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This thesis investigates the retrofitting of existing large lot residential 

neighborhoods with low-impact development water quality controls as a necessity for the 
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funding and public support issues.  Case studies of urban water quality stormwater 

retrofits are analyzed.  A project application is used to determine the possibilities and 

limitations of a low-impact development water quality retrofit of a suburban residential 

neighborhood in the Georgia Piedmont region, using bioretention areas as the water 

quality control.  In order to provide a quantifiable value for this project, a cost estimate 

was generated using extrapolated numbers from an existing retrofit project. 
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CHAPTER 1 

INTRODUCTION 

 

The field of stormwater management has changed substantially over the last two 

decades.  An increased awareness of water pollution and its harmful effects on both 

humans and the surrounding environment has caused a field-wide reform of the ways in 

which designers, builders and legislators plan for and treat stormwater management.  A 

growing consciousness of human intervention in natural systems is promoting the 

development of new, less damaging and even restorative technology.  These advances are 

constantly advertised and promoted in such field publications as Landscape Architecture 

and Stormwater Magazine. 

Professionals are taking a cue from natural systems, attempting to incorporate 

these into better site design.  Low-Impact Development (LID) is one such technological 

advancement.  Using our knowledge of the way the land manages and utilizes stormwater 

to its benefit we have developed a growing set of technological and design guidelines to 

help our land development projects mimic natural processes.  New developments all over 

the world are being designed with more stringent water quality regulations that promote 

the use of these “natural” technologies to manage stormwater quality while still providing 

the necessary flood protection that has been required for decades.  Even re-development 

projects are receiving attention in the way of water quality management.  However, there 

is a deficiency in stormwater water quality management that is not currently being 
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adequately addressed.  While new development and re-development runoff is being 

managed the runoff from existing developments, primarily those located in aging 

suburban areas, is still being allowed to flow untreated into our rivers, streams and bodies 

of water. 

Ten years ago, many of these stormwater quality controls were untested 

hypothetical solutions.  While still based on natural systems, their ability to remove non-

point source pollution from stormwater runoff was untested.  Today, these tried-and-true 

methods should be employed in as many applications as possible in order to achieve 

healthy watersheds.  It is now past time for the field of stormwater to begin tackling the 

looming problem of existing suburban development.  Much of the runoff generated by 

this built environment is quickly conveyed to flood prevention structures or out to 

streams and rivers.  Existing suburban neighborhoods may be one of the largest sources 

of non-point source pollution that remains essentially unchecked under water quality 

regulations. 

The problem of suburban non-point source pollution does not have a simple 

solution.  There are many factors to be considered on the way to developing a viable 

method of stormwater retrofitting for these artificially created sub-watersheds.  First, 

reviewing the history of the development of stormwater management can help identify 

the reasons why stormwater quality management is of such importance today.  

Understanding the environmental benefits of water quality management can also provide 

a strong support for stormwater retrofit applications.  Also, familiarity with stormwater 

legislation and regulation is crucial to the implementation of an unconventional 

stormwater quality control plan.  Proposing a new stormwater quality agenda will require 
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a keen understanding of existing stormwater legislation.  Understanding the funding of 

government managed stormwater projects is also necessary in order to maintain the 

ability to continue environmental initiatives.  The process of garnering public support is a 

key part of any government program, and stormwater management is no exception.  

Much of the funding for stormwater projects is generated from the public forum.  

Studying and understanding what has been tried in the field will begin to define what is 

working as well as what may need more thought and development.  Finally, project 

applications performed in suburban regions, particularly residential areas, would allow 

for further testing of these technologies in a new environment.  Public exposure of better 

site design would also be increased, which further spreads the knowledge about 

stormwater quality control. 

This thesis endeavors to study the retrofitting of existing large lot residential 

neighborhoods with LID-based on-site stormwater quality management controls.  It is 

one of the premises of this volume that this type of stormwater application should be 

addressed in order to achieve a successful regional stormwater management plan.  The 

following is an expansion of the various points mentioned above.  A project application is 

included for the purposes of determining the possibilities and limitations of retrofitting a 

suburban residential neighborhood in the Piedmont region of Georgia with LID-based 

stormwater management controls. 
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CHAPTER 2 

DEVELOPMENT OF STORMWATER MANAGEMENT REGULATION IN THE 

UNITED STATES 

 

 This chapter seeks to provide a brief historical account of the development of 

stormwater management practices in the United States.  In order to understand how we 

got where we are today it is crucial that we study the major influences behind past 

development.  We must learn from the past in order to plan for a better future. 

 

2.1 The Beginning of Stormwater Management 

The Federal Register defines stormwater management as the mechanism for 

controlling stormwater runoff for the purposes of reducing downstream erosion, water 

quality degradation, flooding, and mitigating the adverse effects of changes in land use 

on the aquatic environment.1  It is the single largest influence on all aspects of every 

construction site, and is in return influenced itself by the site.2

The development of stormwater management practices in the United States is 

intrinsically tied to soil conservation practices.  Water quality did not become a primary 

reason for conservation until the 1970s, but soil conservation has been a critical issue for 

the agriculture industry since the early part of the 20th century.  The increase in dust 

storm activity in the Great Plains region during the mid 1930s caused by decades of land 

                                                 
1 Federal Register 65, no.47 (2000) 12,898. 
2 Bruce K. Fergusson.  Introduction to Stormwater:  Concept, Purpose and Design.  New York:  John 

Wiley & Sons, Inc.  (1998) 13. 
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misuse, overgrazing and the natural drought patterns of the region3 began to affect the 

quality of life for the entire country; agricultural productivity was severely impacted due 

to the depletion of nutrients in the soil. 

Galvanized by public and industry outcry, the U.S. Department of Agriculture 

(USDA) conducted initial research and experiments on soil erosion control.  Out of this 

research emerged the Soil Conservation and Domestic Allotment Act of 1935.  This act 

recognized that “soil erosion is a menace to the national welfare and that [it is] hereby 

declared to be a policy of Congress to provide permanently for the control and prevention 

of soil erosion.”4  As a result the act created the Soil Conservation Service (SCS) as a 

division within the USDA in order to develop programs of soil and water conservation.5

The initial concept behind creation of the SCS worked well on paper, but 

implementing far reaching erosion control tactics required local and grass roots support.  

Key state legislation was necessary, and in 1937 the Soil Conservation District Law 

empowered local farmers and landowners to designate conservation districts specifically 

for soil and water conservation.  District boundaries tended to follow either county lines 

or, more commonly, watershed boundaries.  This was the kind of local support the SCS 

needed in order to be more effective in its mission.  The conservation district concept has 

evolved since its inception and is still used today, with close to 3,000 designated districts 

in the whole country.6

As mentioned, the primary concern for the SCS at the time of its inception was 

soil erosion on agricultural lands.  These soil conservation practices contributed to 

                                                 
3 Natural Resource Conservation Service-Idaho (http://www.id.nrcs.usda.gov/about/history.html ) 
4 Pub. L. No. 74-46, 49 Stat. 163, 16 U.S.C. 590(a)-(f). 
5 Soil and Water Resources Conservation Act:  1980 Appraisal Part II, Soil, Water and Related Resources 

in the United States:  Analysis of Resources Trends, USDA. (August 1981) 209. 
6 National Association of Conservation Districts (http://www.nacdnet.org/about/districts/index.phtml ) 
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improved water quality, although typically in an indirect manner.7  During the 1940s and 

50s the SCS worked with farmers and ranchers to implement conservation measures 

specifically meant to increase infiltration, reduce runoff and prevent sediments from 

moving into streams.  The SCS took a holistic view of conservation, working with the 

entire watershed to reduce erosion.  It was their policy not to involve themselves in any 

in-stream or floodplain projects without stabilizing the situation farther up on the 

watershed that had caused the problem to begin with.  This position became of great 

importance when the USDA became involved with flood control in the mid 1950s.  The 

Watershed Protection and Flood Prevention Act of 1954 authorized the USDA’s Small 

Watershed Program and linked the importance of holistic treatment of the watershed with 

federally funded flood prevention measures. 

The 1960s brought awareness of the eutrophic effects of agricultural sources of 

nitrogen and phosphorus, as well as the detrimental effects of synthetic pesticides on 

wildlife.  One of the most prominent outcries for environmental revolution was the book 

Silent Spring by Rachel Carson, first published in 1962.  Within its pages, Carson 

presented a dismal view of the ecological situation at the time, and called for immediate 

public and private action to change the disastrous course of our future.8  Industrial 

sources of pollution also received attention during this time.  As a result of this new 

research and public interest in a cleaner environment, the SCS suggested amendments to 

the Small Watershed Program to legitimize water quality as a project purpose.  In 1972 

these amendments were finally realized, including water quality management as a viable 

                                                 
7 Helms, Douglas.  “Water Quality in the Natural Resources Conservation Service:  An Historical 

Overview.” Agricultural History 76, no.2 (2002) 291. 
8 Milne, Lorus & Margery.  “There’s Poison All Around Us Now.”  The New York Times; September 23 

(1962) 303. 
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purpose for small watershed projects.  Previously these projects could only be 

implemented through the necessity of soil conservation techniques or to implement flood 

prevention measures.  Projects considered for funding included recharging groundwater, 

trapping sediment, reducing salinity in irrigation projects and providing deep cold water 

for trout streams, among others. 

It was also during the 1960s that the focus of water quality concerns shifted from 

agriculture to the sedimentation and erosion caused by suburban development.  Due to 

inadequate or nonexistent erosion control measures, land development was causing both 

on-site and off-site problems.  These ranged from on-site ponding, structural settling and 

the cracking of basement walls to off-site sedimentation, fish kills and severe stream bank 

erosion.  Consequently the SCS was encouraged to become more actively involved in the 

increasing amount of urban-rural fringe development, a significant expansion of 

responsibility for the SCS. 

Much of the base information in urban erosion control was adopted from earlier 

agricultural research, resulting in the remodeling and retrofitting of agronomic erosion 

control solutions for use in urban development.  This information was used to create 

handbooks and guidelines for developers, including construction criteria for silt fences, 

diversions, dikes, sediment basins, rock dams, sediment traps and inlet protection of 

storm drains.9  Plant material scientists were developing vegetative methods of curbing 

erosion on construction sites as well. 

With the SCS’s more prominent position and expertise in soil and water 

conservation practices, they became the primary mediator between conservation districts 

                                                 
9 Helms, Douglas.  “Water Quality in the Natural Resources Conservation Service:  An Historical 

Overview.” Agricultural History 76, no.2 (2002) 295. 

7



and developers in matters relating to the adherence of construction to county and state 

ordinances.  The SCS was technical advisor for both groups, helping developers comply 

with site erosion control requirements and also advising the conservation districts on the 

level of compliance of projects submitted for approval.  There was some opposition to the 

new regulations and ordinances, primarily from officials seen as allies of developers who 

wanted no rules.  Fortunately the majority of the construction industry saw the severity of 

the situation and the ordinances were upheld and followed. 

Further legislation passed in the 1960s emphasized the need to perform soil 

surveys in urbanizing areas in response to the growing need for water quality protection.  

These surveys aided in properly designating suitable areas for land development 

dependent on the soil quality.  This decade also proved to be a period of multidisciplinary 

discussion and attentiveness with regard to soil and water conservation.  In 1967 the 

conference on Soil, Water and Suburbia, hosted by the USDA and the Department of 

Housing and Urban Development, brought together professionals from various sections 

within the construction field, as well as government officials and residents, to discuss the 

future course of suburban land development in relation to soil and water conservation. 

 

2.2 The Environmental Protection Agency and the Clean Water Act 

The next decade brought the introduction of a new term in the conservation 

movement.  Non-point source pollution was brought to public attention through water 

quality studies performed in various bodies of water across the United States.  Results 

indicated there was no single end pipe, or point source, for much of the pollution found in 

streams and lakes.  There were both rural and urban sources identified as non-point 
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source pollution.  In response to growing public demand for cleaner water, air and land, 

the federal government established the Environmental Protection Agency in 1970.  Two 

years later the agency was given teeth with the Federal Water Pollution Control Act 

Amendments of 1972, commonly known as the Clean Water Act.  Since then, further 

amendments to the legislation have only increased the EPA’s ability to protect water 

quality. 

The Clean Water Act was the first federal acknowledgement of the causes and 

effects of non-point source pollution.  It promoted the development of guidelines to help 

control and mitigate the problem, commonly known today as Best Management Practices 

(BMPs), as well as proposing regional planning strategies in the tradition of the SCS.  

