end-goal.  However, complete infiltration is not feasible on every site or in every 

situation.  In situations such as these, split-flow management may be used in order to 

sustain the remaining advantages of ESM.   

   Figure 20: Permeable Paving Subsurface Layers Diagram  
   (Stormwater: Best Management Practices and Detention  
    for Water Quality, Drainage, and CSO Management) 
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“Split-flow stormwater management divides runoff continuously into proportions 

that are directed to infiltration and downstream discharge” (Hopper, ed. 234).  Runoff 

rate and volume is decreased in spite of the direct conveyance of runoff into receiving 

waters.  This is achieved through the use of a proportional flow splitter (Fig. 22).  A 

proportional splitter consists of two V-notch weirs set into a drop inlet or other fixed 

structure.  One weir’s notch angle is set to “pass the desired peak runoff rate at a 

convenient flow depth.  A second V-notch weir is designed at the same flow depth to 

pass the remaining portion of the flow, which will go to infiltration” (Hopper, ed. 234).  

The runoff outlet discharges into a pipe or channel, while the infiltration outlet discharges 

into an infiltration basin.  This basin is likely located in an area deemed applicable for 

infiltration (i.e. an adequate distance from the basement foundations in a residential 

neighborhood).  Regardless of runoff quantity, flows maintain proportionate rise and fall 

in split-flow management. 

Further water quality 

improvements may be achieved if 

runoff is first guided through ESM 

filtration methods.  The use of 

bioretention, swales, permeable 

paving, or any of the filtration 

methods described below will 

contribute to these increased 

improvements.  Split-flow 
       Figure 21: (Landscape Architectural Graphic Standards) 
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management functions well as a diverse method in which stormwater runoff may be 

filtered, infiltrated, and/or slowly conveyed.  Its use may be adapted based upon site 

characteristics pertaining to water quantity, quality, and infiltration goals; this 

adaptability contributes to its overall effectiveness.  Split flow management is not 

addressed directly in the project design; however, its implied use accounts for safety 

measures in the case of ESM system overload. 

 

Filtration 

Stormwater filtration is a valuable ESM alternative to SSM practices, especially 

in cases where infiltration of surface runoff is not feasible.  Several different types of 

filtration methods may be used as standalone features within an ESM system.  A similar 

basic design may be found in each: runoff first passes through a sediment chamber in 

which sediment is allowed to settle, then passes through a filter media in which pollutants 

are removed, and is finally discharged into an underdrain that conveys the runoff towards 

either the storm drain system or a downstream ESM method (i.e. infiltration chamber).   

The environmental impacts of filtration upon receiving waters are largely limited 

to water quality improvements by means of treatment, as overall volumes aren’t 

necessarily reduced by their use.  “Stormwater filters depend mainly on physical 

treatment mechanisms to remove pollutants from stormwater runoff including 

gravitational settling in the sedimentation chamber, straining at the top of the filter bed, 

and filtering and adsorption onto the filter media” (Schueler 178).  Their use as pre-

treatment methods used in conjunction with downstream infiltration chambers may be of 
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further benefit.  In addition, filtration methods are well-suited for sites with limited space, 

as they consume very little surface area.   

Filtration is used sparingly in the project design as the site meets the space 

requirements of several other ESM methods.  However, their use is of benefit in 

particular pollutant-prone locations.  Described below are the different filtration methods 

that may be used in ESM; the particular benefits of each are described, as well. 

Sand Filters 

The Urban Subwatershed Restoration Manual lists four types of sand filters:  

surface, underground, perimeter, and multi-chamber treatment train (MCTT) (175).  

These types of filters are best suited to remove toxics that are attached to sediments.  

However, soluble compounds are not effectively removed; as a result, pre- or post-

treatment of runoff may be necessary in order to achieve optimal treatment (Herricks, ed. 

387).   

Surface sand filters are 

designed with both the sediment 

chamber and sand filter located at 

ground level (Fig. 23).  Surface runoff 

is directed via either an open channel 

or closed pipe towards the sediment 

chamber, which in this case is an open 

pool.  As water from this pool is displaced by additional runoff, it overflows into the sand 

filter.  An underdrain conveys runoff towards the downstream receiving system.  The 

particular value of surface sand filters is found in their placement in relation to targeted 

Figure 22: Surface Sand Filter Diagram (Urban Surbwatershed 
Restoration Manual) 
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areas of concern: “Surface sand filters are designed off-line so that only the desired water 

quality volume is directed to the filter for treatment” (Schueler 175).  This allows for ease 

in sizing, as the filter’s catchment area will be more easily defined. 

Underground sand filters function similarly to surface sand filters, with the 

obvious exception that they are located underground.  Additionally, these filters are more 

easily linked to on-line systems and are “often designed with an internal flow splitter or 

overflow device that bypasses runoff from larger stormwater events around the filter” 

(Schueler 176).  This link to on-line systems provides the opportunity for runoff that is 

typically collected and discharged via an SSM system to benefit from at least one form of 

treatment before being released into receiving waters. 

Perimeter sand filters function similarly to underground sand filters through the 

settling of sediment and pollutant filtration.  Connected to on-line systems, overflow of 

excess volumes within perimeter sand filters are 

handled similarly, as well.  The primary difference 

between the two, however, is that runoff enters the 

perimeter sand filter via surface grates (Fig. 24).  

This method of inflow accounts for their primary 

benefit: “[the perimeter sand filter] requires little 

hydraulic head and is therefore a good option for retrofit sites with low relief” (Schueler 

176).  Sites typically deemed appropriate for the use of the perimeter sand filter are 

parking lots; their low relief and concentration of sediments and attached pollutants 

create an ideal environment for implementation. 

 Figure 23: Perimeter Sand Filter  
 (dhn.iihr.uiowa.edu) 
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MCTT filters are another form of the underground sand filter, using three 

treatment chambers rather than two.  In the first chamber, large sediment particles and 

their attached pollutants are allowed to settle.  Smaller particles and pollutants are 

removed in the second chamber through the use of fine bubble diffusers and sorbent pads.  

In the final chamber, runoff is filtered through a peat sand filter, which removes 

remaining pollutants.  Flow is evenly distributed through this filter by a filter fabric.  The 

use of MCTT filters has proven to achieve very high pollutant removal rates (Schuler 

177). 

Organic Media Filters 

Organic media filters are designed and implemented in the same way as surface 

sand filters, with organic filtering media used in place of sand.  The primary benefit of 

using this form of filter is that “organic filters achieve higher pollutant removal for metals 

and hydrocarbons due to the increased cation exchange capacity of the organic media” 

(Schueler 175).  What this means is that organic materials attract metals and 

hydrocarbons (which are inherently positively-charged ions, or cations) better than sand.  

With that said, should a site be recognized as having a high concentration of such 

materials in its runoff, the use of an organic media filter should be considered as an 

alternative to that of a sand filter. 

Stormwater Planters/Tree Box Filters 

In contrast to the filtration methods described 

above, stormwater planters, or tree box filters, 

provide an aesthetic amenity as well as perform water 

Figure 24: Stormwater Planter 
(www.archtecturelab.net) 
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quality enhancement functions (Fig. 25).  Basically, this method of filtration (or 

infiltration/bioretention, if applicable) utilize otherwise overlooked spaces in an effort to 

slow, treat, and convey runoff.  Many sites, such as sidewalks or building foundation 

perimeters, commonly contain landscaped elements; oftentimes, these elements are 

bordered and closed off to the inflow of runoff by curbs.  By providing the means for 

runoff to enter these areas (by the elimination or ‘cutting’ of curbs), it is provided the 

opportunity to pond, settle, be cleaned, and slowly conveyed off-site. 

Stormwater planters are designed similarly to bioretention cells.  Similarities 

between their primary environmental impacts exist, as well.  The main difference 

between each is scale; stormwater planters/tree box filters are typically much smaller than 

the closely-related bioretention cell.  “Working at a small scale allows volume and water 

quality control to be tailored to specific site characteristics.  Pollutants vary across land 

uses and from site to site, therefore the ability to customize stormwater management 

techniques using tree box filters has a considerable advantage over conventional 

management methods” (LID Center).  The flexibility of use of stormwater planters, 

especially when used as a filtration technique in close proximity to buildings, accounts 

for its unique value.   

 

Detention 

Detention methods are used to intercept runoff for a determined period of time, 

allowing for a gradual release of the collected runoff into a subsequent system.  This 

system may provide means of storage, treatment, infiltration, and/or conveyance in the 

case of ESM, or direct discharge into receiving waters in the case of SSM.  Regardless, 
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the capture and slow release of runoff through the use of detention provides benefits 

beyond that of a wholly closed system. 

The detention of runoff may be achieved through the design of a variety of forms, 

limited only by the capacity of a site to capture and hold runoff.  In addition to its use as a 

means by which the conveyance of runoff may be slowed, detention may cater to its use 

as well.  For example, irrigation could be supplemented by runoff captured in a storage 

tank.   

Detention methods do little to provide water quality benefits; their use for the 

benefit of water quantity is considered mainly in the reduction of peak discharge, 

decreasing downstream flooding and providing channel protection (Drinan and Spellman 

200).  Furthermore, the use of detention as means of providing groundwater recharge 

adds to its list of benefits in cases where infiltration is feasible.  Described below are 

some of the methods used in achieving these benefits. 

Extended Detention 

An extended detention (ED) 

basin is used to detain surface runoff 

for a determined period following 

individual rain events (Fig. 26).  

Stormwater runoff fills the basin 

during a rain event through an inlet 

located high on its bank.  An 

undersized outlet, located at the bottom of the opposite end of the basin, “restricts 

stormwater flow so it backs up and is stored within a pond or wetland”; this outlet 

        Figure 25: ED Basin Diagram (Urban Subwatershed  
        Restoration Manual) 
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eventually drains the runoff (Schueler 159).  Drainage should be relatively slow to allow 

for adequate settling of pollutants and sediment.  In order to achieve maximum 

effectiveness, Stahre and Urbonas recommend that the basin volume be “somewhat larger 

than the average runoff event” and that the outlet should “drain the full basin volume in 

no less than 40 hours” (363).  Furthermore, the recreational and/or aesthetic use of this 

ESM method should be explored; the addition of features supporting these uses enhances 

its acceptance and multi-use possibilities. 

Extended detention basins are commonly found adjacent to large expanses of 

impervious surface so that the runoff from these surfaces may be restricted from 

immediate stream entry.  In addition, ED should rarely be used as a standalone method: 

“extended detention is normally combined with other stormwater treatment options such 

as wet ponds and constructed wetlands to enhance retrofit performance and appearance” 

(Schueler 159).  The greatest environmental impact of extended detention is its potential 

to reduce peak volumes imposed upon receiving streams.  