Guidance documents were created through the combined efforts of stormwater 

contractors and the SCS for wide range dispersal.  From this point on the EPA and the 

SCS shared a plethora of common interests, solidifying a relationship that continues 

today.  In 1994, the Soil Conservation Service was reorganized into the Natural 

Resources Conservation Service (NRCS) in order to encompass the many different 

responsibilities they hold beyond soil conservation.10

 

2.3 National Pollutant Discharge Elimination System 

Another result of the 1972 Clean Water Act was the creation of the National 

Pollutant Discharge Elimination System (NPDES) by the EPA.  This is a permit program 

originally created to control the wastewater discharges from various industries and 

wastewater treatment plants, known as point sources.  Enforcement authority for these 

permits was given to the EPA, while permit granting was handled at the state level in 45 
                                                 
10 Natural Resource Conservation Service - http://www.nrcs.usda.gov/about/agency.html  
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of the 50 states.  This is the type of regional planning the SCS had been practicing since 

its conception.  In 1987 the Clean Water Act was amended with the Water Quality Act, 

expanding the NPDES permit program to address “non-point” source pollution.  In 

response to this amendment the EPA developed Phase I of the NPDES Stormwater 

Program.11  The purpose of NPDES Phase I was to permit all Municipal Separate Storm 

Sewer Systems (MS4s) of large or medium sized populations (250,000 and 100,000 to 

250,000, respectively).12  Phase I also regulated any companies falling within one of the 

eleven categories of industrial activity presented, as well as any construction activity 

disturbing five or more acres of land.  Any company, municipality or construction 

activity falling within this rule was required to acquire an NPDES permit as well as 

develop a stormwater management plan (SWMP) designed to prevent harmful pollutants 

from reaching open bodies of water either through stormwater runoff or the MS4 itself.13

Phase II of the NPDES stormwater program was enacted in December of 1999, 

with the expectation of full implementation by December of 2002, and built upon the 

foundation set by the Phase I program.  It increased regulation by requiring designated 

small MS4s (communities with populations under 100,000 located within an identified 

urbanized area), as well as construction activities disturbing 1 to 5 acres of land, to 

request water discharge permits under NPDES.  In addition to a permit, small MS4s have 

to develop a stormwater management program which incorporates the six minimum 

control measures required by the Phase II rules.  Measurable goals have to be set within 

                                                 
11 Phase I NPDES Stormwater Permit Requirements - 

http://www.stormwaterauthority.org/regulatory_data/phase_1.aspx  
12 Georgia Stormwater Management Manual, vol. 1.  Georgia:  Atlanta Regional Commission. (2001) 2-3. 
13 Phase I NPDES Stormwater Permit Requirements - 

http://www.stormwaterauthority.org/regulatory_data/phase_1.aspx
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the program, using appropriate stormwater controls or BMPs, and an evaluation of the 

program’s effectiveness must be performed after implementation. 

 

2.4 Observations 

The Clean Water Act and its Water Quality Act amendment created and inspired 

many other guidelines and regulations for the protection of water quality, most of which 

are handled at the state or district level.  The NPDES program is the largest determinant 

to the level of stormwater management implemented in most new construction projects 

today.  This standard by which we measure our future development should be much more 

than the minimum requirement.  Even so, that is exactly what is stated in much of the 

NPDES literature – minimum requirement.  This raises the question: “Is the minimal 

sufficient?”  Little to no incentive exists for construction and design professionals to go 

the extra mile and provide more than what is minimally required to secure a permit.   

Water conservation, and by association stormwater management, have come a 

long way since the agricultural and environmental disaster of the Dust Bowl.  Today in 

the 21st century non-point source pollution is one of our primary environmental concerns.  

Our long standing agencies in resource conservation along with many scholars and 

professionals around the country are working to develop methods of stormwater 

management that will help mitigate non-point source pollution and stream bank erosion 

as well as recharge our groundwater supplies, mostly through on-site stormwater 

infiltration techniques.  The future health and welfare of our natural habitats depends on 

our ability to allow natural systems to function properly even after our manipulations of 

the land. 

11



 

 

CHAPTER 3 

LOW-IMPACT DEVELOPMENT AND ITS ENVIRONMENTAL BENEFITS 

 

 The term on-site stormwater management refers to a variety of methods used to 

handle both water quantity and quality at the site level.  While municipalities have been 

regulating water quantity for flood control purposes since about 19701, water quality 

control is a relatively new concept in stormwater management.  Most suburban 

residential neighborhoods built after this time use some form of large (collective) on-site 

stormwater structure in order to manage the increased runoff from impervious surfaces.  

It is difficult and expensive, however, to provide both quantity and quality control using a 

single stormwater management structure.  Today the majority of these existing 

neighborhoods still do not provide adequate water quality control. 

 As stated in chapter 2, it was not until the implementation of NPDES Phase II 

regulations around 2000 that new developments were required to include any sort of 

stormwater quality control.  Prior to the 1970’s few subdivisions employed any sort of 

stormwater management system, collective or otherwise.  Between 1970 and 2000 

suburban developments included primarily water quantity controls as required for flood 

protection purposes.  Most of these older neighborhoods still lack any sort of stormwater 

quality management controls. 

                                                 
1 Ferguson, Bruce K.; Debo, Thomas N.  On-Site Stormwater Management Applications for Landscape and 

Engineering.  New York, New York:  Van Nostrand Reinhold.  1990 (15). 
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 Retrofitting existing neighborhoods with on-site stormwater management controls 

at the lot level is a viable solution to this problem.  These types of stormwater runoff 

quality controls are also known as low-impact development (LID) stormwater techniques, 

meant to manage rainfall at the source using uniformly distributed decentralized micro-

scale controls.2  Rather than sending the untreated runoff from an entire development 

downstream to combine with the polluted runoff from other sub-watersheds it can be 

caught and treated at the source, there by reducing the pollutant load on streams, open 

bodies of water, and water treatment plants.  Often these small, lot-oriented stormwater 

controls use native vegetation as their primary filter; native plants can be used to create 

habitats for local fauna, increasing both plant and animal diversity in typically 

homogenous residential neighborhoods.  These environmental benefits will be discussed 

in this chapter with a specific focus on retrofit applications. 

 

3.1 Low-Impact Development

 The types of on-site stormwater quality management controls described above 

were first recognized as low-impact development principles during the mid-1980’s in 

Prince George’s County, Maryland.  Before they were labeled LID these techniques were 

being developed and tested by scholars in the field of stormwater management.  The 

introduction of LID principles as a way to address the growing environmental and 

economic limitations of conventional stormwater management practices allows for 

greater development potential with less environmental impact. 3  Stormwater 

management has for too long been seen as stormwater disposal.  LID technology makes it 

                                                 
2 LID Urban Design Tools – Background (http://www.lid-stormwater.net/background.htm ) 
3 See supra note 2. 
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possible for people to redefine their relationship with stormwater in a way that is 

beneficial to both the community and the environment. 

 There are many different stormwater quality techniques that are considered low-

impact development.  The EPA recognizes five low-impact development techniques:  

bioretention areas, cisterns, green roofs, permeable and porous pavement and grass 

swales.4  Soil amendments are an extra LID technique included by the Low-Impact 

Development Urban Design Tools website.  Application of the appropriate technique for 

a specific water quality issue is critical in order to achieve maximum water quality 

control. 

 

3.1.1 Bioretention Areas 

 Bioretention areas are shallow stormwater basins or landscaped areas that utilize 

engineered soils and vegetation to capture and treat runoff.5  They function as soil and 

plant-based filtration devices that remove pollutants through a variety of physical, 

biological, and chemical processes.6  Not surprisingly, bioretention areas have specific 

design requirements.  Two of these requirements actually make this technique more 

appropriate than other LID techniques for use in existing stormwater systems in low 

density neighborhoods:  donor area size and connection type. 

The donor area is essentially the area of the site that will be contributing runoff to 

the bioretention area.  This is not necessarily equal to the lot size, as only the area uphill 

                                                 
4 EPA – Stormwater Menu of BMPs 

(http://cfpub.epa.gov/npdes/stormwater/menuofbmps/index.cfm?action=factsheet_results&view=s
pecific&bmp=124 ) 

5 Georgia Stormwater Management Manual, vol.2   Georgia:  Atlanta Regional Commission. (2001) 3.2-
43. 

6 LID Urban Design Tools – Bioretention (http://www.lid-stormwater.net/bio_benefits.htm ) 
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and directed into the bioretention cell would be contributing runoff.  This makes the 

donor area extremely site specific.  The size of the donor area is important when 

designing the bioretention cell.  The Georgia Stormwater Management Manual specifies 

a maximum of five acres for any single bioretention area, with a maximum efficiency 

area of one-half to two acres.  This size requirement makes bioretention basins ideal for 

use in low density residential neighborhoods where the average lot size is between three-

quarters and two acres.  For most lots one basin would be enough to treat the runoff from 

the majority of storms. 

The type of connection between the donor area and the bioretention area is crucial 

to the effectiveness of the structure.  There are two types of connections that can be made 

between a bioretention area and the donor area:  on-line and off-line.  On-line 

connections allow the entire runoff volume of every storm to pass through a bioretention 

area.  This does not mean that the bioretention area is sized to treat the water quality 

volume of every storm.  Rather the bioretention area must be capable of either safely 

detaining large storm volumes (typically those produced by 25-year, 24-hour storms) or 

safely conveying storm volumes greater than its capacity back into the existing 

conveyance system so that the runoff may continue to the site’s quantity control structure.  

On-line structures are typically less effective at pollutant removal than the 

alternative off-line structure.  The off-line structure is designed to treat a specified 

amount of runoff (In Georgia, typically the water quality volume for the 85th percentile 

storm).  Once the bioretention area’s water capacity has been reached, a flow diverter 

prevents runoff from entering the cell.  In this manner, off-line bioretention cells can be 

more effective at removing pollutants.  Both on-line and off-line structures work well 
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with existing curb and gutter systems.  If the basin were to fill to capacity excess runoff 

would be diverted to the conveyance system through the exit curb cut.  This would ensure 

that the basin never holds more water than it is designed to treat. 

 

3.1.2 Cisterns and Rain Barrels

 Rain barrels and cisterns can be used to catch rain from roofs as it travels down 

gutters, reducing the overall runoff volume exiting a property.  They provide a source of 

essentially free water that can be readily utilized for outdoor purposes, such as landscape 

watering and car washing.  They are considered an “on-lot treatment” of stormwater 

runoff, meaning that they manage runoff from individual residential lots.7  While rain 

barrels and cisterns do manage a portion of the runoff leaving a property, it is a small 

percentage of the total volume as the majority of the runoff generated on a site originates 

on parking areas and other paved surfaces.  Rain barrels and cisterns could be part of a 

larger LID-based stormwater quality management strategy that incorporates bioretention 

areas, grassed swales and permeable pavements to treat the majority of the runoff. 

 

3.1.3 Green Roofs

 Green roofs are roof-tops partially or completely covered with plants.  This 

technique has been used in Europe for centuries to mitigate urban “heat island” effects as 

well as reduce peak stormwater flows.  The reduction of peak storm flows, however, is 

only possible through wide-spread regional applications of this technology.  Green roofs 

are viable stormwater quality management solutions for new development and re-

                                                 
7 EPA – Stormwater Menu of BMPs 

(http://cfpub.epa.gov/npdes/stormwater/menuofbmps/index.cfm?action=factsheet_results&view=s
pecific&bmp=81 ) 
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development.  Their use in retrofit applications is more limited due to the weight of the 

roof structure, planting medium, plants and eventual water weight.  Most typical roof 

structures are not designed to carry these loads, and so would require extensive structural 

reinforcement to support the green roof. 

 

3.1.4 Permeable and Porous Pavement 

Permeable and porous pavement can be used to replace much of the impervious 

surface area on a site such as driveways, walkways, and terraces.  Medium traffic areas 

are the ideal application for this LID as heavy loads may damage the structure.  These 

pavements can act as a treatment filter, removing pollutants such as oils and heavy 

metals.  Once the runoff begins to filter through the pavement it can either be stored 

within the voids in the pavement itself for filtration into the sub-grade, or it can be 

directed to another stormwater quality or quantity structure such as a bioretention area or 

a detention pond. 

 

3.1.5 Grass Swales

 Grass swales are vegetated open channels used to slow runoff and facilitate 

sediment removal.  They are typically sized for a specific storm event; where they are the 

primary form of stormwater conveyance they are typically sized to carry up to a 25-year, 

24-hour storm event.  Because grassed swales are in essence improvements on the 

traditional drainage ditch or culvert, they are not necessarily meant to remove a high 

percentage of pollutants.  Relatively flat slopes are preferable, as this will aid in slowing 

the runoff and reducing the cost of installation by avoiding the need for check dams.  
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When using with other LID techniques grass swales can act as pretreatment areas, 

allowing larger sediment to settle out of the runoff before entering a more intensive water 

quality control structure such as a bioretention cell. 

 

3.1.6 Applicability of LID Techniques 

Low density residential neighborhoods are perfectly qualified for implementation 

of LID principles.  One LID technique out of the ones described above is particularly 

applicable for use in these existing suburban residential areas due to the relatively large 

ratio of pervious to impervious surface in these neighborhoods.  Bioretention areas could 

be used along the roadway to treat pavement runoff; they could also be used within 

individual lots to treat roof runoff, perhaps in combination with cisterns or rain barrels.   