Rain Barrels 

Rain barrels are containers used to capture roof runoff 

(Fig. 27).  They are easily maintained and adaptable to a 

variety of sites and applications, including residential, 

commercial, or industrial settings.  A typical rain barrel 

design includes a hole at the top to allow for flow from a 

downspout, a sealed lid, an overflow pipe and a spigot near 

the bottom of the barrel (LID Center).   Figure 26: Rain Barrel (B. Krieg)
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Consideration of factors typically of concern when designing an ESM system, 

such as space, soils, slopes, and maintenance, are of little concern when using a rain 

barrel.  All that is needed in regards to design is adequate space for a small barrel beneath 

a downspout.  Detained water need not discharge in immediate proximity to the barrel; 

the use of a hose leading away from its spigot will allow for controlled release.   

Although the environmental impacts of the use of a single rain barrel are small in 

relation to an entire watershed, widespread implementation may contribute to a collective 

impact of measurable proportions.  By diverting roof runoff from an SSM system, its use 

contributes to a significant disconnection of impervious surfaces.  This results in a 

decreased volume of surface runoff that would otherwise be added to a site’s stormwater 

management system.  When using a rain barrel for purposes of detention, runoff may be 

allowed to infiltrate soils, contributing to groundwater recharge.  When the barrel is 

filled, collected runoff may be used for a variety of purposes (i.e. garden watering), 

contributing to resource conservation. 

Cisterns 

Similar to rain barrels, cisterns are containers 

used to detain runoff (Fig. 28).  Whereas rain barrels 

are relatively small in size and are always located 

above ground, cisterns are typically much larger and 

are at times located underground.  Runoff may be 

received from rooftops or ground-level impervious 

surfaces; runoff captured by cisterns is typically done so for the purpose of reuse as water 

supply (LID Center).  However, one should reuse runoff collected only from appropriate 

Figure 27: Cistern (www.lakecountyil.gov) 



 42

surfaces: “Roofing materials for rainwater collection should be metal, clay, or concrete-

based, as asphalt and lead-containing materials will contaminate the collected rainwater” 

(Hopper, ed. 62). 

The design and locating of cisterns may need to be better planned, as their size is 

typically much greater than that of rain barrels.  Space considerations, depth to the water 

table, and distance to septic tanks should be taken into consideration (LID Center).     

The benefits of the use of cisterns are identical to those of rain barrels, as 

described above.  “By storing and diverting runoff from impervious areas such as roofs, 

these devices reduce the undesirable impacts of runoff  that would otherwise flow swiftly 

into receiving waters and contribute to flooding and erosion problems” (LID Center).  

Cisterns are used in the design of this project for the purpose of detention and reuse; in 

one instance, roof runoff is captured and slowly released into a dry swale, while in 

another case runoff is infiltrated through permeable paving, collected underground and 

pumped to an irrigation system. 

 

Retention 

Retention methods are used so that a determined volume of runoff may be 

captured and retained in a permanent pool until displaced by additional runoff.  This 

permanent pool accounts for the physical difference between detention and retention.  As 

runoff is collected in a detention facility, it is steadily drained.  In the case of retention, 

however, runoff remains within the facility until removed through the process of 

displacement.  The fact that this runoff is allowed to remain within the facility accounts 

for the difference in environmental impacts between detention and retention.  Sediment 
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suspended in water within a permanent pool is far more apt to settle than that of water 

that is never given the chance to remain still.  In addition, “by retaining a permanent pool 

of water, retention systems can benefit from the added biological and biochemical 

pollutant removal mechanisms provided by aquatic plants and microorganisms, 

mimicking a natural pond or lake ecosystem” (Drinan and Spellman 202). 

Wet Ponds 

A wet pond is a permanent pool of water that bears the capacity to hold additional 

runoff from an individual rain event (Fig. 29).  Rather than placing an outlet at the bottom 

of the basin (as is the case in 

extended detention), the structure 

is designed so that only water 

exceeding the maximum 

permanent volume is drained from 

the pool—water is retained rather 

than detained.  Runoff from each 

individual rain event to enters the 

pond and partially displaces pool water from previous storms into a low-flow outlet 

located at the far end of the pond, “promot[ing] a better environment for gravitational 

settling, biological uptake and microbial activity” (Schueler 163).  Sufficient volume 

capacity must be provided so that these actions may take place, while sufficient depth 

must be accounted for so that the sediment is not re-suspended.  A baffle is recommended 

at the wet pond’s outlet to disperse any jets of flow that may not have diffused on initial 

entrance to the pond, as is a 10-20’ wide shallow bench.  The bench provides safety and 

        Figure 28: Wet Pond Diagram (Urban Subwatershed  
        Restoration Manual) 
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encourages the development of bottom vegetation for bank stabilization (Stahre and 

Urbonas 375).   

The pollutant removal rates for a wet pond as a stand-alone method are higher 

than many others; the overall volume of runoff captured in a wet pond will allow for 

higher rates of sediment settling due to its high residence time.  However, when pollutant 

removal is of lesser concern than channel protection, the use of wet ponds in conjunction 

with other methods (i.e. ED or wetlands) may be of benefit.  In the case of this project, 

wet ponds are used as the forebay to each of the site’s constructed wetlands, providing 

the means for both pretreatment and a reduction in velocity.   

Constructed Wetlands 

Constructed wetlands are implemented to retain surface runoff for the purpose of 

treatment (Fig. 30).  Near-zero grades and elongated, irregular shape allow for the 

slowest possible conveyance of stormwater throughout the wetland in order to achieve 

“optimized contact of the inflow with 

the wetland basin surface” (Stahre and 

Urbonas 386).  Stormwater enters the 

wetland through an inlet, flows slowly 

throughout, and is released via an 

outlet.  When entering the wetland, 

stormwater first passes through a 

forebay, ED basin, or wet pond; this 

pool is deeper than the wetland itself, and allows flows to be slowed and sediment to 

settle.  The forebay should have a holding capacity of a minimum 10% total wetland 

Figure 29: Constructed Wetland Diagram (Urban Subwatershed 
Restoration Manual) 
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volume, and should be easily accessed by machinery so that accumulated sediment may 

be removed.  A baffle, located at the forebay’s outlet, evenly disperses flows as water 

moves through to the basin.   

After passing through the baffle, water is stored first in a permanent pool, and 

then above the wetland’s dry weather surface as a surcharge.  Several types of these 

surfaces may be constructed, including “a shallow ponding area, a mangrove swamp, a 

reed bed on top of a nearly saturated soil layer, a cattail marsh, [or] a peat bog” (Stahre 

and Urbonas 382).  The surcharge depth above these surfaces should work in concert 

with the surface area of the wetland in relation to the desired emptying time.  However, 

depth should be kept at a minimum, as shallow depths, in addition to low flow velocity 

and vegetation, regulate water flow.  In addition, a diverse microtopography and proper 

growing medium provide the requirements necessary 

to support the emergent vegetation necessary for the 

pollutant and sediment removing functions of the 

wetland, as well as prevent preferred flow routes.  

These emergent plant species will also benefit from 

wide, gentle side slopes, which in turn create a natural 

wetland appearance.   

The final stage of flow within the constructed 

wetland is through its micropool and outlet.  The 

micropool, slightly deeper than the wetland basin, 

allows water to be cooled before it is discharged.  Discharge is regulated by the outlet in 

an effort to maintain the desired water level in the wetland.  Water levels are imperative 

Figure 30: Urban Constructed Wetland 
(www.sitelines.org) 

Figure 31: Rural Constructed Wetland 
(dep.state.pa.us) 
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to the success of the wetland according to its specific design: “…the wetland surface area 

must be kept wet during extended periods of no precipitation…a wetland needs sufficient 

base flow to sustain itself as a wetland” (Stahre and Urbonas 386).  The outlet may utilize 

a pipe or weir to assist in the maintenance of water levels, but the overall volume 

capacity of the wetland itself in relation to the average inflow of water acts as the primary 

maintenance agent.  Micropools and gabion weirs have been used in the project’s design 

at the terminus of each constructed wetland and wet swale.   

The primary benefits of constructed wetlands are the filtering and settling of 

pollutants and suspended solids.  “Constructed wetlands utilize a range of physical, 

chemical, microbial and biological mechanisms to remove pollutants. Wetland vegetation 

and sediments provide a growth media for microbes and filter and settle pollutants 

attached to sediments” (Schueler 169).  While the removal of certain nutrients (i.e. 

nitrogen and phosphorous) is not effective through the process of constructed wetlands, 

success has been noted in their removal of most metals (Stahre and Urbonas 385).  

Suspended solids are effectively removed, due largely to prolonged conveyance, 

detention, and emptying times.     

In addition to the environmental benefits of constructed wetlands is their value as 

an amenity.  Wetlands offer aesthetic improvements through increased vegetation and 

natural appearance (Fig. 31-32).  The potential for the wetland to serve as a wildlife 

habitat is high, as both vegetation and water (both necessary for the existence of wildlife) 

are inherent in its design and function.  Furthermore, the functions of a constructed 

wetland may be revealed through design, increasing its value to the observer.  The 
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employment of constructed wetlands is instrumental in achieving the project’s goals; 

their use is immediately recognizable in the site design. 

 

Vegetation Used in ESM 

It is important to use native vegetation that is appropriate to the site’s ecoregion, 

soils, climate and water availability in the design of any site, especially in the case of 

ESM system design.  The likelihood of vegetation survival, an increase in native wildlife 

habitat, and reduction of water, fertilizer, and pesticide input each contribute to the 

benefits of native and adapted vegetation.  In addition, native plants tend to have deeper 

root systems that contribute to the opening of pore spaces within sub-surface soils; these 

spaces provide additional water storage capacity (Hopper, ed. 62). 

Plant lists used for each ESM method are expansive and diverse, and should be 

assembled according to the criteria listed above.  In addition to the importance of plant 

adaptability, however, is the desired function of the plant itself.  As particular ESM 

methods are implemented to carry out specific duties (i.e. constructed wetlands used for 

metals removal), the vegetation used within each method should correlate with the 

desired function.  



 

 
 
 
Chapter 4:  The Call for ESM in Fort Wayne 
 
 
 

Several factors contribute to the need for change in Fort Wayne’s current stormwater 

infrastructure.  The impacts of the system are felt on a variety of scales, from the 

individual citizen to the entire watershed and region.  Several groups and individuals 

declare the need for change; some command change while others work to promote it.  

The following pages describe the implications of Fort Wayne’s current system and the 

actions being taken to discourage its continued use. 

 

Geographic Relationships 

As a city, Fort Wayne represents the headwaters of the Maumee River, and 

therefore, the Maumee Watershed (Fig. 33).  The river winds across Indiana and Ohio for 

135 stream miles, fed by fallen 

precipitation within its 4.2 million 

acre watershed (www.acwater.org).  

The Maumee River has the largest 

drainage of any river in the Great 

Lakes; this is especially pertinent 

regarding the fact that the Great 

Lakes provide 90% of the United Figure 32: Maumee Watershed Map (www.joycefdn.org) 



 49

States freshwater supply.   

Described below are the environmental problems associated with the widespread 

implementation of CSOs and with those of Fort Wayne’s current stormwater 

management system.  These problems are imposed directly upon the entire Maumee 

Watershed, as Fort Wayne is found at the headwaters of its main tributary.  In terms of 

drainage, the Maumee Watershed as a whole contributes more than that of any other 

within the Great Lakes; therefore, Fort Wayne serves as the identifiable origin from 

which much of this drainage and its concurrent environmental problems are found. 

 

Nationwide CSO Dilemma 

According to the United States Environmental Protection Agency, CSOs “are a 

major water pollution concern for the approximately 772 cities in the U.S. that have 

combined sewer systems” (www.cfpub.epa.gov).  These sewer overflows, as stated 

within the City of Fort Wayne’s Sewage Overflow Reduction and Long Term Control 

Plan Executive Summary, “contain untreated human and industrial wastes, toxic materials 

such as oil and pesticides, and floating debris that may have washed into the sewer 

system.  These pollutants can affect your health… [and] also damage the environment for 

fish, shellfish and other aquatic life” (2).  The reason for the initial implementation of 

these systems lies within the development of urban areas and their inherent impervious 

nature—runoff had to be dealt with in order to withhold the integrity of our built 

environments.  However, now that we have begun to witness the affects these systems 

have upon the natural environment, the realization of a need for system change has 

become evident.   
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In 1994, the U.S. EPA (along with several concerned governmental and 

environmental groups) published the Combined Sewer Overflow Control Policy as part of 

the National Pollutant Discharge Elimination System (NPDES).  The CSO Policy was 

created to provide a framework by which communities with CSOs may reach the required 

goals of water pollution control as established under the Clean Water Act of 1972 

through the implementation of “minimum technology-based controls” 

(www.cfpub.epa.gov).  In addition to the minimum control measures, CSO communities 

are also required to develop “long-term CSO control plans that will ultimately provide for 

full compliance with the Clean Water Act, including attainment of water quality 

standards” under mandate of the EPA (www.cfpub.epa.gov).   

 

EPA Mandate/Consent Decree 

As a CSO community, Fort Wayne has been required to develop a long-term CSO 

control plan.  In December 2007, the Sewage Overflow Reduction and Long Term 

Control Plan was completed as part of the city’s consent decree to the EPA.  According 

to the Executive Summary of the plan, a year with average rainfall yields the release of 

“more than 1 billion gallons of raw sewage and untreated stormwater into our 

waterways…local waterways violate water quality standards for E. coli bacteria 

approximately 85 days per year, on average” (2).  Forty-four outfalls along seven affected 

waterways exist in Allen County, contributing to this degradation in water quality (Fig. 

43).   

In order to meet requirements and combat the effects of the CSOs, Fort Wayne 

issued the consent decree and CSO control plan, explaining its goals of increased storage 
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and treatment of sewage during wet weather.  Over the next 18 years, large interceptor 

sewers that will divert sewage flow into new CSO ponds will be constructed, with 

additional treatment provided at one new location.  A total of 15 major projects have been 

established for phased implementation within this process, each working in concert to 

reduce overflow activations from 71 times per year to an estimated 4 times per year 

(Sewage Overflow Reduction and Long Term Control Plan Executive Summary 11).   

This plan, effective as it may be in meeting established requirements and 

improvements, is an extension of the SSM methods used in the past.  It is the use of these 

methods that have resulted in the problems that Fort Wayne and 771 other cities face 

today.  It is from this point that an alternative to SSM should be sought and acted upon. 

 

A Call for Change 

Change is being actively worked for within the community.  Several organizations 

and concerned individuals devote time, energy, and resources to this pursuit.  For 

example, according to its mission statement, the Save Maumee Grassroots Organization 

“is dedicated to raising awareness about the conditions of the three rivers…while 

facilitating ecosystem restoration projects.”  Current projects include community 

outreach, annual Earth Day events, and a Canoe Clean-Up event. 

The Allen County Partnership for Water Quality (ACPWQ) focuses upon water 

resource education within the community.  Educational material is made available 

regarding stormwater pollution, combined sewer overflow, drinking water and watershed 

issues.  In addition, the ACPWQ’s ‘Project WET’ is a series of workshops for educators 



 52

in and around the county.  Each of these resources contributes to a raised awareness of 

water quality. 

In addition to Fort Wayne’s consent decree, plans for independent State 

Supplemental Environmental Projects (SEPs) have also been established.  Although these 

plans have yet to be implemented, their intent should be noted.  The first of these plans is 

to eliminate failed or failing septic systems located within the city’s service area.  

Elimination of such systems will presumably result in a reduction in groundwater 

contamination.  The second SEP is the establishment of a rain garden demonstration and 

incentive program.  It is the intent of the city to offer a financial incentive to home and 

business owners to install rain gardens on their property, with the overall goal of 1000 

gardens.  It is proposed that the attainment of this goal would significantly reduce runoff 

and provide educational opportunities. 

In October 2007, an Executive Report was completed in regards to the possible 

creation of a Green Technology Center in Ft. Wayne that “would serve northeast Indiana 

in an effort to promote awareness and accelerate adoption of energy savings and 

sustainable techniques/practices throughout the region’s residents and businesses” 

(Morrison Kattman Menze 37).  The Center could serve as not only a catalyst for 

sustainable techniques and practices (including ESM), but as a local and regional 

attraction.  Two charrettes were attended by several interested community and 

organizational members; some resultant recommendations included the use of a 

brownfield site, cleaning water from local streams, renovation of an existing structure in 

an effort to illustrate the possibilities of energy-efficient retrofits, and the creation of a 

‘living lab’ that would demonstrate ESM practices (Morrison Kattman Menze 33-34). 
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It is the mission of these organizations and projects to reach the goals of improved 

water quality.  These goals may be attained through direct action or education.  Similarly, 

the completion of this project will offer the means by which water quality improvements 

may be made. 

The remaining sections of this project illustrate the formation of a plan by which 

the effects of imperviousness and standard stormwater management may be offset.  The 

use of ecological stormwater management methods are used on a specific site so that the 

negative environmental impacts imposed upon Fort Wayne’s waterways may be reduced.  

This carries the possibility of not only local significance, but of regional significance as 

well, as the downstream effects of plan implementation would likely be witnessed 

throughout the entire Maumee Watershed and Great Lakes region.



 

   

 
Chapter 5:  Site Selection 
 
 
 

When designing an ecological stormwater management system, several factors 

must be taken into consideration.  In order to achieve the goals of creating a stormwater 

district and increase the value of the site through its creation, visibility and accessibility 

were considered as necessary characteristics in site selection.  Equal consideration was 

given to the site’s potential to intercept and treat runoff.  A number of sites were 

considered for the project; however, the potential sale of a large portion of the selected 

site (described below in the Land Use section) was discovered while the author worked 

for the Fort Wayne Parks and Recreation Department.  Conversations were held 

regarding its use as a constructed wetland (as an effort to fulfill the responsibilities of the 

city’s Consent Decree to the EPA).  This consideration falls in line with the 

recommendations found in the National Research Council’s Urban Stormwater Report: 

“publicly owned, consolidated stormwater control measures should be strongly 

considered as there may be insufficient land to have small, on-site systems…the types of 

stormwater control measures that are used in consolidated facilities- particularly 

detention basins, wet/dry ponds, and stormwater wetlands- perform multiple functions, 

such as prevention of stream bank erosion, flood control, and large-scale habitat 

provision” (National Research Council S-17).  The site met the above criteria, and after 
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the exploration of its additional opportunities, a decision was made to move forward with 

an in-depth inventory. 

An inventory of the site’s context, topography, surface hydrology, flood 

information, hydrogeology, pollutant sources, land use, imperviousness, transportation 

networks, infrastructure, and history was conducted.  An analysis of this collected 

information has presented the site’s inherent design opportunities and constraints, which 

in turn provided the framework upon which the design was constructed.   

 

Inventory 

Context 

Located near the edge of the west-central city limits and totaling 132 acres, the 

project site represents .25% of total land coverage within Ft. Wayne (Fig. 34).  It is 

located 3 miles west of I-69 along US 24/W. Jefferson Blvd.  The most direct route by 

which one may reach the site from the interstate is from the west via SR 14/Illinois Road.   

Within close proximity are several city parks, many of which are connected to the 

site via the city’s greenway trail system.  The current trail system is 20 miles in length, 

with planned extensions of over 30+ miles (including a ‘Towpath Trail’ that will follow 

the path of the historic Wabash-Erie Canal, discussed below in the History section).  This 

20-mile trail system follows the three major waterways found within Ft. Wayne: the St. 

Mary’s, St. Joseph, and Maumee Rivers.  The St. Mary’s and St. Joseph’s Rivers form 

the headwaters of the Maumee approximately 2 miles northeast of the project site, just 

north of the downtown district.  In addition to the site’s proximity to these major 

waterways is its direct relationship with Junk Ditch.  Bisecting land previously taking the 
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form of a highland swamp, the present-day ditch exists as a constructed natural-bottom 

channel, serving the drainage needs of cultivated farmland and the built urban landscape.  

The ditch flows from the southwest for approximately 4 miles before emptying into the 

St. Mary’s River in Swinney Park.  

The site’s close proximity to the downtown area, high visibility, and excellent 

accessibility to both vehicular and pedestrian travel offers the opportunity to serve as an 

effective gateway to the city from the west.  This gateway landmark may serve as a 

destination along the park-connecting greenway trail system for walkers and bicyclists or 

as an ecologically-functional green entry for a visitor of the city.  However, the fact that 

West Jefferson Blvd. is travelled at a relatively high rate of speed through this corridor 

may deter those travelling by car from witnessing the processes of the park.   

Figure 33: Context Inventory Map 
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These relationships between site, roadways, parks, trails, and rivers create a 

dynamic opportunity for development.  A closer look at the particularities of the site, 

found within the following pages, presents a more comprehensive view of these 

opportunities. 

 

Topography 

The topography of the site varies slightly from flat to gently rolling (Fig. 35).  