This thesis focuses on the use of bioretention technology to create hybrid 

stormwater systems in existing residential developments.  It is impractical to devise a 

new system for an existing neighborhood that would handle both the quality and quantity 

of all the runoff generated by the largest storm.  This is an expensive, extremely 

environmentally invasive and unnecessary undertaking if a neighborhood already 

employs conveyance and flood control structures that perform this task well.  A hybrid 

stormwater system is one that combines both the existing conveyance/quantity control 

system and the newly integrated water quality treatment facilities.  Hybrid systems are 

flexible and have the potential to work well for many types of developments if designed 

appropriately. 

 Low-impact development techniques and processes are virtually indispensable to 

stormwater retrofit applications.  These principles could allow an already developed area 
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to contribute to regional water quality and environment health through low-impact and 

low cost stormwater management alternatives.  With the help of local government 

legislation, funding and public awareness these advanced methods of stormwater 

management have the potential to become the rule instead of the exception. 

 

3.2 Downstream Environmental Effects 

 The non-point source pollution in our open bodies of water comes from many 

donors upstream.  Every particle that makes up the entirety of the pollution in a lake, for 

example, started out as quite a small amount of dust, oil, fertilizer, etc. that was carried 

away by stormwater runoff.  By themselves these particles pose little threat to the 

environment, but when the runoff from a large residential development, carrying millions 

of these deceptively harmless particles, combines with that of two or three developments 

of equal or greater size, the pollutant load is concentrated into an ecological hazard with 

many harmful consequences. 

 Concentrations of non-point source pollution in surface waters affect every living 

creature that uses them.  Turbidity due to suspended soil particles from erosion blocks 

sunlight and promotes higher levels of harmful bacteria.  It can also abrade fish gills and 

cover the bottom habitats of streams and lakes.8  Increased levels of phosphorus and 

nitrogen from fertilizers promote harmful algal blooms,9 as well as causing abnormal 

hormonal levels and miscarriages in humans.10  Oils and other organic compounds 

                                                 
8 Ferguson, Bruce K. Introduction to Stormwater Management – Concept, Purpose, Design.  New York, 

New York:  John Wiley & Sons, Inc.  1998. 
9 National Research Council. Clean Coastal Waters: Understanding and Reducing the Effects of Nutrient 

Pollution. Washington, DC: National Academy Press; 2000. 
10 Gaffield, Stephen J.; Goo, Robert L.; Richards, Lynn A.; Jackson, Richard J.  “Public Health Effects of 

Inadequately Managed Stormwater Runoff.” American Journal of Public Health 93, no.9 (2003) 
1527-1533. 
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decompose in water and deprive fish, crustaceans, and aquatic plants of adequate oxygen 

content.11  The list of pollutants is almost endless. 

 LID-based on-site stormwater quality controls are one effective method of 

preventing non-point source pollutants from banding together.  Using these methods 

reduces the pollutant load downstream by capturing and filtering out as much as possible 

at the site.  Studies show that bioretention basins are effective at removing 80% of total 

suspended solids (TSS) in stormwater runoff.  Phosphorus, nitrogen, and heavy metals 

are also reduced by 60%, 50%, and 80% respectively.12  Filtration of the runoff reduces 

the total volume leaving the site, preventing serious downstream erosion and further 

sedimentation. 

The creation of safe, potable water also benefits from on-site stormwater quality 

controls.  The treatment of water for human consumption can be made less complex, less 

expensive, and ultimately less harmful if more pollutants are removed at the source.  

Water treatment for drinkability uses a slew of chemicals to detoxify, disinfect and 

remove odors from surface waters.  Decades of increasing non-point source pollution 

have added levels of complexity to the processes that make water treatment a costly 

endeavor.13  These treatments also carry their own hazards, typically in the way of 

potentially carcinogenic compounds that are never the less necessary to make water 

drinkable.14  If more is done to prevent pollution from entering open bodies of water, 

                                                 
11 See supra note 6. 
12 Georgia Stormwater Management Manual, vol.2   Georgia:  Atlanta Regional Commission. (2001) 3.1-7. 
13 Awwa Research Foundation.  Impacts of Major Point and Non-Point Sources on Raw Water Treatability 

[Project #2616].  Awwa Research Foundation.  2002-2008. 
(http://www.awwarf.org/research/topicsandprojects/execSum/2616.aspx ) 

14 See supra note 8. 
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treatment processes will be simpler, less dangerous and less costly.  Bioretention basins 

installed at the source of stormwater runoff can reduce the pollutant load significantly. 

 The environmental benefits of on-site stormwater LID controls go far beyond the 

lot on which the bioretention basin is located.  With a widespread use of these techniques 

in neighborhood retrofit applications, new development and re-development, non-point 

source pollution could be reduced to a fraction of what it is.  Recreation in open bodies of 

water would not be guided by whether or not the levels of pollution are too high; instead 

it would be a simple decision of whether or not it is a nice day to go swimming.  Eating 

fish caught in a local stream would not mean taking your life into your hands.  Instead, 

we would be able to enjoy our environmental resources the way they were meant to be 

enjoyed – without reservation. 

 

3.3 Localized Environmental Benefits

 Low-impact development stormwater controls can benefit the local environment 

in many ways.  Bioretention basins can be designed to imitate a natural area, or as 

“naturescapes”.  Landscape plans should include at least three different species each of 

trees, shrubs and herbaceous plants, in order to create a truly well rounded habitat.  This 

level of biodiversity can have a revitalizing effect on a suburban residential neighborhood 

where landscapes tend to suffer from a drab homogeneity. 

Bioretention cells are also typically landscaped with native plant species.15  Due 

to their adaptation to a local environment, native plants tend to be hardier than non-native 

                                                 
15 Georgia Stormwater Management Manual, vol.2   Georgia:  Atlanta Regional Commission. (2001) 3.2-

50. 
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species.16  It is important that the plants chosen for the cell can withstand periods of 

extreme wet and dry, both of which can occur in a bioretention basin.  The creation of 

well rounded plant habitats can also help support plant health by avoiding monoculture 

landscapes that can encourage the spread of disease.  If appropriate, a plant could even be 

chosen for its soil fixing properties to support other plant in the basin.  A native plant 

bioretention area can also provide a habitat for native birds and insects.17  If desired, a 

basin can be designed with multiple purposes, such as to support butterfly or dragonfly 

populations or to provide birds with nesting opportunities. 

The promotion of native habitats in bioretention cells also helps to preserve a 

sense of place and the local ecology.  The replacement of native flora with non-native 

species in residential landscapes has been a prevalent trend for a long time.  This can lead 

to an ecological instability in the local environment which often requires the introduction 

of another non-native species to re-balance it.  Eventually, this self-perpetuating cycle 

can lead to the loss of entire native ecosystems.  The use of native plants in bioretention 

basins can help avoid this fate. 

The general addition of more planted spaces to an area can have other effects as 

well.  Perennial and herbaceous plantings can help cool the entire neighborhood through 

evaporation and evapotranspiration of the runoff caught in the basins and on plants.  With 

a neighborhood-wide retrofit installation, the ambient temperature reduction could be 

significant.  Finally, landscaped bioretention basins can help beautify an entire 

neighborhood, providing aesthetic enjoyment for the public.  These sensory benefits, 

along with the added knowledge of the seemingly simple work these rain gardens are 

                                                 
16 Greenacres:  Landscaping with Native Plants (http://www.epa.gov/greenacres/index.html ) 
17 Native Plants for Conservation, Restoration, and Landscaping 

(http://www.dcr.virginia.gov/natural_heritage/nativeplants.shtml ) 
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doing to remove pollutants from our eventual drinking water, may help to increase public 

feelings of stewardship for the land and responsibility for environment health. 

 

3.4 Observations

 This chapter looked at the environmental benefits of retrofitting an existing 

development with lot-oriented on-site stormwater management structures.  These low-

impact development strategies can contribute to environment health in many different 

ways.  The effects of a water quality systems composed of multiple LID techniques can 

be far-reaching.  The effects of such a system implemented at a regional scale could 

significantly restore an urbanized area’s natural, pre-development ability to treat for 

water quality.  

 Bioretention basins can combine with existing stormwater systems to create 

hybrid stormwater management systems that are effective at both runoff quality and 

quantity control.  This can be achieved in a minimally invasive manner with maximum 

environmental rewards.  Combined with other methods of pollution and volume control, 

existing conveyance/quantity stormwater management systems can be transformed into 

hybrid systems that can comply with water quality requirements currently only enforced 

for new and re-development. 

 Neighborhoods can reap significant benefits from a hybrid stormwater 

management system.  Using native plants in bioretention basins increases plant 

biodiversity and reduces neighborhood landscape homogeneity.  Natives also support the 

local ecology and wildlife, providing food and nesting for local birds and insects.  The 

greater occurrence of leafy planted areas as opposed to large expanses of lawn can also 
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have a cooling effect on the locale.  Eventually the overwhelming benefits of bioretention 

basins for local residents can foster feelings of environmental stewardship and 

responsibility along with knowledge of natural processes, making the neighborhood as a 

whole more environmentally aware. 
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CHAPTER 4 

SOCIO-POLITICAL CONSIDERATIONS FOR STORMWATER RETROFITTING 

 

 Making the retrofitting of on-site stormwater management a common practice is 

no small task.  Three factors are of most importance on the road to this goal:  legislation, 

funding and public support.  This chapter studies the obstacles each of these holds for this 

thesis, as well as possible solutions for each. 

 

4.1 Stormwater Legislation in Georgia 

Legislation is the backbone of the stormwater management reform movement.  It 

is through legislation that new and innovative ideas can be widely incorporated into the 

regular planning and implementation of stormwater management systems.  Legislation 

also provides enforcement of these policies and ordinances.  However, this does not mean 

that current legislation is by any means complete.  At the state level, NPDES regulations 

fail to provide incentives for the use of stormwater runoff pollution removal systems that 

are more effective than the most common, low budget alternative.  In addition, there is no 

legislatively supported vehicle in place to trigger existing development stormwater 

retrofitting at the local level.  Significant stormwater improvements are currently only 

required for new land development and redevelopment projects.    
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4.1.1 National Pollutant Discharge Elimination System (NPDES) 

NPDES regulations provide a broadly defined minimum set of guidelines for 

regulated Municipal Storm Sewer Systems (MS4’s).  Urbanized areas of specific 

population sizes fall under one of two categories:  medium and large MS4’s with 

populations of 100,000 or more are regulated through Phase I requirements; small MS4’s 

of populations from 50,000 to 100,000 are regulated through Phase II requirements.  

Phase I requires medium and large MS4’s to implement “controls to reduce the discharge 

of pollutants to the maximum extent practicable, including management practices, control 

techniques and system, design and engineering methods, and such other provisions as the 

Administrator or the State determines appropriate for the control of such pollutants.”1  

Stormwater management programs required by Phase I regulation must include measures 

to: 

 Identify major outfalls and pollutant loadings, 

 Detect and eliminate non-stormwater discharges to the system, 

 Reduce pollutants in runoff from industrial, commercial and residential areas, and 

 Control stormwater discharges from new development and redevelopment areas.2 

The specifics, however, are left undefined with the intention that each regulated 

municipality or local jurisdiction is responsible for its own stormwater management plan.   

 Phase II requirements for small MS4 operators located in urbanized areas have a 

greater number of guidelines, but still leave the actual design and implementation of the 

stormwater management plan up to the municipality in question.  “The operator must 

design its stormwater management program to satisfy applicable CWA [Clean Water 

                                                 
1 Clean Water Act, Section 402:  National Pollutant Discharge Elimination System (p)(3)(B)(iii) 
2 EPA – Permit Application Requirements for Medium and Large MS4’s 

(http://cfpub.epa.gov/npdes/stormwater/lgpermit.cfm ) 
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Act] water quality requirements and technology standards.  The program must include the 

development and implementation of best management practices (BMP’s) and measurable 

goals for the following six minimum measures, and include evaluation and reporting 

efforts: 

 Public education and outreach, 

 Public participation/involvement, 

 Illicit discharge detection and elimination, 

 Construction site runoff control, 

 Post-construction runoff control, and 

 Pollution prevention/good housekeeping for municipal operations.”3  

Within the ten combined requirements of Phases I and II, only one relates specifically 

to the reduction in residential stormwater runoff.  Also, while the use of BMP’s is 

promoted in Phase II, the method of implementation is left wide open for interpretation.  

This amount of freedom in policy can be a double edged sword, depending on the 

municipality in question, as states Joel P. Thrash, M.En., CPESC-IT, in the following 

excerpt from his article “Ecologically Functional Stormwater Basin Retrofits”: 

For some municipalities and their elected officials, Phase II regulation is 

viewed as an opportunity to update local ordinances or enforcement 

measures and to invest in surface-water resources previously ignored at 

the local government level. For others, even within the same watershed, 

Phase II stormwater requirements are a necessary evil packaged and 

presented to citizens as six de minimus control measures mandated to them 

                                                 
3 EPA – Storm Water Phase II Compliance Assistance Guide 

(http://www.stormwaterauthority.org/assets/SW_PhaseII_Compliance_Guide.pdf ) 
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by the federal government. From both perspectives, short- and long-term 

economic growth associated with urban development is understandably of 

greater importance than the NPDES program and its potential ecological 

significance.4

Current legislation in Georgia does not strongly promote one method of 

stormwater management over another, perhaps less effective method.  So while 

smaller, low-impact development (LID) on-site stormwater management device 

chains may be more effective than large dry detention ponds at pollutant removal 

from smaller storm events, it is entirely up to the municipality whether or not they 

include or promote these in their stormwater management plan. 