Junk Ditch and the St. Mary’s River occupy the lowest elevation (746’), while the site’s 

highest elevation (770’) may be found at its northern boundary.  A mere 6 foot elevation 

change exists in the area of the site south of Junk Ditch.  Similarly, the majority of the 

residential area northwest of the ditch rises only 6 to 8 feet.  These areas have an average 

slope ranging from 1.5% to less than .5%.  Moving directly north of the ditch along 

Leesburg Road, however, one may find an atypical, steady rise.  In 1100 feet, a vertical 

change of thirty-five feet occurs, resulting in an average 2-3% slope.  Within some areas 

of the residential neighborhoods in the northern portion of the site, a 4-6% slope may be 

found falling away from the northern high point. The remaining residential area along 

Main Street (east of Leesburg Road) averages a .5-3% slope.  Along the western 

boundary of the site is Lindenwood Cemetery, its rolling topography generally falls to the 

west towards a small stream with an average slope of 6-8%.   Ridges are typically found 

within the site along roads and railway easements.  The locating of these ridges and their 

complementary valleys begins to allow for the identification of surface water flow and 

the location of sub-basins. 
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Surface Hydrology 

The lowest elevation found within the site runs linearly along Junk Ditch and the 

St. Mary’s River, while the highest elevation is found at the northern boundary.  These 

points, in addition to the site’s several ridges and valleys, determine the flow of water 

across the surface of the site.  Fig. 35 illustrates the location of surface drainage zones as 

they relate to these points, features, and surface flows.  As illustrated, four surface 

drainage zones exist within the site; the outer borders of these zones make up the 

boundary of this project, and will be considered in the design of an ecological storm 

water management system. 

The area south of Junk Ditch and west of the ridge along the inactive rail line 

(approximately 42.5 acres, labeled as Drainage Zone 1) drains from US 24 

north/northwest towards the ditch.  An open space found directly south of Junk Ditch 

offers a potential treatment/storage destination for this runoff.  The area northwest of 

Junk Ditch along Main Street (west of Leesburg Road, approximately 35 acres, labeled as 

Drainage Zone 2) drains south/southeast towards the ditch.  An open space found directly 

north of Junk Ditch (south of the Main Street/Leesburg Road intersection) offers a 

potential treatment/storage destination for this runoff.  The zone northeast of Junk Ditch 

and east of Leesburg Road (approximately 48.5 acres, labeled as Drainage Zone 3) drains 

first to the east/southeast, and then gradually south towards Junk Ditch and the St. Mary’s 

River.  An empty lot found on the south side of Main Street in the zone’s southern tip  
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offers a potential treatment/storage destination for this runoff.  Finally, the area south of 

Junk Ditch and east of the inactive rail line (approximately 6.1 acres, labeled as Drainage 

Figure 34: Surface Hydrology Inventory Map 
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Zone 4) drains north towards the ditch.  The empty lot and open spaces mentioned above 

are further described below in the study’s Land Use section.  

At present, impervious surface covers approximately 68.2 acres (51.6% total 

acreage) within the site (described further in Surface Conditions, illustrated in Fig. 41).  

The majority of the site’s surface runoff (which flows across this impervious surface) is 

guided towards catch basins and drain inlets, and subsequently towards a water treatment 

facility.  In the case of rain events creating volumes exceeding the capacity of these 

facilities, this surface runoff is guided directly into the city’s rivers via the several 

existing outfalls.  As a result of the present conveyance of surface runoff, little is allowed 

to infiltrate the site’s pervious surfaces, contributing to the adverse effects of such 

practices as described earlier in this study.  

The surface runoff of the areas located outside of the drainage zones is conveyed 

in a manner consistent with the above description.  A portion of this runoff may be 

redirected towards the storm water system designed for this project; this would further 

decrease the environmental impacts of overall volumes on the current storm water 

system.  A more detailed description of this possibility may be found below in the study’s 

Storm Water Infrastructure section. 

The four surface drainage zones identified within the site all drain towards a 

relatively central point; this provides the opportunity for design that may highlight this 

point as the destination of all treated runoff.  However, much of the site that drains 

directly to the runoff destination has a slope of .5-1.5%.  Therefore, conveyance becomes 

somewhat difficult in that the minimum slope for open channels is .5%, while drainage 
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swales must have at least 1% slope (Ft. Wayne Development Standards Criteria Manual 

II-3-19).  

 

Flood Information 

The location of the project site carries with it an inherent constraint: flooding.  

Proximity to both Junk Ditch and the St. Mary’s River make the area vulnerable to rising 

waters.  Of the site’s 132 acres, 47 are found within the floodway (Fig. 36).  As 

illustrated, Drainage Zone 4 is the only portion of the project site that falls in the 

floodplain, which lies to the east/southeast.  According to the City of Ft. Wayne’s 

website, a floodplain is “the area adjoining a river or stream that has been or may be 

covered by floodwater. Basically, this is where the water will go naturally.”  A floodway 

is described as “the channel of a river or stream and the parts of the floodplain adjoining 

the channel that are reasonably required to efficiently carry and discharge the flood water 

or flood flow of a river or stream.”  Basically, the area within the site that falls in the 

floodway and is at or below the same elevation of the floodplain (nearly all of Drainage 

Zone 1, a small portion of Zone 2, and all of Zone 4) is prone to flooding.   

According to FEMA, the 100 yr. base flood elevation for the area is 758’.  It is 

required that all new buildings constructed within the floodway have an FFE of at least 2’ 

above this level.  The southern end of Drainage Zone 1 lies between 756’ and 760’, while 

the northern end drops to 750’.  Therefore, it may be said that the best choice for locating 

new development within this zone be at its southern end.  
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The site is basically divided into two halves by flooding potential.  The fact that 

the site is prone to flooding is an obvious constraint—any new development must be built 

with this possibility in mind. 

Figure 35: Flood Information Inventory (adapted from 
http://maps.cityoffortwayne.org) 



 63

Hydrogeology 

Three distinct hydrogeologic zones exist within the site. A shallow water table, 

high to moderate aquifer contamination sensitivity, silt/sand/gravel soils, and strong 

upward hydraulic gradients generally typify these zones, with variations present among 

each.  The following paragraphs describe these variations and the implications of each 

more closely, while Fig. 37 illustrates their locations. 

Hydrogeologic Zone A may be described as a mixed area characterized by broad,  

flat wetlands and a nearly flat water table.  The water table within this zone is very 

shallow, resulting in high contamination sensitivity.  (Note: contamination sensitivity 

implies that the possibility for contamination exists only when introduced to the water 

table or aquifer, not to be mistaken for vulnerability, which implies likely contamination.)  

Nearly 35 feet of a sand and silt mix lie atop a stripped surface.  As noted above, this area 

was at one time a natural wetland, but has since been cut and filled with more stable soils 

for the purpose of development.  The outcome is a typically mucky mix of underlying 

soil, due partially to the zone’s poor drainage and further to the discharge of groundwater 

from deeper sand and gravel aquifers into the zone’s surficial sediments (Fleming, plate 

7).  The entire area of Drainage Zones 1 and 4, along with the southwestern third of 

Drainage Zone 2 lie within Hydrogeologic Zone A, and all design decisions therein must 

take into account its properties. 

Hydrogeologic Zone B may be described as an intermediate area, containing 20-

100 feet of glacial till and fine-grained confining units above sand and gravel aquifers 

(Fleming, plate 7).  Due to this relatively deeper till and higher elevation, the water table 

is significantly lower; resulting in lower contamination sensitivity than that of the site’s  
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other hydrogeologic zones.  Some of the soil content of this zone is made up of sand and 

gravel (within a channel towards the northern end of the site), allowing for moderate 

drainage.  Despite this drainage characteristic and the zone’s downward hydraulic 

Figure 36: Hydrogeology Inventory Map (adapted from 
The Hydrogeology of Allen County, Indiana) 
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gradients, aquifer recharge is unlikely (Fleming, plate 7).  A very small portion of the 

northern end of Drainage Zone 2 and the northwestern third of Drainage Zone 3 fall 

within Hydrogeologic Zone A. 

Similar to the previous zones’ descriptions, Hydrogeologic Zone C is 

characterized by a very shallow water table, found commonly within a few feet of the 

surface.  In contrast, however, is the abundant mix of sand and gravel (up to 60 feet thick) 

sitting upon a single, thick aquifer (Fleming, plate 7).  The high infiltration rate of this 

mix results in both a potentially high rate of recharge and sensitivity to aquifer and water 

table contamination.  As moderate to strong upward hydraulic gradients exist within Zone 

C, groundwater from the bedrock aquifer generally discharges to surface water.  This 

implies poor overall drainage, despite the high infiltration rates.  As noted by Fleming, 

“an important point from a water quality standpoint is that there may be a considerable 

interchange between surface water and shallow groundwater” (54).  This is the case 

throughout the entire site to some degree, but especially so within Zone C.  Much of the 

northeastern half of Drainage Zone 2 and the southern tip of Drainage Zone 3 fall within 

Zone C, and therefore, the design decisions within these areas must be carried out with 

care. Some northern areas of the site may be well suited for infiltration; this fits with the 

single-family residential land use well, in that roof runoff may be allowed to move across 

and into lawn areas.  Some ecological storm water management methods (i.e. constructed 

wetlands) will likely require the use of some type of liner in an effort to separate ground 

water and treated storm water and to avoid contamination.  Further sources of possible 

contamination have been noted below in the Water Contamination section, and methods 
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by which to deal with these areas will be determined and illustrated through the design of 

the storm water management system within their respective areas. 

The typical conditions found throughout the site (shallow water table, aquifer 

contamination sensitivity, soil conditions, and upward hydraulic gradients) limit one of 

the main goals of ESM: infiltration.  However, this constraint can easily be viewed as an 

opportunity in that alternative means by which to dispose of stormwater runoff while 

concurrently improving upon the negative environmental impacts of SSM may be 

designed for.   

 

Water Contamination 

Generally low levels of pollutants have been detected from stream samples taken 

nearby the site (Table 1).  Nonetheless, 

they are present, and their possible 

sources will be addressed through the 

proposed storm water management 

system.  The obvious applicable 

sources of runoff pollutants in relation 

to the project site are urban runoff (i.e. 

automobile fluids), snowmelt, CSOs, 

domestic animals, herbicides, and 

industrial discharges.  These sources 

are not necessarily place specific, but are widely dispersed with varying degrees of 

concentration.  For example, streets, alleys, and parking lots are found within any urban 

Table 1: Junk Ditch Pollutant Levels (Allen Co. Partnership for 
Water Quality) 
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area, and automobile fluids will mix with runoff throughout.  However, the locations of 

highly concentrated areas of possible point source pollution can be identified.  The 

following paragraphs describe in further detail the location of these sources within the 

site.   

Of possible concern for water contamination within the site is the Ward Pattern, 

Engraving, and Aluminum Casting factory found on the eastern side of Drainage Zone 3 

in the historic Thieme Bros. Knitting Mills-Wayne Knitting Mills (described below in the 

Historical Landscapes and Structures section).  Runoff flows off of the rooftops, across 

the factory site’s lots and drives, and into the street where it is intercepted by the curb and 

gutter drainage system.  There is little reason to believe that contamination causing 

pollutants are present, only that the possibility exists.   

Similar to the site described above is that of Goff’s Welding Shop, found in 

Drainage Zone 4.  Located in the historic Kraus & Apfelbaun-Indiana Feed & Seed 

Company building at the corner of Main and Edgerton Streets (described below in the 

Historical Landscapes and Structures section), the waste materials from the shop are 

seemingly piled and randomly dispersed on the ground behind the building.  These waste 

materials may contribute to an increase in runoff pollution similar to those described in 

the preceding paragraph.  Should this particular site be considered as a redevelopment 

opportunity for the purpose of this project, however, it is likely that these materials will 

not be considered as a pollution source. 

There is little reason to believe that any of the project area’s other industrial sites  

contribute to elevated levels of pollutants in runoff due to industrial processes, as their 

operations are all carried out inside of their respective buildings and their lots are used 
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primarily for parking and loading.  However, their roofs and lots do contribute largely to 

the overall imperviousness of the site, and should be dealt with responsibly through the 

use of ecological storm water management methods.  The same may be said for the site’s 

streets, alleys, sidewalks, and remaining roofs and lots, as well. 

In the samples taken from Junk Ditch, high levels of contamination have not been 

detected.  Also, few areas of concern for point-source pollution exist within the site 

boundary.  As these points imply little concern for chemical pollution, one must focus 

upon the negative effects of sedimentation and runoff volumes associated with 

imperviousness.  The use of particular methods by which to deal with these specific site-

based needs must be considered.  However, off-site contamination sources have not been 

defined; upstream pollution may be just as detrimental to water quality as the pollution 

found on-site, and must therefore also be considered. 

 

Land Use 

Several land uses exist within the site, including single family residential, 

commercial, industrial, institutional, and recreational, as illustrated in Fig. 38.  The 

following descriptions of land use within the site pertain directly to the surface drainage 

zones as described above in Surface Hydrology.   

The majority of land use within Drainage Zone 1 is commercial, occupying an 

approximate total 22 acres.  Of this area, 9.5 acres remain in active use.  At the time of 

this study, 23.7 acres of this area have been purchased by the Fort Wayne Redevelopment 

Commission; the future of this area is presently undetermined.  However, it has been  
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rumored that a 2.5 acre portion may be resold for commercial development, with the 

remaining 21.2 acres to be deeded to the Fort Wayne Parks and Recreation Department as 

an extension of Swinney Park (Fig. 39).  The northern end of this area offers the potential 

Figure 37: Land Use Inventory Map 
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for an ecological storm water treatment facility, possibly in the form of a storm water 

park.  The southern end of this area (adjacent to US 24) offers the opportunity for more 

intense use, possibly in the form of a mixed use development.   

A broad range of land uses exist in Drainage Zone 2.  Single family residential 

lots occupy approximately 1.6 acres, and are located in three small clusters.  Two 

commercial lots exist, occupying approximately .9 acres.  Two light industrial lots are 

found on the southeast side of Main Street, covering 9.1 acres.  A small institutionally 

based lot is found on the northwest corner of Main Street and Leesburg Road, occupying 

approximately 1.6 acres.  A small portion of Lindenwood Cemetery is found within 

Drainage Zone 2, occupying 7.1 acres.  A 5.6 acre extension of a portion of the open 

space described above in Zone 1 is found north of Junk Ditch, offering further 

opportunity for storm water treatment and/or storage.  However, a row of seven homes 

presently occupy lots directly adjacent to Main Street in this northern area of Drainage 

Zone 2; one may need to consider these homes in the site’s design.   

The majority of the entire site’s single family residential land use is concentrated 

in Drainage Zone 3; this area occupies approximately 21.3 acres.  The average density for 

this neighborhood is 7 units per acre.  Two commercial lots are found in Drainage Zone 

 3, covering 1.5 acres.  Industrial land use occupies much of the remaining area, 

occupying a total 11.8 acres between three lots.  A 3.2 acre empty lot can be found south 

of Main Street within the southern tip of Drainage Zone 3; this lot is buffered from Junk 

Ditch by an 8’ earth berm and may be a suitable location for storm water treatment and/or 

storage. 
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Light industrial/commercial land use may be found in Drainage Zone 4.  Only 6.1 

acres in area, the entire zone houses a single building which is partially used as a welding 

shop.  The remainder of the area is used as a stock/scrap yard for the business. 

Figure 38: Site Availability Map 
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The land uses of the areas surrounding the surface drainage zones are typically 

broken into large homogenous sites and neighborhoods.  For example, the entire area east 

of Drainage Zone 1 (south of Junk Ditch/north of US 24) is wholly occupied by Swinney 

Park.  The area south of the site (south of US 24) is occupied by heavy industry across 

three continuous lots.  The large area west/northwest of Drainage Zone 2 is occupied by 

Lindenwood Cemetery.  Directly north of the cemetery is the campus of the University of 

St. Francis.  Continuing clockwise around the site to the east, a large single family 

residential neighborhood is found.  Scattered throughout this neighborhood are some light 

industrial lots.  These, along with a few small commercial lots, serve as the buffer 

between the neighborhood to the north and the single family residential neighborhood 

found to the east/southeast of Drainage Zone 3 (north of Junk Ditch/St. Mary’s River). 

Missing from the above descriptions of land use within each of the three surface 

drainage zones are impervious surfaces.  These surfaces are characterized by roofs, 

parking lots, drives, sidewalks, and streets.  A portion of the above described land uses 

take into account a percentage of these surfaces in tallying total acreage; however, these 

totals are only estimates.  A more accurate description of total impervious surface is 

found below in the study’s Surface Conditions section.   

Large, homogenous units of land use exist throughout much of the site.  However, 

these units are diverse in nature.  This diversity offers the opportunity for the application 

of several ESM methods within the site design, including those fitted to differing building 

types, streets, lots, and open spaces. 
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Surface Conditions 

The two basic surface conditions to be discussed are pervious and impervious.  

Pervious surfaces are those which allow the infiltration of water into subsurface soils; 

these surfaces are typically covered with some form of vegetation or permeable medium.  

Lawns, ditches, and fields make up the majority of pervious surfaces throughout the site.  

In contrast, impervious surfaces do not allow the infiltration of water into subsurface 

soils.  This condition is typified by the covering of the ground surface with an 

impermeable layer, such as concrete or asphalt.  Roofs, parking lots, drives, sidewalks, 

and streets make up the majority of impervious surfaces throughout the site.  The 

following paragraphs describe the particular conditions of each zone; Fig. 41 illustrates 

the approximate impervious surface coverage throughout the site and within each zone.   

Of the total 42.5 acres that make up Drainage Zone 1, approximately 23.7 acres 

(55.8%) are impervious.  Surface parking lots and 

roofs of commercial buildings make up much of this 

area, with streets and drives making up the difference 

(Fig. 40).  Surface runoff from these areas is guided 

mainly towards catch basins, gutters, and inlets, and is 

quickly carried away through a network of underground pipes (as described in the 

Standard Storm Water Management and Storm Water Infrastructure sections).  

Drainage Zone 2, approximately 35 acres, is covered by 14.6 acres (41.7%) of 

impervious surface.  Again, much of this area is characterized by parking lots and roofs 

of commercial and light industrial buildings.  In contrast with Zone 1, much of the 

Figure 39: Impervious Surface, Drainage 
Zone 1 
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surface runoff from the light industrial buildings and lots within Zone 2 is directed to the 

southeast towards Junk Ditch.  A narrow strip of vegetation buffers the lots from the  

ditch, possibly allowing the water to be slowed and cleaned before reaching its 

destination.  The remaining surface runoff within Zone 2 is guided towards the closed 

system consistent with that of Zone 1.   

A total of 48.5 acres makes up Drainage Zone 3, with approximately 29.3 acres 

(60.4%) covered with impervious surface.  Approximately 50% of this surface is 

characterized by roofs of single family homes.  The owners of these homes are legally 

bound to disconnect gutters and downspouts from the closed system, so it may be 

assumed that the runoff from these roofs does not contribute to the closed system’s 

overall runoff volume.  This significantly reduces overall volume totals for Zone 3.  The 

remaining 50% of impervious surface within Zone 3 is characterized mainly by lots, roofs 

of industrial buildings, and streets.  This runoff is guided towards a closed storm water 

system via catch basins, gutters, and inlets. 

Drainage Zone 4, approximately 6.1 acres, has only .6 acres (9.8%) of impervious 

surface.  This surface is found on the rooftop of the zone’s single building.  No 

impervious paving is found within this zone.  It is believed that the runoff from the roof is 

guided directly into Junk Ditch. 

Of the site’s overall 132 acres, approximately 68.2 acres (51.6%) are impervious, 

with a remaining 63.9 acres classified as pervious (48.4%).  It has been determined that 

much of the surface runoff from impervious surfaces is guided towards a curb and gutter 

drainage system.  It may then be concluded that a percentage of the site’s total surface 

runoff proportionate to its impervious surface is carried off site through the means of 
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standard storm water management methods, contributing to the adverse environmental 

impacts inherently produced by these methods.  A reduction in impervious surface would 

Figure 40: Impervious Surface Inventory Map 
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decrease surface flow, runoff volumes, and velocity, and therefore decrease impacts of 

the SSM system.   

The large percentage of impervious surface throughout the site offers the 

opportunity for a substantial reduction in overall imperviousness and connection between 

surfaces.  However, disconnecting impervious surfaces may present some difficulty in 

that much of the site’s surfaces are streets, the primary means by which people are 

physically connected to their destinations.  Methods by which surface runoff may be 

conveyed off of these surfaces must be considered in the design.  

 

Transportation Network 

Several street classifications are found within the boundaries of the project site.  A 

highway, arterial neighborhood collectors, local service access streets, and alleys come 

together to make up the site’s vehicular transportation network, while sidewalks and trails 

supplement the transportation needs of the pedestrian (Fig. 42).  Two-way traffic is 

allowed on every street within the project site boundary.  Each street is surfaced with 

asphalt, with the exception of Davis Street (which is surfaced with brick pavers).  Speed 

limits do not exceed 35 mph, with the exception of US 24 (which has a posted speed limit 

of 40 mph).  One unnamed street bisects Drainage Zone 1; this street provides a direct 

connection between US 24 and Main Street.   

Fig. 42 illustrates US 24/West Jefferson Blvd., the single highway that intersects 

the site.  The highway consists of four vehicular lanes and a central turning lane (no 

median exists along this portion of the highway).  A buffer and sidewalk may be found 

on the northern side of US 24; this sidewalk coincidentally serves as part of the city’s 
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trail network, connecting the Rivergreenway with the Towpath Trail (currently in 

development).   

Figure 41: Transportation Inventory Map 



 78

Arterial neighborhood collectors vary throughout the site in both width and lane 

use.  For example, Runnion Avenue is a two-lane collector with northbound street 

parking and buffered sidewalks on either side of the street.  Similar is Main Street (east of 

Leesburg Road), with the addition of a central turning lane and street parking on both 

sides of the street.  Main Street (west of Leesburg Road) and Leesburg Road are two-lane 

collectors with no street parking; a buffered sidewalk exists on the west side of Leesburg, 

while alternating sidewalks can be found on either side of Main.   