 

4.1.2 Local Legislation and Existing Development 

 The second legislative issue exists at the local level and draws closer to 

the heart of the problem.  Currently local policy does not provide a vehicle for 

improvement of stormwater systems in existing developments unless the system 

fails and requires repair.  The result is that existing developments do not enter the 

stormwater improvement system, funds are not allocated and plans are generally 

not made. 

This would appear to be a real-life application of the old saying, “if it ain’t 

broke, don’t fix it.”  However, when dealing with large stormwater systems and 

their aging infrastructure, a better management tactic may be to provide a 

legislatively established method by which these existing developments can begin 

                                                 
4 Thrash, Joel P..  “Ecologically Functional Stormwater Basin Retrofits.”  Stormwater.  May 2007.  

(http://www.stormh2o.com ) 
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the process of planning, fund-gathering and phased implementation of new, LID-

based on-site stormwater management systems, before their existing systems 

break.  It is, after all, inevitable that our infrastructure will require replacement. 

One method of addressing this issue as a proactive approach to 

infrastructure replacement would be for local governments to create a division, 

group or organization specifically geared towards the replacement and redesign of 

aging stormwater infrastructure.  Once created, this division would be in charge of 

producing local area information on material types, age and expected date of 

replacement for existing municipal stormwater infrastructure.  This information 

would allow for the creation of a schedule of replacement, hopefully well in 

advance of the need for replacement.  Finally, the local jurisdiction would require 

that a specified amount of LID on-site stormwater management structures and 

BMP’s be incorporated into the replaced/redesigned system. 

As with most stormwater management plans, the one described above 

would work best if implemented at a watershed scale.  This would mean that local 

governments in a given region would need to coordinate their efforts and help 

each other through research and information exchanges.  The next section 

discusses regional planning districts as a method of achieving this goal.  

 

4.1.3 Regional Water Planning Districts 

The two legislative problems discussed above can be addressed through 

the creation of regional water planning districts.  A multi-municipal planning 

organization can promote the adoption of environmentally sound concepts, such 
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as LID and on-site stormwater management retrofitting, into local government 

policy at a regional scale.  As well, model ordinances can be proposed to 

implement a system of identifying, funding and planning for the replacement of 

existing, aging stormwater infrastructure with more effective on-site stormwater 

runoff pollutant removal solutions. 

The Metropolitan North Georgia Water Planning District (MNGWPD) is 

the first of this type of organization in the state of Georgia.  Created in 2001 by 

the Georgia General Assembly, the MNGWPD exists to establish policy, create 

plans and promote intergovernmental coordination of all water issues in the 

District from a regional perspective.5  It encompasses 16 counties within the 

metropolitan Atlanta area, where nearly half of the state’s entire population 

resides.  This organization has already proposed a Watershed Management Plan, 

as well as six Model Stormwater Management Ordinances to be adopted by all 

District members. 

The MNGWPD also promotes use of the Georgia Stormwater 

Management Manual (GSMM), commonly referred to as the Blue Book.  

Released in 2001 by the Atlanta Regional Commission (ARC) not long before the 

MNGWPD was made official, the GSMM was developed as a three volume guide 

for local governments, land developers, businesses and citizens.  It covers basic 

stormwater principles, legislation, minimum standards for new development and 

redevelopment, better site design practices, maintenance information and 

pollution prevention practices.  This being said, it is important to realize that the 

                                                 
5 Metropolitan North Georgia Water District  

(http://www.northgeorgiawater.com/html/aboutus.htm ) 
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GSMM is not in fact a state document.  It has jurisdiction only in those 

municipalities that adopt it, and its adoption is entirely voluntary.  The GSMM 

also lacks specific information for regions other than those within the ARC 

jurisdiction, such as the coastal plain.  Future supplements to the GSMM will 

likely begin addressing these omissions but the document is still far from 

becoming a state sanctioned manual. 

The GSMM has been adopted by many municipalities in Georgia as the 

definitive guide to stormwater management design, implementation and 

regulation, but many of them have yet to see a single project incorporate a 

significant amount of what the GSMM calls structural stormwater controls.6  In 

addition, existing development retrofit projects are not even referenced.  

Obviously, more support for these types of systems is necessary.  The solution 

could be the creation of more regional water planning districts, like the 

MNGWPD, over the rest of the state.  This would make the spreading of 

information and support of future retrofit concepts and policy possible state-wide. 

 

4.2 Stormwater Retrofit Program Funding 

The next question is of course, where would the money come from?  Funding is 

what makes stormwater management plans, municipal or otherwise, possible.  Without 

allocated funds any new stormwater systems or improvements to older systems would not 

be possible.  The acquisition of appropriate funds can be achieved in many different ways 

at all levels of government. 

                                                 
6 Georgia Stormwater Management Manual, vol.2   Georgia:  Atlanta Regional Commission. (2001) 3.1-1. 
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Once a stormwater retrofit program has been established in a jurisdiction the 

stormwater utility in charge must secure the necessary funds for the program.  There are 

many different ways of acquiring funding for government programs.  This thesis will 

focus on those that would seem to be the most amenable to a public stormwater retrofit 

program; these are:  general revenue appropriations, SPLOST funding, utility user service 

fees, federal 319(h) grants, Community Development Block Grants (CDBG), and private 

funding sources. 

 

4.2.1 General Revenue Appropriations

 General revenue appropriations are traditionally the most common source of 

funding for stormwater projects, as well as operations and maintenance costs.  The 

money comes “from taxes (e.g., property, sales, and income), exactions (e.g. franchise 

fees on utilities), and federal/state revenue sharing, and are simply appropriated for 

specific purposes … through the normal budget process.”7  Because this is the general 

city or county tax fund, stormwater has to compete for funds with all other governmental 

departments.  This means that it is unlikely that general revenue appropriations alone 

could fund a growing stormwater program.  Extra funds must be acquired from a 

different location. 

 

4.2.2 SPLOST Funding

 The Special Purpose Local Options Sales Tax (SPLOST) is typically a one 

percent sales tax that is voted on by residents of a county.  The revenue created can pay 

                                                 
7 National Association of Flood and Stormwater Management Agencies.  Guidance for Municipal 

Stormwater Funding.  (January 2006)  2-10. 
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for specified capital improvement projects within the area of tax collection.  In order for a 

project to receive these funds, the residents of the local area must first vote for the 

project’s approval.  A SPLOST program is typically voted on for renewal every four to 

five years, depending on the county. 

 The key to acquiring SPLOST program funds allocated towards a stormwater 

retrofit program is public awareness, education and involvement.  Since it is the taxpayer 

who decides whether or not to even allow a SPLOST program, the stormwater utility 

should work to educate the public about the necessity for existing stormwater system 

retrofitting well in advance of a SPLOST vote.  A plan of action spanning the length of 

the SPLOST collection period would boost public confidence in the stormwater utility’s 

ability to complete any proposed retrofits in time and with the funds generated. 

 One drawback to the SPLOST is its time frame.  Because revenue is collected as a 

sales tax, funds would not be immediately available for use.  One way most 

municipalities deal with the lag time is through the use of bonds that can be established in 

anticipation of future revenue. 

An example of the use of SPLOST funding to implement a stormwater retrofit 

project occurred between 2005 and 2007 in Athens, Georgia.  Excessive flooding of 

Lumpkin Street, an arterial that connects the University of Georgia (UGA) to downtown 

Athens, promoted collaboration between the Unified Government of Athens-Clarke 

County and UGA to devise a solution.  The final design involved the installation of 

several bioretention areas along the roadway designed to filter and treat polluted runoff 

from Lumpkin Street.  Project funding was primarily provided by the city-county 

government through SPLOST, in return for use of UGA land to install the bioretention 
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areas.  UGA also agreed to regularly maintain the bioretention areas.  To date, the project 

has been successful at completely eradicating flooding on Lumpkin Street.8

 

4.2.3 Fee-Based Funding 

This is one of the most popular methods of funding the operations and 

maintenance of a government run stormwater utility.  In general, fee-based funding 

requires the creation of a stormwater user service fee, to be paid to the local stormwater 

utility.  In the past the demand a property placed on a system had been measured in terms 

of the peak flow of stormwater runoff generated by the property; the greater the flow, the 

greater the use and thus the greater the user fee.  However, new stormwater user fees are 

typically calculated using two other major components:  volume of runoff and pollution.  

At the end of 2007 it was estimated that over 600 local stormwater utilities existed in the 

United States, with many more in the planning stages. 9

 Utility user fees have proven themselves reliable and stable forms of revenue.  As 

well, equitability of charges and revenue sufficiency to support a growing stormwater 

program make it a popular choice for local governments that have recently fallen under 

NPDES Phase II regulation.  An example of this method’s success is the city of Griffin, 

Georgia:   

In 1992 the City of Griffin was faced the challenges of undersized 

infrastructure, the lack of storm drainage systems, and the condition of the 

system was in bad repair.  Furthermore, Griffin had been identified as a 

                                                 
8 Sniff, Daniel E., Johnson, Ralph F., Kirsche, Kevin M., Adams, P. Dexter.  Testing the Waters:  Lessons 

Learned through Innovative Town-Gown Partnerships.  Athens, Georgia:  Athens-Clarke County.  
2005. 

9 Reese, Andrew J..  “Stormwater Utility User Fee Credits.”  Stormwater.  November-December 2007. 
(http://www.stormh2o.com ) 
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NPDES Phase II candidate and the City was identified as a contributing 

source to a listed stream segment under EPA 303 (d). Griffin began to 

investigate their options for funding of the non-point source program.  

After [due] diligence and several years of program review, the City of 

Griffin concluded that the best way to establish a permanent program was 

to create an enterprise fund and establish a Utility in 1998, Georgia’s first. 

The Stormwater Utility has paved the way for GIS Inventory and 

mapping, Hydrologic and Hydraulic modeling, Watershed Assessments 

and Capital Improvement Planning, not to mention the daily operation and 

maintenance of the storm sewer system.  This proactive approach to 

dedicated funding has enabled Griffin to pursue other support funding 

sources and revenues. 

The Utility produces a revenue stream of 1.3 million dollars 

annually. Its user fee is set at $2.95/ERU and the Equivalent Residential 

Unit is 2200 square feet.  The system has around 35,000 ERU’s. The 

Utility has no exemptions and also has a credit mechanism for detention, 

education and soon to be water quality.10

It is this funding method’s ability to support a developing stormwater program what 

makes it an obvious choice to fund special stormwater projects, such as on-site retrofits in 

existing developments.  One drawback is that growing a stormwater program would 

likely require increasing the user service fee since some sort of stormwater fee is already 

in effect in many places.  Extra funds could perhaps come from a fee imposed on the 

                                                 
10 Keller, Brad D.  Funding of Non-Point Source Program’s “Stormwater Utilities” – The Griffin 

Experience.  2001.  (http://www.griffinstorm.com ) 
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amount of turf area on a property; as it has been shown that turf care in the form of 

fertilizers and pesticides make up a large part of non-point source pollution, a turf 

maintenance fee could be well supported from a stormwater runoff pollution standpoint.   

Of course, any added fees would have to be combined with an educational campaign 

explaining the necessity of funds to help prevent non-point source pollution.  The fee 

along with the knowledge could galvanize the public into action to help mitigate the 

problem through the replacement of turf area with native plantings that require less 

chemical care, and perhaps reduce or remove the fee as a form of compliance credit. 

 Fee-based funding can be a very flexible system depending on the governing 

authority.  It can be tailored to virtually any stormwater program and it is a keenly 

noticeable way for the general public to become aware that there is a stormwater runoff 

pollution problem, as well as what is required to begin the mitigation process. 

 

4.2.4 Federal 319(h) Grant Funding 

 When the Clean Water Act was amended in 1987, one of the new 

provisions was section 319, the Non-point Source Management Program.  This 

program provides grant money to the states to implement non-point source 

projects and programs.  The grant funds are then distributed across the state.  An 

example of the use of 319(h) funds in Georgia was carried out by the city of 

Griffin.  In their efforts to mitigate the pollution in urban stormwater runoff, they 

used 319(h) funding to create a constructed wetlands that would receive and treat 

runoff from 180 acres of urbanized land.11

                                                 
11 Keller, Brad D.  Funding of Non-Point Source Program’s “Stormwater Utilities” – The Griffin 

Experience.  2001.  (http://www.griffinstorm.com ) 
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319(h) grant funding would be helpful in supporting the implementation of 

larger stormwater related projects, such as a regional stormwater retrofit initiative, 

rather than working at the local level on specific retrofit projects.  This type of 

funding would support example stormwater management applications, such as the 

one in Griffin, GA.  A regional water planning district would be essential in 

securing this type of federal fund, as the area benefiting from the funding would 

be greater. 