Local service access streets make up the remainder of the site’s primary vehicular 

transportation network.  Street parking exists on each, with varying sidewalk conditions.  

Growth Avenue and Morrison Avenue each have a buffered sidewalk on either side of the 

street, as do Davis Street, Link Street, Bequette Street, and Mary Street.  Montclair 

Avenue, Orff Avenue, and Wheeler Street each have a buffered sidewalk on one side of 

the street.  Neither street parking nor sidewalks exist along Edgerton Street. 

Illustrated also is the network of alleys linking each of the above mentioned 

streets and avenues.  These alleys are typically made up of gravel and accommodate a 

single car width.  A unique linkage exists within the boundaries of Main Street, Davis 

Street, Mary Street, and Runnion Avenue.  Not a single access street intersects this block 

entirely; it seems that alleys are left to complete the connections.  It is suspected that the 

alleys in this area are subject to above average vehicular travel. 

The buffer zones that exist along most of the above mentioned streets offer the 

opportunity for the implementation of storm water swales in an effort to treat and slowly 

convey runoff.  The addition of curb cuts and/or pervious paving could also provide 

ecological storm water management opportunities.  Furthermore, portions of the center 
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turning lane along US 24 may be suitable for planted medians; these could be used to 

mitigate runoff volumes or increase the tree canopy.  In regards to the pedestrian 

transportation network, a possible trail extension could be implemented between the 

existing trail (found at the southern end of the project site) and that of the University of 

Saint Francis (just north of the project site).  This would provide a pedestrian connection 

between the university and its surrounding neighborhoods and the remainder of the city’s 

trail network. 

Several paths link both vehicular and pedestrian traffic to the site.  The various 

street typologies offer the opportunity for different ESM street treatments, while the 

existing trails may be easily connected to surrounding neighborhoods and trails, further 

extending the network of pedestrian travel.  The nameless access street bisecting Zone 1 

may be seen as a constraint, but does provide the only existing north/south connection. 

 

Stormwater Infrastructure 

The city of Ft. Wayne is served by a combined sewer system.  However, the 

project site is found at the limits of the city’s CSO area (Fig. 43).  As a result, some 

separate storm sewer infrastructure exists within the site, carrying a significant 

percentage of runoff volume off-site.  The fact that this runoff is kept separate from 

wastewater implies the possibility of ecological storm water treatment through the 

methods described in this study.  Storm water piped off-site through the separate system 

may be rerouted towards surface treatment areas (i.e. constructed wetlands).   

Within Drainage Zone 1 lies one such portion of the separate storm sewer system 

(Fig. 44).  Runoff from the area’s impervious surfaces drains into the system via several 



 80

catch basins and inlets.  It flows south 

and is intercepted by a large pipe 

running parallel to the railroad at the 

southern edge of the site.  The water 

within this pipe flows from the 

west/southwest; the neighborhoods 

where it originates are outside of the 

CSO area and are served largely by a 

separate storm sewer system.  The 

flow continues eastward across 

Swinney Park and eventually 

discharges into the St. Mary’s River.  

It may be possible for the volume of storm water carried through this system to the west 

of Zone 1 to be rerouted and discharged into an ecological storm water treatment area at 

the southeastern portion of Zone 1.  This would reduce the overall volume of runoff from 

this area discharged into the river.   

Drainage Zone 2 also contains a small section of separate storm sewer.  A series 

of inlets along Main Street capture runoff and send it eastward towards Junk Ditch.  The 

runoff is discharged into a rip-rap lined swale adjacent to the industrial lot in the center of 

Zone 2, where it then flows into the ditch.  It may be possible for this runoff to be 

redirected towards the potential treatment/storage destination described above in the 

Surface Hydrology section via pipe or swale. 

 

  Figure 42: Fort Wayne CSO Boundary (Sewage Overflow  
  Reduction and Control Plan Executive Summary) 
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A portion of the separate storm sewer system is in place within Drainage Zone 3, 

as well.  Beginning ½ block north of Main Street, runoff flows southward towards the 

southern tip of the zone.  From here, it continues to flow to the east where it is eventually  

Figure 43: Stormwater Infrastructure Inventory Map 
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discharged into the St. Mary’s River.  Some of the zone’s runoff is collected in an inlet 

along Main Street and discharges directly into Junk Ditch.  It may again be possible to 

reroute these lines into the potential treatment/storage destination described above in the 

Surface Hydrology section.   

It is not believed that the separate storm sewer system should be eliminated.  In 

fact, it is an excellent control measure for ecological system overflow.  What is 

recommended is that the system be retrofitted to work in concert with an ecological storm 

water management system to best meet the needs of the particular site.  The feasibility of 

such retrofits must be evaluated per site according to costs and benefits on both an 

economic and environmental scale.  While this feasibility analysis falls outside the 

boundaries of this study, its potential value is still considered. 

 

Historical Landscapes and Structures 

Since Ft. Wayne’s founding, a number of events have taken place within the site 

that explain its historical context.  In addition to several landscapes, more than thirty 

buildings are considered to be of historical significance (Fig. 53); the following 

paragraphs explain the location and nature of a few of these points of interest. 

Located on the far west/northwest side of the site is Lindenwood Cemetery.  

Began in 1860, the cemetery initially covered 152 acres (later expanding to 175).  This 

land was originally bought from the Potawatomi Indians in 1826, changing hands a 

number of times before ultimately becoming the site for a ‘landscaped lawn cemetery.’   
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Design and site selection was the commissioned responsibility of landscape architect 

John Chislett, Sr. (designer and superintendent of Allegheny Cemetery, Pittsburgh PA) in 

1859.  The design, as stated above, was to be that of a 

‘landscaped lawn cemetery’; that is, its original intent 

was to serve as both a city park and burial ground.  

Eighteenth century English picturesque landscape 

design principles were adhered to in its conception 

and planning; this was ideal in keeping with the site’s 

rolling landscape (Fig. 45-46).  “Lindenwood’s 

developed grounds have 175 acres of undulating 

landscape articulated by winding roads and 

punctuated by grottoes, gazeboes, and small bridges 

of unwrought stone.  These features provide scenic or 

picturesque vistas throughout the cemetery in keeping with the picturesque landscape 

tradition” (Paulison 72).  Today, Lindenwood Cemetery’s original character is still intact, 

but fragmented nonetheless.  Formal gardens of the past are now covered with turf, 

though many of the original structures still remain.  An additional 110 acre parcel, 

located directly west from the cemetery across Lindenwood Road, now serves as the 

Lindenwood Nature Preserve.  It may be said that today’s cemetery isn’t recognized as 

the park it was originally intended to be; however, its natural land formations, vistas, 

structures, and connection to undeveloped and natural areas may serve as a valuable 

source of inspiration throughout the ecological storm water management design process. 

Figure 44: Entrance to Lindenwood 
Cemetery 

Figure 45: Picturesque Landscape of 
Lindenwood Cemetery 
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Swinney Park, acquired in 1918 (with additional land acquired in 1946), is located 

on a 48 acre parcel between Junk Ditch, US 24, the St. Mary’s River, and the old New 

York and Grand Rapids rail lines.  The park was originally planned as a western terminus 

to the downtown and its West Central residential neighborhood.  It was a true recreational 

landscape at this time, serving as the city’s playground.  Most of the original park was 

found on the eastern portion of today’s park, while the western portion (that  

 

which lies in closest proximity to the site discussed 

in this study) was later developed.  West Swinney is 

home to baseball diamonds, a swimming pool, disc 

golf course, formal gardens (originally designed in a 

Japanese style by Adolph Jaenicke), and a newly 

constructed Japanese pavilion, all of which are situated within the open space of the park 

(Fig. 47-48).  The possibility that West Swinney may expand into the newly acquired 

land on the former Dimension Ford lot offers ample design opportunity; its current 

character may be capitalized upon through such an extension. 

Recently, a cultural landscape report of Swinney Park was assembled for the City 

of Fort Wayne.  A number of recommendations arose from the completion of this report, 

including the enhancement of the Jefferson Blvd. corridor and park lands through the 

inclusion of a planted median and upgraded landscaping (Erdman and O’Donnell VII.1).  

Figure 46: Panoramic View of Swinney Park from Southwest 

Figure 47: Japanese Pavilion at Swinney 
Park 
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It was also recommended to “rehabilitate Junk Ditch by dredging and restoring edges” 

and to “restore channel to provide flow of water to lagoon and discharge to river” 

(Erdman and O’Donnell VII.2).  The extension and connection of the park’s present trail 

system to surrounding trail networks is also suggested. 

The above descriptions offer examples of landscape-based historical areas within 

the site.  However, a number of historical structures also exist.   

Along Edgerton Street, just south of Junk Ditch, sits the original structure of the 

Kraus & Apfelbaun-Indiana Feed & Seed Company (Fig. 49).  The structure was 

originally constructed in 1916 in a 

neoclassical style, and was remodeled 

and added to in both 1923 and 1930.  

At present, the building is partially 

home to a welding shop.  It offers no 

great historical importance, but should 

be noted due to its unique location in reference to 

Junk Ditch.  The ditch runs its course directly along 

the north face of the building; that is, if one were to 

drop a stone from a northern window, it would fall in 

the water.  The building also overlooks, or serves as a 

backdrop to the open lot discussed above in both the Surface Hydrology section and the 

Land Use section.  

Of further significance are the Birkmeier and Sons Monument Company building, 

located on Main Street across from Lindenwood Cemetery, and Engine House No. 7, 

Figure 49: Kraus & Apfelbaun Indiana Feed & Seed Co. 
Building 

Figure 50: Birkmeier and Sons Monument 
Co. Building 
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located ½ blocks west of Watkins Street along Main Street.  Built in 1929 and designed 

by architect Lloyd W. Larimore in the Spanish eclectic style, the Birkmeier building is 

situated with its large windows open to the Main Street passer-by (Fig. 50).  Definitive in 

style and unique to its surroundings, the building (still in use by the monument company) 

offers a possible model by which future structures may be constructed along this 

important corridor.  Similar in possible influence is the Engine House, built c.1895 and 

designed by architect John M.E. Riedel in the neoclassical style. 

Built upon nearly 12 acres between the Norfolk & Western Railroad, Main Street, 

the old New York Central Railroad, and Runnion Avenue sits the Thieme Bros. Knitting 

Mills-Wayne Knitting Mills (Fig. 51).  Built c. 1875, 

the three industrial buildings were designed and 

constructed in the Italianate style, and later remodeled 

as Art Deco c. 1930.  They were home to a well-

known men’s, women’s, and children’s ‘full-

fashioned’ hosiery company, and remained as such 

until 1962 when the company went out of business (the buildings are now home to a 

metal pattern, engraving, and casting company).  The structures, (not including the 

estimated 60’ original smokestack) range from two to four stories, looming above the 

remaining one to two story neighborhood buildings.  With this being the case, these 

historical structures contribute largely to the identity of this portion of the site.  Not only 

are they important in this respect, but the site they sit upon is home to an important event 

in the development of our country. 

Figure 48: Thieme Bros. Knitting Mills-
Wayne Knitting Mills Site 
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Just two blocks north of the intersection of Main Street and Growth Avenue, 

along the present day Norfolk & Western Railroad, was the groundbreaking site of the 

Wabash and Erie Canal (Fig. 52).  The event took 

place on February 22, 1832, marking a significant 

point in American history; the completion of the 

canal in 1835 would link the Great Lakes to the Ohio 

River, and ultimately to the Gulf of Mexico.  Before 

its completion, a land portage existed between the site 

and the Little Wabash River (approximately 25 miles 

west), offering the same connection, but on a much 

smaller scale of transport potential.  With the canal in 

place, Fort Wayne became a major industrial hub, 

with many goods passing to, from, and through the 

city. 

The Wabash and Erie Canal ran its course directly through the site discussed in 

this study.  From the above mentioned groundbreaking, it was directed east towards the 

downtown.  Heading in the opposite direction, however, the canal took a slight turn 

southwest towards the present day intersection of Main Street and Leesburg Road, and 

continued on between Junk Ditch and Main Street.  The canal was put out of business by 

the fast and powerful locomotive, and was closed in 1876 (the present path of the Norfolk 

& Western Railroad sits upon the eastern reaching portion of the canal).  Nonetheless, the 

opportunity to include the essence of such an important historical feature in its original  

 

Figure 49: Wabash and Erie Canal 
Groundbreaking Site 
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context as relating to water cannot be overlooked, and may serve as a potential design 

element within this project. 

Figure 53: Historical Landscapes and Structures Inventory Map
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As noted above, several other historical buildings exist upon the site, most of 

which are occupied homes ranging greatly in architectural style.  None offer any grand 

historical significance, but do collectively create, at minimum, a sense of identity for the 

neighborhoods they are found in.  These scattered structures, along with the locations 

described above, offer a portion of the foundation upon which this project’s design may 

be built. 

As several historical landscapes and buildings exist within and around the site, the 

opportunity to physically connect to and reflect these places may be taken advantage of in 

the site design.  However, care must be taken not to design new spaces that may infringe 

upon their integrity or physical existence. 

 

Case Studies 

Living Water Garden:  Chengdu, China 

Located in the city of Chengdu in the Sichuan Province of China, the Living 

Water Garden operates as a fully functioning water treatment plant, a living 

environmental education center and demonstration project, and a refuge for wildlife and 

plants (Fig. 54).  Opened in April 1998 and made possible by the Chengdu Fu and Nan 

Rivers Comprehensive Revitalization Project, the park sits on 5.9 acres at the 

convergence of these rivers.  The creation of the garden was the result of a collaborative 

effort between Betsy Damon (an environmental artist), and Chengdu’s landscape 

architects, scientists, engineers, architects, and designers.  Each day, 200 cubic meters of 

polluted river water is diverted and treated throughout the park; this has no large scale 

affect on the quality of the river as a whole, but rather serves an educational/ 
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demonstration purpose.  The garden is walkable throughout, featuring several functional, 

sculptural elements including the Living Water Drop Fountain, Flow Forms (serving as 

aerators), a fish pond, terraces/steps leading to the river’s edge, and a Clean Water 

Fountain (a play fountain featuring cleaned water).  The garden also contains a 

constructed wetland and forest, serving as home to 

over 100 animal species.  This is a reflection of the 

diversity of Mt. Emei, a sacred Buddhist mountain 

located 160 kilometers outside Chengdu.  These 

features are all illustrated and explained through 

interpretive signage, offering an enriching educational 

experience for each visitor, as well as a place to 

physically reconnect with both the city’s natural surroundings and the rivers which cross 

through the city itself.  Additional details of the garden include underground parking, a 

stone amphitheatre, environmental education center, permeable grass pavers, and 

sand/gravel filters.  

The Living Water Garden serves as an example to the possibilities associated with 

this project in several ways.  Its size is relative to the size of the lot in which a storm 

water park may be designed in Zone 1.  The fact that the garden effectively treats water 

through the use of several ecological stormwater treatment methods in a space this size is 

encouraging.  Not only is the garden functional ecologically, but educationally, as well.  

It is one of the goals of this project to increase the value of the site through such means, 

also, by designing a walkable, interactive space similar to the Living Water Garden. 

 

Figure 50: Living Water Garden, Chengdu, 
China (www.margieruddick.com) 
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Hong Kong Wetland Park:  Hong Kong, China 

Located at the northern part of Tin Shui Wai, New Territories, Hong Kong, the 

site of Hong Kong Wetland Park was originally intended to be an ecological mitigation 

area to compensate for the wetlands lost due to Tin Shui Wai New Town development.  

The park, opened in December 2005 and designed 

by the landscape architecture firm Urbis Limited, is 

a world class eco-tourism destination, highlighting 

ecological mitigation as a conservation, education, 

and tourism facility (Fig. 55).  The mission of the 

Wetland Park is to foster public awareness, 

knowledge, and understanding of wetlands, and to marshal public support and action for 

conservation.  The wetland reserve occupies 150 acres of the 152.5 acre site.  This 

reserve contains recreated habitats, three bird hides, 

and a series of programmed paths including a stream 

walk, succession walk, and mangrove boardwalk (Fig. 

56).  A 10,000 sq. m. visitors’ center, or ‘wetland 

interactive world,’ features themed exhibition 

galleries, a theatre, souvenir shop, indoor play area, 

and resource center.  Accounted for in the center are a number of energy use-decreasing 

measures, including proper solar orientation, natural lighting, and natural ventilation.  A 

number of reuse materials were also used in the park, including oyster shells in select 

gabion walls, bricks from locally demolished buildings, and a boundary fence constructed 

from reused timber formwork. 

Figure 52: Hong Kong Wetland Park 
(www.wetlandpark.com) 

Figure 51: Boardwalk at Hong Kong 
Wetland Park (www.wetlandpark.com) 
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The initial intention and developed mission of the Wetland Park is quite similar to 

the intention and mission of this project.  The fact that the city sought to compensate for 

wetlands lost due to development relates directly to this study’s project site.  The area 

was historically a wetland, but was covered with several meters of fill when developed.  

The return to a naturally functioning hydrology is, in part, the goal of both projects.  

Furthermore, the design of a stormwater park (on a much smaller scale than that of the 

Wetland Park) carries a dual purpose; not only will it ecologically treat and convey storm 

water, but will attempt to translate these functions to the public, ideally increasing 

awareness and support for further development. 

 

Water Pollution Control Lab:  Portland, OR 

Located in the St. John’s neighborhood of Portland, OR, the Water Pollution 

Control Lab sits on a 7.6 acre site bound by the Willamette River (Fig.57).  Architects at 

Miller/Hull Partnership and landscape architect Robert Murase (Murase Associates) 

designed the lab and site.  Built for $9 million and completed in 1997, the site houses a 

40,000 sq. ft. building, a storm water treatment zone, and is connected to a heavily used 

neighborhood park.  The building is home to the Portland Bureau of Environmental 

Services Pollution Prevention Services Group’s three divisions: Source Control, 

Environmental Investigations, and Environmental Compliance.  These divisions occupy 

15,000 sq. ft. of the building, with the remaining 25,000 sq. ft. housing administration, 

support, and public conference rooms.  Several energy conservation features are designed 

into the building, including self-dimming fluorescent lights and motion sensitive 

switches.   
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The stormwater treatment zone begins on the 

roof of the building; roof runoff travels not into the 

typical gutter and downspout system, but into long 

scuppers that send water off of the roof into rock-lined 

swales below (Fig. 58).  The native vegetation in these 

swales facilitates sedimentation and filtration.  

Stormwater is conveyed towards rain gardens where further settling and filtration takes 

place.  Excess water is conveyed down a 100 ft. concrete chute (which is lined with large 

stone) towards a larger retention pond.  All of these 

features serve as on-site working demonstrations, with 

interpretive displays geared toward public education.  

The stormwater that is treated and retained on-site 

comes from not only the impervious surfaces of the 

lab, but also from that of 50 acres of surrounding the 

site, including Cathedral Park.  The park, named for 

the gothic-style elements of the St. John’s Bridge 

running overhead, is connected to the lab via the 

Willamette Greenway Trail.  This connection and 

close proximity increases the number of visitors to the site, and therefore the exposure to 

the site’s stormwater features.  

The functioning stormwater treatment train on the grounds of the Water Pollution 

Control Lab serves as a good model that this project may emulate.  Water is not only 

conveyed and treated from the time it meets the surface of the lab’s grounds, but also 

Figure 53: Water Pollution Control Lab, 
Portland, OR (www.oregongarden.org) 

Figure 54: Stormwater Scuppers and 
Swales (www.portlandonline.com) 
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from the time it reaches the surface of the lab’s surrounding neighborhood.  It is a goal of 

this project to do the same; surface runoff will be directed from four surface drainage 

zones (described below in the Surface Hydrology section) towards a treatment zone 

through an open system much like that of the Water Pollution Control Lab’s.  The context 

within which the lab is sited is similar to that of this project, as well, offering strong 

pedestrian connections to both the site and a nearby public park. 

 

Hattiesburg Lake Terrace Convention Center:  Hattiesburg, MS 

Located in Hattiesburg, MS, the Lake Terrace Convention Center sits upon land 

that was at one time floodplain woodland.  Since flattened for development, the 30 acre 

site has been redeveloped for the inclusion of the convention center and an open 

stormwater management system (Fig. 59).  Allowing the built environment to serve as a 

framework to nature, the site was designed so that the “landscape’s structure [may be 

revealed] panoramically and sequentially” (Blake 18).  This design takes into account not 

only the functions of the landscape, but aims to introduce visitors to its inhabitants and 

cultures, as well.  This is exemplified by a series of terraces and hills that at once 

facilitate social gatherings and perform various stormwater management measures.  A 

one-acre marsh and two-acre lake filter on-site runoff and support a variety of plant and 

animal communities.  The sequentially revealing aspect of the design is experienced by 

travelling along a circular one-half mile path around the lake and through the site’s 

wetlands.  One may bear witness to a grid of saplings planted within a space reserved for 

an orchard; this grid adds to the dynamic panoramic views found throughout the site.  

However, this “panoramic sequence of experiences” is best viewed from the convention 
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center terraces, where the visitor may look out across the lake and its surrounding 

vegetation, and into the distant marsh.  The convergence of each of these elements 

provide differing points of visual and audible interest, yet the symbiosis of their functions 

remains in that they are all working in concert to treat the site’s stormwater.   