 

4.2.5 Community Development Block Grant Program (CDBG)

 The CDBG program is a flexible program that provides communities with 

resources to address a wide range of unique community development needs.12  

Many of our older suburban communities in need of significant infrastructure 

repair and restoration can benefit from the different types of programs provided 

through CDBG.  The retrofitting of stormwater systems in these areas can be part 

of a larger renewal initiative which combines road work with other public works 

projects that are also eligible for funding through CDBG.  This would help further 

the region’s goal of reducing non-point source pollution in residential areas, as 

required by NPDES Phase II regulation. 

Including an on-site stormwater retrofit installation in a community 

development project can also help create public interest in environmental 

endeavors.  When properly designed these on-site, low-impact stormwater 

management structures can also act as landscape improvements that are 

                                                 
12 Community Development Block Grant (CDBG) Programs – CPD – HUD 

(http://www.hud.gov/offices/cpd/communitydevelopment/programs/ ) 
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aesthetically appreciated by the entire community.  If a stormwater utility fee is in 

effect, a stormwater retrofit provided through CDBG could be the source of a 

neighborhood-wide stormwater credit, further supporting community 

development through financial incentives. 

As with other funding sources, Community Development Block Grants are 

rarely by themselves enough to fund large multi-faceted projects.  It would be 

especially difficult if one CDBG were being used to complete several large 

renewal and restoration projects at once since the fund amount is finite.  A 

combination of funding sources is generally the best way to ensure a project is 

properly carried out and finished on time. 

 

4.2.6 Private Funding

 The world of private funding is also a viable source of income for a 

fledgling stormwater retrofit program.  There are myriad organizations willing 

and able to provide money in the form of grants, loans and trusts for the furthering 

of environmental endeavors.  Some examples are: 

 America’s Charities 

 Philip Morris Companies Inc. – one of the largest supporters of 

environmental protection and conservation causes. 

 Turner Foundation – specific focus on water environmental goals.13 

This type of funding may be more appropriate as primary donation for a single 

large stormwater retrofit project and more than likely would need to be combined 

with one of the other funding methods described above.  Conversely, private 
                                                 
13 Program/Project Funding:  Polluted Runoff (http://www.epa.gov/nps/capacity/funding.htm ) 
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company fund drives could provide money for smaller retrofitting or restoration 

projects. 

 The six different methods of funding studied and described above are by 

no means a definitive list of funding possibilities.  Regardless of what single 

funding source or combination of funding sources a municipality chooses to fund 

their stormwater retrofit program, there should always be a funding strategy in 

place to guide the acquisition and distribution of funds.  A stormwater program 

should always define whether the funding program will be expensed (“pay-as-

you-go”) or debt based.    Linkages and dependencies between funding sources 

and projects also need to be identified to ensure that the proper funds are being 

utilized accordingly.  Funding resources must also be dedicated and stable in 

order to avoid over-budget situations.  Above all else, the municipality must take 

into account community expectations and public support.  Most funding methods 

are at least partially dependent on public education and support. 

 

4.3 Public Support and Stormwater Retrofits 

 Public support, involvement and education are the keys to the overall success, 

longevity and financial robustness of any stormwater management plan.  Without strong 

public support, funding for all parts of the stormwater management plan would suffer.  

The public must be educated and integrated into any stormwater plan so that they can be 

the entity that creates impulse for future stormwater management paradigm shifts. 
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4.3.1 Educating the Public

 Involving the public in watershed protection efforts is crucial because it promotes 

broader public support, helps create an ethic of stewardship and community service, and 

enables the public to make informed choices about resource management.14  Since both 

Phases I and II NPDES stormwater regulations require communities to develop and 

implement public education and outreach programs, most regulated local governments 

have already established environmental public education initiatives.  Programs such as 

the Clean Water Campaign, Atlanta Stream Clean-Up, Pollution Prevention Assistance 

Division (P2AD), and others make sure that the public has accurate information about the 

dangers of non-point source pollution, as well as teaching about watershed health and 

how individuals can help mitigate non-point source water pollution. 

Since the educational vehicle exists, any new programs or initiatives – such as 

promoting a new stormwater retrofit division – should work with existing programs to 

include information about the stormwater retrofit program.  This would help cut initial 

start-up costs, provide an already created list of recipients and promote cooperation 

between different environmental groups, perhaps creating a much stronger united front.  

A coordinated voice also helps reduce the incidence of confusion due to multiple sources 

of information.   

 

4.3.2 Voluntarism and Community Service

 Local governments and environmental organizations should work to promote a 

higher incidence of voluntarism and community service within stormwater management.  

                                                 
14 CH2MHILL.  District-Wide Watershed Management Plan – Final Report.  Atlanta, Georgia:  

Metropolitan North Georgia Water Planning District.  (September 2003) 7-2. 
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This is a good way to bridge the gap between the education provided and the reality of 

stormwater non-point source pollution.  Events such as storm drain tagging/stamping and 

neighborhood-oriented street and gutter clean-ups add to the awareness created through 

stormwater education initiatives, further developing a sense of stewardship and 

responsibility for the land.  Local or neighborhood-based volunteer efforts can make the 

residents of an area more aware of their own natural resources, such as streams and flood 

plains.  Volunteers also help to spread information about the importance of preventing 

non-point source pollution by word of mouth.15  This “grass-roots” informational chain 

can be more effective than traditional educational methods, as people have a tendency to 

listen to their family and friends more intently than impersonal pamphlets and television 

commercials. 

A stormwater retrofit volunteer organization would be greatly beneficial to the 

stormwater utility.  In the beginning of the retrofit program these volunteers could be 

trained to locate and identify stormwater systems across the entire municipality, gathering 

the necessary data to create the initial replacement and retrofit schedule.  Once the 

projects begin, these volunteers could help by spreading the word about stormwater 

retrofitting by speaking at schools and civic association meetings.  Volunteers could help 

finish out retrofit projects by helping to plant any prepared bioinfiltration basins, saving 

the stormwater utility on labor costs and helping the neighborhood attain its service fee 

credit. 

Monitoring and maintenance of newly installed stormwater retrofit facilities may 

also benefit from help of volunteers.  Once trained in the proper way to maintain the 

                                                 
15 Rafter, Dan.  “The Importance of Volunteers.”  Stormwater.  May 2007.   

(http://www.stormh2o.com ) 
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BMPs, volunteers can go out and help residents learn to maintain them themselves.  For 

BMPs that remain under the control of the stormwater utility the volunteers could 

visually inspect and/or provide maintenance on a scheduled basis, ensuring that the water 

quality control structure retains its maximum capacity to reduce non-point source 

pollution.  Volunteers can be a valuable commodity for a stormwater utility as well as the 

entire watershed. 

 

4.3.3 User Fee Credit

 Public support for stormwater retrofit projects can also be encouraged through 

various incentive programs.  Citizens tend to respond favorably to financial incentives.  

Mentioned several times throughout this chapter and one of the most commonly 

implemented forms of financial incentive, is the user service fee credit which will now be 

explained.  These credits are one of the few methods stormwater utilities have to 

encourage sound development using a “carrot” instead of a “stick.”16  A user service fee 

credit is presented as a method for a property owner to reduce the fee they would 

otherwise pay.  The application of these credits can be based on any number of reasons 

from property location to type of property; some are purely political.  This can bring up 

questions of fairness with regard to who receives a credit, so if a stormwater utility is 

considering the use of a fee credit, the rules regarding its application should be clear and 

concise, with a solid methodology and rigid enforcement.  In essence:  credits should be 

earned, not given.   

                                                 
16 Reese, Andrew J..  “Stormwater Utility User Fee Credits.”  Stormwater.  November-December 2007. 

(http://www.stormh2o.com ) 
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 Utility user fee credits are already offered as real incentive for the personal 

installation of on-site stormwater BMP’s.  The key to a successful credit program is the 

amount of credit offered.  Many utilities limit the amount of credit that a residential client 

can receive from BMP installations to around 10% of the fee.  This may not be enough to 

truly reward a property owner.  According to studies gathered by the EPA, the estimated 

cost of installing a bioinfiltration basin with the capacity to treat 100 cubic feet of runoff 

is approximately $700.17  Now consider the following example: 

A residential lot with a total area of 39,147sf, or 0.898 acres, contains 

4,069sf of impervious cover, approximately 10.39% of the site.  Using the 

formula provided by the GSMM to calculate the Water Quality Volume18 

use to size a BMP, we arrive at 0.129acft, or 561cuft of treatable water.  

Now, if we calculate the cost of construction, design and permitting using 

the formula provided by the EPA, we arrive at an estimated cost of 

$3,844.11. 

If the stormwater fee is calculated to be $0.77 per 100sf of impervious 

surface, the property owner would owe $40.69 in fees.  A 10% credit 

would save him $4.07 per year, if the fee base remained static. 

The cost of designing, permitting and constructing the BMP is a significant amount for 

the property owner to incur, and does not include future maintenance costs.  A larger 

credit, more appropriate to the amount spent, would allow the property owner to feel 

vindicated for his actions.  He may then be compelled to speak about his experience in a 

positive and constructive way that might convince other people to follow in his footsteps.  

                                                 
17 EPA – Stormwater Menu of BMP’s 

(http://cfpub.epa.gov/npdes/stormwater/menuofbmps/index.cfm?action=min_measure&min_measure_id=5 ) 
18 Georgia Stormwater Management Manual, vol.1   Georgia:  Atlanta Regional Commission. (2001) 4-13. 
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An appropriate financial reward is a critical issue that must be clearly addressed if fee 

credits are to play a significant part as incentives for stormwater retrofitting.  The main 

reason for implementing user fee credits is to get more stormwater quality management 

controls into the ground. 

 

4.3.4 Neighborhood Retrofit Credit

 The same idea of a user fee credit described above could be applied at the 

neighborhood or small community level.  A neighborhood retrofit credit could be offered 

as an incentive for entire communities to participate in the stormwater retrofit initiative, 

either under the utility or on their own.  An appropriate credit amount combined with 

informational and educational initiatives could work to motivate the neighborhood to 

gather enough funding for a planning effort towards the implementation of on-site 

stormwater management structures over the entire area.  These would act as a treatment 

train (a connected group of stormwater quality controls) for the neighborhood watershed.  

The goal would be to treat runoff from the maximum amount of impervious surface and 

reduce the amount of non-point source pollution as much as possible.  Neighborhoods 

that undertake this challenge could later be used as demonstration projects by the utility 

and/or as an educational tool to promote further support of the program. 

 

4.4 Observations

 The three topics studied above are almost impossible to study independently of 

each other.  Each exerts influence and pressure on the others in a multitude of ways.  

Legislation can give or take away funding sources for the development of a stormwater 
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utility and its various programs.  Unless there is a legislatively defined vehicle for 

stormwater retrofit projects under the utility, money cannot be allotted to that end.  Public 

support can mean the success or failure of a stormwater retrofit division.  With enough 

public involvement funding can be secured for a special or demonstration project.  There 

are many ways in which these three aspects can interact and affect each other.  A proper 

stormwater retrofit initiative takes into account all of these factors and uses them to its 

advantage: 

 Promote legislation that facilitates stormwater retrofitting in residential areas; 

 Gather funding sources that will provide the necessary capital to support the 

program; set up reliable and equitable resources; seek grant funding; 

 Work with existing stormwater support and education organizations to provide 

private property owners, civic associations and Home Owners Associations with 

information about residential stormwater retrofitting possibilities; offer 

appropriately rewarding incentives. 

There are communities around the country that have already taken the steps and 

implemented stormwater retrofit projects.  The next chapter presents three case studies of 

successful stormwater retrofits. 
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CHAPTER 5 

CASE STUDIES IN URBAN STORMWATER RETROFITTING 

 

As seen in Chapter 3, many obstacles still exist on the way to wide-spread 

effective stormwater retrofit programs.  While many municipalities have begun requiring 

the use of stormwater best management practices (BMPs) in new construction in order to 

address water quality issues, as well as to encourage groundwater recharge and 

subsurface outflow, few places have government sponsored programs in place promoting 

the use of on-site stormwater quality management structures in existing developments.  

Few incentives exist to motivate municipalities or private land owners to do something 

about water quality in their areas beyond the minimal.  Most of the stormwater 

management systems built prior to water quality regulations were intended to efficiently 

move water out and away from a site as quickly as possible, with minimal concern to 

non-point source pollution.  So while new development is being strongly encouraged to 

do as much as possible to clean up and filter its runoff, existing development still catches, 

collects and conveys its runoff – pollutants and all – through impervious pipes and out 

into overland streams and rivers. 

While few, the number of communities addressing the problem of existing 

development runoff is steadily growing due to an ever expanding knowledge base and 

increased sense of environmental responsability.  This chapter looks at a few examples of 
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proactive locales across the United States with well-developed stormwater management 

initiatives with a primary focus on existing stormwater retrofits. 