Considering the predevelopment status of the land upon which it sits, the 

Hattiesburg Convention Center may be closely related to the proposed Fort Wayne Green 

Technology Center and surrounding 

park addressed in this project.  The 

design of the site is inspiring when 

considering that of this project; 

opportunities for a “panoramic 

sequence of experiences” exist and 

will be considered.  Similar also is the 

relative size of the designed site; the Hattiesburg project illustrates the possibilities of 

design within a site of this size.

 Figure 55: Sections of Hattiesburg Lake Terrace Convention  
 Center (Landscape Journal) 



 

 

 
Chapter 6:  Site Design 
 
 
 

Upon the completion of site inventory and analysis, the decision was made to 

locate and design a stormwater park within the southern and central portions of the 

overall site (Fig. 61).  The Fort Wayne Stormwater Park serves as the collection, 

conveyance, and treatment destination for not only the stormwater runoff originating 

within the park itself, but for runoff collected within and conveyed from its surrounding 

neighborhoods.  This park fulfills all design goals of the project, including a decrease of 

negative environmental 

impacts from the site into 

nearby water bodies and an 

increase in value of the site as 

pertaining to recreation, habitat 

enhancement, education, and 

demonstration.  The 

implementation of researched ESM methods throughout the park and immediate 

surroundings and the design of the Fort Wayne Green Technology Center have been 

instrumental in reaching these goals.   

 

 

  Figure 60: View of Fort Wayne Green Technology Center from Main St.
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    Figure 61: Fort Wayne Stormwater Park Master Plan 
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Decrease of Negative Environmental Impacts 

The first and foremost goal of the Fort Wayne Stormwater Park is to improve 

water quality by means of ecological stormwater management.  A number of methods 

have been employed in its design in order to reach this goal. 

 

Reduced Imperviousness 

The negative environmental impacts of the site’s previously employed stormwater 

management system are ultimately lessened through the design by a decrease in 

impervious surfaces and connections.  Removal of a large expanse of asphalt and one 

empty building provides the means for a direct decrease.  The inclusion of various ESM 

methods as part of a stormwater treatment train serves as the means for the disconnection 

of the remaining impervious surfaces throughout the site. 

 

An ESM Treatment Train   

As rain comes into contact with roofs before any other surfaces, the site’s green 

roofs serve as a possible first step in the stormwater treatment train.  Green roofs are 

employed at three locations within the site:  the proposed restaurant, bowling alley, and 

Fort Wayne Green Technology Center.  These locations were chosen for their inherent 

visibility or connection to subsequent impervious surfaces.  Most water will infiltrate the 

green roofs; however, that which does not becomes runoff and must be dealt with 

otherwise. 

The second step in the stormwater treatment train may take on a variety of forms, 

with each serving the purpose of capturing, treating, and slowing roof or surface runoff.  
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For example, permeable paving has been used in the parking stalls along Stormwater 

Park Drive.  Runoff infiltrating these surfaces will be guided towards the wet swale 

alongside the drive.  In addition, sand filters have been used surrounding the parking 

areas of the commercial buildings in the southwest corner of the site.  Runoff treated by 

the filters is directed towards sub-surface bioretention cells.  Finally, a number of  

stormwater planters and additional bioretention cells are found throughout the site, 

typically along the foundation of buildings or in parking areas.  Underdrains convey 

slowed and treated stormwater from the bottom of the cells towards swales or constructed 

wetlands. 

Dry swales serve as the primary means of conveyance in the Stormwater Park.  

Located alongside the site’s streets and parking areas, the swales intercept runoff via cuts 

in the existing curbs.  Water is 

slowed and treated by vegetation, 

and is eventually discharged by an 

underdrain into either the 

constructed wetlands or a wet 

swale.  Dependent upon the 

entrance of runoff into the system, 

these swales may find their place at 

various points along the treatment train. 

 Two wet swales perform the final cleansing and conveyance of collected runoff, 

acting as a final step in the treatment train.  Runoff is allowed to merge with groundwater 

within the wet swales; this mix of water is conveyed towards the micropools and is 

  Figure 62: Westerly View of Micropools’ Drainage to Junk Ditch   
  . 
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eventually released into Junk Ditch.  Wet swales provide different treatment opportunities 

than dry swales due to differing hydrologic conditions and vegetation; these conditions 

offer an expanded opportunity for habitat, as well.  

The main ESM feature of the park is the Central Wetland.  This constructed 

wetland is the destination of runoff originating within the neighborhood located 

southwest of the site.  As noted in the Stormwater Infrastructure section, a separate storm 

sewer conveys runoff from this neighborhood, across the southern portion of Drainage 

Zone 1, to a downstream discharge point on the St. Mary’s River.  Rather than following 

this method of disposal, the runoff is now intercepted.  The existing storm sewer is 

diverted towards a lift station located underneath the gabion stormwater feature found in 

the forebay (Fig. 63).  Stormwater is pumped up from the closed system and discharged, 

where it is coursed throughout the quarter-mile wetland.  The cleaned water is then 

cooled and slowly displaced from the wetland’s micropool before final release into Junk 

Ditch, completing the treatment train.   

     Figure 56: View of Central Wetland Forebay/Gabion Stormwater Feature and Pillars from W. Jefferson Blvd. 
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A similar technique is employed in the northeast corner of the park.  An 

additional lift station pumps water from the separate storm sewer found in Drainage Zone 

3 to the forebay of the Northeast Wetland.  This wetland also treats additional runoff 

conveyed by dry swales, as does the Northwest Wetland.  Again, the micropools of each 

cool and slowly displace cleansed water into Junk Ditch.   

 

Increased Value 

The combination of ESM methods used throughout the Fort Wayne Stormwater 

Park are recognized primarily for their contribution to the decrease of negative 

environmental impacts on surrounding water bodies.  However, a number of additional 

benefits may also be associated with the park and its amenities. 

 

Recreation 

The prospect for recreational enjoyment is found through a variety of experiences 

within the Stormwater Park.  Several courses for exploration are found through the park’s 

network of trails.  These trails, connected to Fort Wayne’s existing greenway trail system, 

provide visitors the opportunity for a short stroll through the Central Wetland or a walk 

throughout the entire park.  One may choose to stay on the main path, remaining above 

the wetland within the serpentine wooded corridor, or take an alternate trip along the 

lower boardwalks, taking in long views of the park from the wetland surface.  Accessible 

from Stormwater Park Drive, a gabion course runs along the upper banks of Junk Ditch, 

providing close contact with the wetland vegetation and water in the ditch and 

micropools.  Connections to Lindenwood Cemetery, Swinney Park, the Towpath Trail, 
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University of Saint Francis, and the Fort Wayne Green Technology Center offer 

extensions of the pedestrian experience whether on foot or bicycle. 

An elevated observation deck, located along the path above Junk Ditch, provides 

an excellent view of much of the park, including the Central Wetland, micropools, and 

Junk Ditch (Fig. 64).  It is from this vantage point that one may gain a realization of the 

Stormwater Park’s processes; the movement of water throughout the park is illustrated 

diagrammatically upon an interpretive display, highlighting each of the employed ESM 

methods.  An additional observation deck is located adjacent to the parking area along 

Stormwater Park Drive.  Here, viewfinders offer visitors a panoramic view of the park 

and its wildlife. 

 

Figure 57: Bird's Eye Perspective looking East at Convergence of Treatment Train at Junk Ditch 
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Habitat Enhancement 

The creation of wildlife habitat is inherent in the design of the Stormwater Park.  

A significant increase in tree canopy, surface water, and native marsh and meadow 

vegetation provides this habitat.  The park completes a wildlife corridor between the 

nearby St. Mary’s River, Swinney Park, and Lindenwood Cemetery.  A nature preserve 

and farmland are found beyond these reaches to the west, providing a link from rural to 

urban land for several animal species.  The inclusion of these species further extends the 

recreational value of the Stormwater Park, offering opportunity for observation and 

photography. 

 

Education and Demonstration 

Recreation is oftentimes of upmost importance in a public park; however, the Fort 

Wayne Stormwater Park is also a place for education.  Working demonstration of the 

park’s ESM methods is highlighted through interpretive signage and tours; these methods 

of public education are direct in explanation.  However, an indirect approach to 

interpretation is offered by the use of a series of gabion pillars.  Five curvilinear rows of 

equally spaced pillars stretch across the site.  The tops of each pillar occupy a level plane, 

comprehensively representing an equal contour in relation to the surrounding topography.  

The design and positioning of the pillars in this manner provides immediate observation 

of water levels within the park; as water rises, it equally covers specific courses in each 

pillar.  These courses are constructed of various local materials, including limestone, 

recycled brick pavers, fieldstone, and demolished concrete. 
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While the Stormwater Park ably serves the purposes of increased water quality, 

recreation, habitat enhancement, and education and demonstration, it is the Fort Wayne 

Green Technology Center that acts as the site’s main vehicle. 

 

Fort Wayne Green Technology Center 

Serving as a local and regional destination for sustainable living, the Fort Wayne 

Green Technology Center serves as an education and demonstration catalyst for the 

adjacent stormwater park (Fig. 65).  Located upon the site of the Kraus & Apfelbaun-

Indiana Feed & Seed Company building, the Center provides park visitor information and 

serves as the location for school field trips, conferences on the environment, and an 

environmental education hub.  On-site demonstration includes solar and wind power 

technologies, water testing labs, a solar aquatic greenhouse, and the inclusion of a plot 

dedicated to the production of food or energy crops.  Featured also are a variety of 

ecological stormwater management methods, including two green roofs, bioretention 

cells, and permeable paving (runoff from the permeable parking area is collected in an 

underground storage tank and reused for the purpose of watering the nearby gardens in 

Swinney Park). 

The Green Technology Center embodies the spirit of the Stormwater Park, 

offering visitors the opportunity to actively engage in and witness sustainable practices.  

It acts as a physical transition zone between residential neighborhood and public park, 

concurrently providing a location for learning through active participation and 

demonstration. 
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Figure 58: Bird's Eye Perspective looking North at Fort Wayne Green Technology Center 
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Summary 

The Fort Wayne Stormwater Park represents a distinctive vision for stormwater 

management in the city.  At a time when Fort Wayne’s infrastructure is in need of 

change, the Park offers an alternative that at once improves water quality and adds a 

variety of values to the site.  Of course, this single application of ecological stormwater 

management methods will not solve the city’s problems.  It does, however, provide an 

example of how these problems may be dealt with in a manner that crosses the 

boundaries of past stormwater management practices, illustrating the use of several 

stormwater management methods that work in opposition to the inherent imperviousness 

of the urban landscape.   

When assembled properly in a stormwater treatment train, these methods improve 

water quality; their use within the Fort Wayne Stormwater Park provides the additional 

benefits of recreational and habitat improvement, as well.  This compounded 

functionality is what sets the Park apart from the city’s currently employed practices and 

gives Fort Wayne a renewed vision of the possibilities of stormwater management.  
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