 

5.1 Portland, Oregon – Green Streets Program 

The Green Streets program in Portland, Oregon, is an excellent example of a 

municipal government taking the lead in promoting and incorporating the use of 

sustainable stormwater strategies primarily in urban public and private development.  A 

little over ten years ago, at about the time NPDES Phase I was implemented, the city 

began looking for ways to manage stormwater runoff in order to reduce combined sewer 

overflows (CSO) into the Willamette River.  Typical solutions such as detention vaults 

and stormwater ponds were not feasible due to a lack of large open space in the 

metropolitan center.  Since then, the city has creatively converted a growing number of 

locations using a variety of BMP’s, under the guidance of the Green Streets program. 

This program falls under the Portland Bureau of Environmental Services, a local 

government agency that combines water quality protection, economic development and 

stormwater and sewage collection.  The official program was developed in 2005 and 

2006 by a coalition of city staff members from all public works departments.  The charge 

came down from the city Commissioner, Sam Adams, and the task was to create a 

“programmatic approach to implementing green streets elements as a component of street 

projects wherever feasible, and to increase feasibility by identifying solutions to current 

implementation issues and challenges.”1  This task would have two phases:  Phase I was 

to identify opportunities and challenges, and to recommend solutions for key issues; 

Phase 2 looked at potential options for moving forward with implementing a broader 
                                                 
1 City of Portland, Oregon.  Green Streets Cross-Bureau Team Report Phase I.  (March 2006) 1. 
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green streets program, and scoping what a green program could look like over the next 5 

to 10 years. 

This multi-departmental group effort yielded the structure for the Green Streets 

program.  The program resolution, report and policy were approved by the Portland City 

Council in April 2007.  Construction regulations and specifications, a stormwater 

management manual, educational initiatives and funding strategies were devised, giving 

the program a good head start.  Today “Portland prides itself on being a leader in using 

strategies that manage stormwater runoff, enhance community and neighborhood 

livability, and strengthen the local economy.”2

A significant characteristic of the Green Streets program is that one of its 

potential focus areas of implementation was retrofit applications.  Portland is a densely 

built city which means retrofits play a large part in their stormwater management 

strategy.  This means many of the demonstrative installations around the city are retrofits 

of existing systems that capture runoff and infiltrate it at the site.  In order to comply with 

Green Streets aesthetic standards these retrofits often take the shape of bioinfiltration 

basins, or rain gardens.  Monitoring of these structures has generally shown that proper 

design, installation and maintenance often yield better than expected results in infiltration 

capacity and volume reduction capacity.  Currently few of these facilities receive water 

quality sampling due to the cost of monitoring. 

The Green Streets program presents an excellent example for other municipalities 

interested in implementing a progressive stormwater management department.  Appendix 

A of this thesis provides project reports for two of the oldest Green Streets projects as 

                                                 
2 Green Streets (http://www.portlandonline.com/bes/index.cfm?c=44407 ) 
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typical examples:  NE Siskiyou Green Street Project and SW 12th Avenue Green Street 

Project. 

 

5.2 Kansas City, Missouri – 10,000 Rain Gardens

 The Kansas City 10,000 Rain Gardens program emerged as part of a response to 

aging stormwater and wastewater infrastructure.  Some parts of the municipal stormwater 

and wastewater system have been in place for 100 years.  Kansas City’s Wet Weather 

Program assessed the infrastructure situation and developed KC-ONE, a comprehensive 

plan for stormwater management throughout the city and its suburbs.  This plan’s mission 

is to create “one Plan, one People, and one Voice for the management of stormwater in 

Kansas City.”3

In April 2005 this initiative succeeded in getting voters to approve a $500 million 

bond issue that will fund new and improved water infrastructure for Kansas City.4  Even 

with this vote, the planned infrastructure changes will take years to implement.  The idea 

for 10,000 Rain Gardens was hatched at a Stormwater Coordination Meeting in May 

2005, and was proposed as a method of taking care of stormwater during the lengthy 

process of infrastructure changes.  The project was launched six months later at a 

regional rally by former mayor Kay Barnes, Jackson County Executive Katheryn Shields 

and Johnson County Commission Chairman Annabeth Surbaugh. 

Today, 10,000 Rain Gardens is a regional effort dedicated to educating citizens 

about water quality and what they can do to prevent non-point source pollution in 

                                                 
3 KC-ONE – Stormwater Management Plan 

(http://www.kcmo.org/water.nsf/web/kconehome?opendocument ) 
4 Buranen, Margaret.  “Rain Gardens Rule.”  Stormwater.  May 2008.       

(http://www.stormh2o.com/may-2008/rain-gardens-management.aspx ) 
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stormwater runoff.  The program provides detailed information about the design and 

installation of residential rain gardens in the region for the use of residential land owners.  

Rain barrels are also heavily promoted as methods of reducing both municipal water 

usage and stormwater runoff.  By 2010, the program hopes to reach its target goal of 

10,000 rain gardens in the city and surrounding suburbs.  As of early 2008, officials 

believed there to be at least 1,000 rain gardens in place. 

The 10,000 Rain Gardens program is an excellent example of a successful 

aggressive education and public support campaign for on-site stormwater retrofitting.  

Although it was started by city officials, it has turned into a grassroots initiative and is 

now heavily supported by the citizens of the entire community.  All types of properties 

are encouraged to participate, from public parks managed by the city to private business 

lots and especially private residential lots where individual owners can decide to support 

the program.  The initial success and continued growth of the program shows how a well-

defined educational initiative combined with a strong support web can change the way an 

entire region thinks about stormwater management.  Future additions to the program 

include a rain garden registration incentive and specifications and tools for professionals 

in the field of stormwater management design. 

 

5.3 Burnsville, Minnesota – Rainwater Gardens 

 The water quality pilot project performed in Burnsville, MN, during 2002 and 

2003 was largely a study to measure the effectiveness of rain gardens in reducing the 

pollution in and volume of stormwater runoff into nearby Crystal Lake from surrounding 
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suburban areas.  This project was a group effort by the Metropolitan Council, the City of 

Burnsville, BARR Engineering, and the residents of the selected project site. 

In studying this project it is important to understand who all the players are.  The 

Metropolitan Council is the regional planning agency for the seven-county metropolitan 

area of Minneapolis and St. Paul.  It provides a variety of essential services to the area 

and is engaged in an on-going program of research and study concerning the control and 

prevention of water pollution.5  The City of Burnsville is a suburb of the Twin Cities, and 

is one of 30 chosen by the Minnesota Pollution Control Agency (MPCA) to participate in 

a Non-degradation Report for the metropolitan area.  This report required Burnsville to 

perform an in-depth study of the changes in pollution and volume of water contained in 

stormwater runoff resulting from development in the city since 1988.  This Non-

degradation Report also listed past, present and future practices necessary to either return 

pollutant loads to 1988 modeled levels or to minimize the impact of stormwater 

discharges on the receiving waters.6

 Urged on by the necessity to deal with the increasing levels of phosphorus and 

nitrogen as well as other pollutants found in local bodies of water, and specifically in 

Crystal Lake, the Metro Council and the City of Burnsville co-funded a prototypic 

rainwater garden system to infiltrate street runoff.  They hired BARR Engineering, a 

local firm with expertise in implementing ecologically sound stormwater management 

techniques, to perform the rain garden study in order to demonstrate its effectiveness in 

reducing stormwater runoff in a suburban neighborhood. 

                                                 
5 Metropolitan Council – About the Council (http://www.metrocouncil.org/about/about.htm ) 
6 Burnsville, MN – Official Website – Nondegradation Report 

(http://www.ci.burnsville.mn.us/index.asp?nid=659 ) 
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The first order of business was to secure the funds for the project.  Leslie Yetka, a 

water resource specialist for the city, secured $30,000 from the city’s general fund and a 

$117,000 grant from the Metropolitan Council.  The total $147,000 budget limited the 

project’s options somewhat.  Also, as in the Green Streets project studied above, large 

tracts of open land were not available for the installation of stormwater ponds or 

detention vaults.  The solution was to treat runoff at its source by using on-site 

stormwater management structures, so Yetka’s approach focused on installing a rain 

garden at every home. 

Initial technical research and support on possible stormwater-treatment practices 

at the residential-lot level was conducted by the Dakota County Soil and Water 

Conservation District.  With this information, Leslie hired BARR Engineering to help 

identify a treatment technique within the scope of funding would result in the greatest 

reduction of runoff.7  Together they decided that rainwater gardens offered the most 

promising solution.  BARR agreed to design the rainwater gardens, select landscape 

plantings, and work with Leslie in educating the homeowners and overseeing the 

construction process. 

Selecting the project neighborhood involved a significant education and 

awareness effort by the City in the form of community meetings, informational flyers and 

pamphlets discussing the project and its necessity in order to mitigate pollution in runoff.  

Soil testing and analyses were also conducted to determine geographic suitability of 

neighborhoods around Crystal Lake.  Out of the three potential sites identified by the 

geographic analysis, one street was chosen based on an estimated 85% volunteer 
                                                 
7“Burnsville Rainwater Gardens.”  Land and Water.  v. 48 no. 5.  

(http://www.landandwater.com/features/vol48no5/vol48no5_2.php ) 
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participation of street residents.  The rain garden plan called for 17 gardens in 14 lots; 

four of those gardens would be in back yards.  Another street was chosen as the control 

site for the experiment. 

In order to produce accurate performance results, the next step was to gather two 

seasons worth of stormwater data for both the project site and the control site.  Gages 

were installed to measure runoff volume and would be used again after installation to 

determine how successful the gardens were at reducing runoff.  The gardens were then 

engineered for appropriate water reception using curb cuts, safety and aesthetic 

considerations.  They were sized appropriately to treat the water quality volume, or first 

flush, of smaller 85th-percentile storms.  City easements and utility right-of-ways 

provided the space for garden installation and soil amendments were used where 

necessary to aid infiltration and drainage. 

The plantings and resulting landscapes used in the gardens were a result of 

extensive communications between the landscape architect and the home owners.  Earlier 

in the process it had been agreed upon by all parties that the long-term maintenance of the 

gardens would be the home owner’s responsibility.  This decision resulted in the majority 

of the gardens being planted with less labor-intensive perennials and shrubs.  The actual 

construction work was bid out and won by a local landscape business, Mike’s Lawn and 

Landscape.  They completed the work for less than the $50,000 budget.  Gardens were 

planted in September 2003 by the community, city employees and some volunteers from 

BARR.  After the plantings were established, curb cuts were made to allow water from 
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the street to enter the rainwater gardens.  Study results show immediate runoff volume 

entering Crystal Lake dropped by 90%.8

This project is a textbook example of a successful stormwater retrofit 

collaboration.  State, regional, city, private consultant and resident were intimately 

involved in the design and implementation of this pilot study in the effectiveness of 

bioinfiltration basins, or rain gardens, to reduce the runoff volume of a suburban 

residential neighborhood while treating for stormwater pollution at the same time.  The 

results are encouraging for other municipalities looking for ways to effectively reduce 

stormwater volume and pollution through more natural and cost-effective methods.  

Appendix B of this thesis contains more information on the process, implementation, cost 

and resultant data from this study. 

 

5.4 Observations

 The three examples studied above provide three very different but effective 

methods of municipal stormwater management through the use of on-site stormwater 

management.  While every place is different and warrants individual research and in-

depth study before undertaking any stormwater management program, these three 

examples provide valuable insight and information.  The third example is especially 

pertinent to this thesis.  The methods used in the Burnsville pilot study provide a solid 

base on which to base the following application of the ideas presented in the preceding 

chapters. 

                                                 
8 BARR Engineering Company.  Burnsville Stormwater Retrofit Study.  Burnsville, MN: City of Burnsville.  

June 2006. 
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CHAPTER 6 

STORMWATER RETROFIT PROJECT APPLICATION: 

WOODS OF HABERSHAM SUBDIVISION, ATHENS, GA 

 

The purpose of this project is to determine the possibilities of retrofitting a 

suburban residential neighborhood in the Piedmont region of Georgia with LID-based 

stormwater management controls.  Project costs will be estimated in order to provide a 

basis of comparison to other stormwater projects.  Two project studies will be established 

in which the difference will be the amount of impervious area being treated.  The first 

study will treat only roadway and driveway pavement through the use of bioretention 

cells in the right-of-way.  This study assumes houses in the neighborhood have 

disconnected roof drainage that is expelled onto pervious surfaces.  The second study will 

calculate the water quality volume of all impervious surfaces on the site.  Bioretention 

cells placed strategically in both front and back yards to catch roof runoff, as well as in 

the right-of-way to treat pavement runoff, will be used in design examples. 

 

6.1 Regional Analysis 

 The Woods of Habersham residential subdivision is located in Clarke County, 

Georgia, approximately five miles southeast of Athens, the county seat (Figure 6.1.1).  

Established in 1996, the subdivision was built in three phases and was not completed 

until late 2001.  Prior to development, the area was heavily forested with some dirt 
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pathways traversing its area.  Houses are built of varying materials including brick, 

stucco and wood siding with real estate prices ranging between $150,000 and $200,000. 

 

Figure 6.1.1 – Vicinity Map for the Woods of Habersham Subdivision, Athens, GA1

                                                 
1 Portions of this map were acquired from Google Maps (http://maps.google.com/maps?hl=en&tab=wl ) 
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This subdivision was chosen primarily because of its density.  It is zoned Single-Family 

Residential with a minimum lot size of 25,000sf2 (RS-25).  With a total area of 

3,809,625.15sf (87.46ac) subdivided into 106 lots the neighborhood density comes to one 

residence for every 35,940sf (.83ac).  This density should provide enough land for the 

installation of bioinfiltration cells.  More importantly, the minimum allowed street 

frontage per lot is 85ft.  This should provide sufficient areas of continuous right-of-way 

for placement of roadside bioretention basins.  Other factors of importance were the site’s 

pre-development conditions and remaining vegetation, its existing stormwater drainage 

and detention system, topography and site soils.  These and other site characteristics are 

further discussed in Section 6.2. 

 

6.1.1 Soils

Determining the soil at a site is crucial to the design of a water quality control 

system.  Knowing the type of soil at the site allows the designer to determine infiltration 

capability and plan for soil amendments.  Athens is located in the Piedmont region of 

Georgia.  Cecil series soils are dominant in much of this area, with associated series 

found nearby.3  Soils in this area are characterized by an O-horizon of organic materials 

of varying degrees, an A-horizon made up of 6-9 inches of mineral rich soils and a B-

horizon of two to three feet of blocky red clay over a significantly thick layer of saprolite 

(weathered bedrock) stretching down to bedrock.4  The organic layer is most prevalent in 

forested areas with significant leaf cover.  The A-horizon has been eroded over much of 

                                                 
2 Code of Ordinances – County of Athens-Clarke, Georgia 

(http://www.municode.com/RESOURCES/gateway.asp?pid=12400&sid=10 ) 
3 Robertson, Stanley M.  Soil Survey:  Clarke and Oconee Counties, Georgia.  Washington, D.C.:  Soil 

Conservation Service.  1968. 
4 Soil horizon – Wikipedia (http://en.wikipedia.org/wiki/Soil_profile ) 
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the Georgia Piedmont, due primarily to unsustainable farming practices.  These practices 

were curbed in the 1930’s through the efforts of the Soil Conservation Service.  Today, 

increasing urbanization poses as much of a threat to the highly erodible soils of the 

Piedmont as those outdated and irresponsible farming practices. 

 

6.1.2 Precipitation 

 Rainfall for the region is important in determining the suitability of a water 

quality control structure.  A measurable amount of rain falls on about 120 days each year, 

producing between 50 and 55 inches.5  Figure 6.1.2 is a graphical interpretation of 

average annual precipitation in Georgia.  Clarke County is located in the 50 to 54 inch 

region. 

 

Figure 6.1.2 – Average Annual Precipitation:  Georgia.  National Weather Service Forecast Office 
                                                 
5 What’s Typical in North and Central Georgia (http://www.srh.noaa.gov/ffc/html/clisumlst.shtml#sec2 ) 
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While this map provides regional averages of rainfall, it is important to use more exact 

quantities when analyzing a site for stormwater management.  Table 6.1 provides 

precipitation averages for individual months in the city of Athens.  The averages have 

been calculated using 58 years of rainfall information. 

Table 6.1.1 – Average Monthly Rainfall, Athens, Georgia6

 

At the time of the writing of this thesis, Georgia is experiencing one of the worst 

droughts on record.  It is important to consider this information when choosing plants to 

use in bioretention basins or other water quality control structures.  However, it is also 

important to note that droughts are part of the natural cycle of rainfall in any region, and 

stormwater structures should not be designed using solely drought year precipitation 

information. 

 

6.2 Site Analysis

 The following physical site characteristics were documented and analyzed:  

general area calculations, soils and topography, vegetation, drainage, utilities, and 

impervious cover.  This inventory and analysis provided the necessary information with 

which to perform the two studies described above.  Here in follows an analysis of the 

facts.   

 

                                                 
6 Monthly Precipitation, Athens WSO Airport, Georgia –  

(http://cirrus.dnr.state.sc.us/cgi-bin/sercc/cliMONtpre.pl?ga0435 ) 
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6.2.1 General Information 

General site information is included in Table 6.2.1.  Figure 6.2.2 illustrates the 

site area.  Woods of Habersham encompasses a total of 87.46 acres.  The site is 

subdivided into 106 lots averaging 0.73 acres per lot.  This average lot size lends itself 

well to the use of bioretention basins for water quality control, as it falls well within the 

prescribed one-half to two acre limit.7  Compared to surrounding subdivisions, this one 

encompasses the smallest area and has the smallest number of lots. 

 

Figure 6.2.1 – Comparison of Subdivision Sizes in the Surrounding Area 

Even so, a stormwater quality retrofit of the whole site would likely present funding and 

project coordination issues.  

                                                 
7 Georgia Stormwater Management Manual, vol.2   Georgia:  Atlanta Regional Commission. (2001) 3.2-

47. 
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8

                                                 
8 The information for this table was gathered by the author using AutoCAD and GIS files as part of the site 
analysis for this project. 
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6.2.2 Soils and Topography 

Figure 6.2.3 depicts the various soil groups present at the site, while Table 6.2.2 

further defines these soils.  All soils on the site fall within Hydrologic Soil Group B, 

indicating that they are adequate but not optimal for infiltration purposes.  Soil 

amendments would be recommended in the planting area of the bioretention basins.    

The largest soil group, Cecil Sandy Loam at two to six percent slopes provides an 

excellent base for bioretention basins.   

Figure 6.2.4 Approximately 41 percent of the development has terrain of six 

percent slopes or more, making them unsuitable for bioretention basins.  These areas are 

also mostly wooded and undeveloped.  The steepest roadway grades were studied, 

revealing less than six percent slopes along the entire roadway.  Roadside bioretention 

basins are not hindered by the slope. 
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Table 6.2.2 – Woods of Habersham Soils Analysis9

 

                                                 
9 The information for this table was gathered from:  Robertson, Stanley M.  Soil Survey:  Clarke and 
Oconee Counties, Georgia.  Washington, D.C.:  Soil Conservation Service.  1968. 
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6.2.3 Drainage 

 The neighborhood employs a curb and gutter system to convey runoff.  Eight sub-

watershed basins were identified by the development’s hydrology study, three of which 

are studied together in this thesis as basin A.  Basins B, C, and D use dry detention ponds 

to control all but the 50 and 100 year peak rates of flow.  Due to the small amounts of 

roadway paving in basin area A, these do not require detention of runoff in order to 

comply with pre-development limits and are allowed to drain off site.  While water 

quality controls do not generally relate to water quantity issues, the addition of 

bioretention basins to the development will reduce the overall volume of runoff for all 

storm frequencies by a small percent, and may completely control runoff for those storms 

with an 85th-percent chance or greater of occurring. 

 The curb and gutter system in the subdivision is constructed in such a way as to 

guide runoff into the existing pipe system without diversion.  Driveway curb cuts do not 

impede the system’s function by diverting runoff out of the gutter. 
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6.2.4 Vegetation 

 Figure 6.2.6 illustrates the site vegetation, with the shaded region representing 

tree cover.  Vegetation on the site ranges from undeveloped forested areas to manicured 

landscapes.  One area of special interest is the detention pond used by basin B.  Prior to 

development this area was a natural forested ravine.  The first phase of construction for 

the site utilized this area by building a dam where the roadway intersects the ravine.  It 

was unnecessary to disturb the ravine further, leaving a wide swath of forested area in the 

center of the site.  This ravine is part of the 28.12 percent tree cover on the site, most of it 

in existence since before construction judging from the size of some of the trees.  The 

remainder of pervious site, approximately 45 percent, is turf or landscape which provides 

plenty of land for bioretention basins to be installed. 
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6.2.5 Utilities 

 All of the utilities at Woods of Habersham are buried.  Water pipes were located 

using information provided by the Department of Public Utilities in Athens.  These along 

with hydrant locations are illustrated in Figure 6.2.7 below.  Water pipes are buried at a 

minimum depth of 4 ft.  It was not possible to gain access to power, gas, and other buried 

utility information.  Markers at the site indicated the presence of buried electrical lines, 

fiber optic cable, and gas pipes along both sides of the roadway. 

 Buried utilities are typically located in the road right-of-way and this subdivision 

is no exception.  The existence of these utilities presents a challenge to the placement of 

roadside bioretention cells.  Precedent exists for the allowance of utilities within 

bioretention areas,10 however proper precautions should be observed during installation.  

With respect to the utility grid within individual lots, it will be important to locate these 

and avoid them during construction as well.  Each lot must be individually inspected for 

utility location to avoid service disruptions. 

 The treatment of wastewater in this subdivision also presents challenges to the 

placement and effectiveness of bioretention areas.  Houses in this neighborhood use 

septic systems to handle wastewater.  This limits the location of bioretention areas, as 

these cannot be placed within the drain field of a septic system.  While often septic 

systems are located in the back yard of a property, this is not always the case.  It will be 

important to locate the septic tank and field for each property individually in order to 

avoid problems. 

                                                 
10 Winogradoff, Derek A.  The Bioretention Manual.  Prince George’s County, Maryland:   Programs and 

Panning Division:  Department of Environmental Resources.  November 2001. 
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6.2.6 Impervious Cover 

 Percent impervious cover on the entire development was found to be 16.86 

percent, while the amount of impervious cover for the average 0.73 acre lot was 

approximately 0.10 acres.  Of the eight sub-watershed basins established in section 6.2.3, 

basin B had the highest percent impervious cover, while the combined sub-watershed 

basin A had the smallest percent impervious cover.  If phasing of the retrofit project is 

required it would be prudent to divide the work by sub-watershed.  This would ensure 

that the water quality volume for an entire sub-watershed is being managed and would 

prevent the overloading of certain bioretention basins due to inadequate or incomplete 

sub-watershed design. 

Water quality volume calculations are directly linked to the amount of impervious 

surface on a lot.  The necessary bioretention area was determined using the quantities of 

impervious cover listed in Table 6.2.1.   

 

6.3 Study #1:  Water Quality Control for Roadway and Driveways 

 The first study proposes the installation of bioretention cells in the right-of-way 

for the water quality control of the common roadway and driveways only.  The inclusion 

of driveways occurs because most of the driveways in the subdivision contribute runoff 

to the common roadway.  This study assumes that all houses have disconnected 

downspouts that drain onto the landscape.  Were this not the case, roadside bioretention 

basins would be hard pressed to properly treat the prescribed Water Quality Volume.  

While the amount of unpaved right-of-way is nearly three times as much as is necessary 

for water quality control, the right-of-way is not always available where it is needed.  It is 
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interspersed with curb cuts for driveways, breaking the continuity and increasing the 

project costs significantly through the installation of smaller, less effective cells. 

 

6.3.1 Water Quality Volume Site Calculations 

 Water quality volume was calculated for each basin individually, with the 

exception of combined sub-watershed areas in basin A.  To calculate the water quality 

volume contributed by the impervious surfaces only, the study used a drainage area equal 

to the paved impervious cover, provided originally in Table 6.2.1.  This resulted in an 

impervious cover of 100 percent.  Table 6.3.1 provides water quality calculations for each 

basin and will be referenced throughout the study explanation. 

 The formulas used to calculate water quality volume and ponding/filter area are 

referenced from the Georgia Stormwater Management Manual (GSMM) Volume 2, 

Section 3.2.3.  The water quality volume formula was modified to calculate only the 

paved impervious surface water quality volume, as described above.  The ponding/filter 

area formula is not modified beyond the definition of its variables, as stated in Table 

6.3.1.  The formula uses a two day (48 hour) ponding time at a 6 inch ponding depth, and 

takes into account the 0.5 feet/day (0.25 in/hr) hydraulic conductivity of a silt-loam 

planting medium.  The resultant bioretention cell has a smaller area with an available 

ponding depth of one foot.  Using these formulas and assumptions, the study calculates a 

bioretention area of about 110sf per 100 linear feet of roadway.  Due to the central crown 

along the roadway, this area would need to be divided into two areas of about 55sf each, 

one on either side of the road.  To this area must be added the necessary amount of 

bioretention for any driveways that may be contributing runoff. 
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If this were a new development, the resultant ponding/filter area necessary for 

water quality volume treatment in each basin provided in Table 6.3.1 could be designed 

into one or two large water quality treatment control structures per basin.  Because it is a 

retrofit application, roadside bioretention cells are a reasonable alternative. 
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6.3.2 Basin A 

The three combined sub-watershed areas in basin A were treated together here in 

deference to the original hydrology report for the development.  Combined, these basins 

contain a total of 1.25 acres of paved impervious cover (Table 6.2.1).  However, Figure 

6.3.1 illustrates that 0.96 acres of this paved area are assumed to drain into the roadway 

located in basin B and .04 acres are assumed to drain into basin C.  This leaves only 0.25 

acres of calculated paved impervious cover.  Using this total paved impervious area, the 

water quality calculations in Table 6.3.1 result in a total water quality volume of 

approximately 0.02 acre-feet (1,023.0cu.ft.).  The ponding/filter area formula provided in 

the Georgia Stormwater Management Manual Volume 2 allows the calculation of a 

necessary bioretention area of 962.8sf (Table 6.3.1). 

The right-of-way space within basin A is 1.23 acres (51,363.2sf) as listed in Table 

6.2.1, but the majority of this area will be utilized by bioretention cells treating the runoff 

from those pavement surfaces draining from basin A to basin B.  By subtracting the right-

of-way area located in basin A adjacent to the roadway in basin B (45,306.1sf) it is 

possible to calculate the actual unpaved right-of-way area available for bioretention use 

in basin A, at 6,057.1sf.  This should be more than enough to accommodate the 

calculated necessary bioretention area of 962.8sf. 

 77



78



6.3.3 Basin B 

 Basin B has 5.23 acres of paved impervious cover (Table 6.2.1).  Figure 6.3.2 

locates four driveways with a combined area of 0.16 acres within basin B which drain 

into basin C.  This reduces the paved area in basin B to 5.07 acres.  Added to this are the 

driveways draining into basin B from basin A (0.96 acres), to total 6.03 acres of paved 

impervious cover.  Resultant water quality calculations provided in Table 6.3.1 yielded a 

water quality volume contribution of approximately 0.57 acre-feet (24,971.9cu.ft.) which 

is treatable in 23,504.0sf of right-of-way space during a two-day period according to 

ponding/filter area calculations in Table 6.3.1. 

The available unpaved right-of-way area in basin B is 2.34 acres (101,973.3sf).  

To this number is added the right-of-way area in basin A adjacent to roadway, provided 

in section 6.3.2 (45,306.1sf); the right-of-way adjacent to the four driveways draining to 

basin C (8,453.0sf) is subtracted, as this area will be used to treat the water quality 

volume from these driveways.  This yields 138,826.4sf, or 3.19 acres of usable right-of-

way area, more than five times the necessary right-of-way area needed. 
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6.3.4 Basin C 

 Basin C contains 2.24 acres of paved impervious cover.  To this is added the four 

driveways from basin B (0.18 acres) as well as the single driveway from basin A (0.04 

acres), resulting in a total of 2.44 acres of paved impervious cover (Figure 6.3.3).  Water 

quality calculations in Table 6.3.1 yield a water quality volume of 0.23 acre-feet, or 

10,078.0cu.ft.  Ponding and filter area calculations in the same table conclude a necessary 

treatment area of 9,485.2sf.  The available unpaved right-of-way area in basin C is 

44,520.5sf, plus 8,453.0sf from the right-of-way area adjacent to the four driveways 

draining from basin B.  This totals 52,973.5sf of available right-of-way. 
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6.3.5 Basin D 

 Basin D has 0.61 acres of paved impervious cover, as identified in Figure 6.3.4.  

Calculations in Table 6.3.1 yield a water quality volume of approximately 0.06 acre-feet 

(2,541.0cu.ft.) for this area.  Necessary treatment area is calculated at 2,391.5sf, an area 

easily accommodated by the 13,610.5sf of available right-of-way space. 
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6.3.6 Roadside Bioretention Cell Design Example

 The roadside bioretention cells are intended to fit into the right-of-way 

immediately to the side of the roadway.  These structures are designed as on-line cells, 

meaning that while their treatment capacity is that of the water quality volume for the 

85th-percentile storm event, they can also safely allow the passage of storm flows from 

larger storms if necessary.  Figures 6.3.5 and 6.3.6 along with Table 6.3.2 illustrate the 

design of a roadside bioinfiltration cell within the calculated area of basin B. 

In order to remain within the prescribed 1:2 bioretention area size ratio 

recommended by the GSMM, this large cell has been subdivided into four smaller cells 

through the use of check dams with weirs.  During a rainstorm, runoff enters the cell 

through the curb cut at the high end of the cell where it traverses a pre-treatment grassed 

swale.  Within the cell itself, water is allowed to accumulate to a level of one foot before 

spilling over the weir in the check dam into the next cell.  During a storm that exceeds the 

cell’s water capacity, runoff would fill all the cells to their one foot maximum depth and 

then exit through the grassed swale at the low end of the cell, reentering the existing 

conveyance system and continuing on to the basin’s detention structure. 

 Due to the configuration of driveways and limited right of way area this cell was 

designed by defining the available bioretention area first, then calculating the amount of 

runoff it could effectively treat.  The result is a drainage area of 0.072 acres, or 3,136sf 

(Table 6.3.2).  Used in tandem these cells can treat nearly all the water quality volume 

produced by the pavement on the site, excepting rare cases in which an inlet to the 

existing stormwater conveyance system prohibits the treatment of a driveway 

immediately uphill from the inlet. 
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6.3.7 Limitations 

 In a perfect world, runoff from roof gutters would be directed into the landscape, 

where it would be evenly distributed between runoff, evaporation, and groundwater.  In 

reality, much of the runoff from rooftops is directed onto paved surfaces such as 

driveways and allowed to enter the conveyance system without water quality treatment.  

A design which only treats the water quality volume of paved impervious surfaces on a 

site is flawed in that it does not take into account the possibility of added roof runoff.  

This can be further explained by comparing paved impervious cover to rooftop 

impervious cover.  Table 6.2.1 lists paved impervious cover on the entire site as 9.33 

acres while rooftop impervious cover is 5.41 acres.  This amount of untreated impervious 

rooftop cover is equivalent to more than 50 percent of the treated paved impervious 

cover, and a significant portion of the entire site’s water quality volume.  If left untreated, 

it is likely that the roadside bioretention cells designed to treat only paved impervious 

runoff would become overloaded and would be unable to function at their peak 

performance levels.  The next section will calculate the bioretention area necessary to 

treat stormwater runoff from all rooftop impervious cover. 
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6.4 Study #2:  Water Quality Control for Residences 

 This study addresses 100% of the rooftop impervious cover in the entire 

development for water quality treatment.  The resultant rooftop water quality volume for 

each basin can be directly added to the pavement water quality volume calculated in 

Study #1.   Table 6.4.1 provides the water quality calculations for this segment.  

Following the table is a summary of the calculations per basin area. 

 As in Study #1, the formulas used to calculate water quality volume and 

ponding/filter area are referenced from the Georgia Stormwater Management Manual 

Volume 2.  Unlike Study #1 there is no need to modify the water quality volume formula, 

as this study uses the entire basin areas as the drainage areas.  This may result in a small 

amount of runoff being included which originates on pervious surfaces.  However, the 

85th-percentile design storm is unlikely to cause concentrated overland flow from 

pervious surfaces unless the landscape is severely sloped, eroded or both. 

 Once again, the necessary bioretention area is calculated using a two day (48 

hour) ponding time, in order to achieve the smallest bioretention area possible.  While 

this is perfectly adequate, reducing the ponding time to one day and the maximum 

bioretention cell depth to 6 inches would ensure that the bioretention area will be ready 

for another water quality sized storm the next day.  In order to decrease the ponding time, 

the bioretention areas calculated in Table 6.4.1 would have to be multiplied by two.  With 

these larger bioretention areas, it may be more appropriate to split the total bioretention 

area.  The design example featured in Figure 6.4.1 and Figure 6.4.2 was created using a 

one day (24 hour) ponding time. 
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6.4.1 Basin A

 Basin A includes a total drainage area of 22.1 acres (Table 6.2.1).  This area is 

subdivided into 29 lots with a combined rooftop impervious cover of 1.57 acres (Table 

6.4.1).  The rooftop impervious cover water quality volume for these basins is 0.251 acre-

feet (10,920.2cu.ft.).  Ponding/filter area calculations yield a necessary treatment area of 

10,277.9sf.  Dividing the treatment area by the number of lots in the combined basins 

yields an average bioretention area of 354.4sf per lot.  Adhering to the 2:1 bioretention 

area ratio, an area approximately 13ft x 27ft with a maximum depth of 1ft would be 

appropriate.  If a one day ponding time is desired, two bioretention cells of these 

dimensions with a maximum six inch ponding depth can be used.  Alternatively, one 

bioretention cell measuring 18ft x 39ft would suffice. 

 

6.4.2 Basin B

 Basin B covers a total of 42.63 acres (Table 6.2.1), subdivided into 48 lots.  The 

rooftop impervious cover for the basin is 2.48 acres (Table 6.4.1).  Water quality volume 

calculations result in approximately 0.41 acre-feet (17,678.5cu.ft.).  The necessary 

bioretention area is calculated at 16,638.6sf (Table 6.4.1).  An average bioretention area 

of 346.6sf can be calculated by dividing the total basin bioretention area by the number of 

lots.  This average bioretention area is only slightly smaller than the one calculated for 

basin A.  Areas similar in dimension to the ones calculated for those basins can be used in 

both two day and one day ponding scenarios for basin B. 
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6.4.3 Basin C 

 Basin C is composed of 16.86 acres (Table 6.2.1) subdivided into 21 lots.  Of this 

total area, 1.01 acres are rooftop impervious cover (Table 6.4.1).  Water quality volume is 

0.16 acre-feet (7,086.5cu.ft.), needing 6,669.6sf of bioretention space (Table 6.4.1).  

Divided by 21 lots, the average bioretention cell space per lot is 317.6sf.  A bioretention 

area of this size at a ratio of 1:2 is approximately 12ft x 25ft.  Two areas of this size 

would serve to treat the site runoff in one day. 

 

6.4.4 Basin D 

 Basin D is only eight lots encompassing 5.86 acres and containing 0.37 acres of 

total rooftop impervious cover.  The water quality volume produced by this area is 0.06 

acre-feet, or 2,607.4cu.ft. (Table 6.4.1)  The necessary bioretention area is approximately 

2,454.0sf.  Each lot needs an average bioretention area of 306.75sf.  Again, this area is 

only slightly smaller than the area provided for basin C.  Bioretention area dimensions 

similar to those calculated above can be used in basin D as well. 

 

6.4.5 Rooftop Impervious Cover Comparisons

 One trend is prevalent in the above calculations.  Basin A and basin B exhibit 

fairly similar average bioretention basin sizes for their respective lots.  The average 

residence sizes in these areas are 2,360sf and 2,240sf, respectively (Table 6.2.1).  Basins 

C and D exhibit smaller average bioretention areas per lot as well as smaller average 

residence sizes (2,087sf and 2,035sf respectively).  This difference in residence footprints 

is likely due to the odd shape of the development as a whole.  The majority of the lots 
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area not regularly shaped, and many are well beyond the minimum 25,000sf specified by 

the area zoning.  Basins C and D contain the majority of the regularly sized lots, as well 

as those that are closest to the 25,000sf limit.  The same zoning regulation imposes a 

maximum impervious cover of 25 percent.  These smaller lots must also leave enough 

unbuilt land to accommodate septic systems.  The result is that smaller lots have smaller 

houses built on them. 

 

6.4.6 Lot Bioretention Cell Design Example

 The following example is provided to illustrate the way bioretention basins would 

be used on an individual site.  In this example, the driveway is assumed to drain to the 

street and is not included in the water quality calculations.  See Table 6.4.2 for 

calculations. 

 Figure 6.4.1 show the site and its location in the development.  The limits of the 

drainage area are identified, allowing the design to exclude non-contributing land from 

the water quality volume calculation.  The basins on the site and the bioretention cell in 

the right-of-way were sized using calculations in Table 6.4.2.  Due to the shape of the 

roof, the bioretention area was divided into two areas. 

Of concern is the rear yard bioretention area, as it must be positioned to avoid the 

lot’s septic system.  In analyzing the site, it was determined that the septic tank would 

most likely be placed at the south side of the house for service access through the 

driveway and the drain field would extend into the back yard in a parallel orientation to 

the site contours.  This required placement of the rear bioretention area on the western 

corner of the house.  While this location is not optimal to the location of rear downspouts 
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it does allow for the integration of a longer pre-treatment swale to aid in further pollutant 

removal.  Both bioretention areas are designed to treat the volume specified in Table 

6.4.2 in a one day period.  Figure 6.4.2 shows section details through bioretention area 1.  

This is a standard cross-section depicting typical construction methods. 
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6.4.7 Cost Estimate

 The cost estimate for both studies combined (Figure 6.4.3) is extrapolated using 

cost information from the existing bioretention retrofit installation in Burnsville, MN, 

included in Appendix B of this volume.  The costs for specific items, such as retaining 

walls and imported planting soil, were calculated by taking the original cost provided in 

the Burnsville cost estimate and dividing by 17, the number of gardens constructed in that 

project.  While not all gardens needed curb cuts or retaining walls, this exercise was 

meant to provide an approximation of cost.  Labor costs for planting and mulching the 

gardens were not part of the Burnsville estimate, as this job was performed by residents 

of the Burnsville project area.  The cost estimate for this project provides a separate line 

item for labor in this capacity in order to cover the possibility that residents may not want 

to participate in planting the roadside bioretention areas. 

 If the reader will note, maintenance costs are not included in this cost estimate.  It 

is assumed that for a project of this magnitude to pass approval and actually be 

implemented it would require support from a decisive majority of the neighborhood 

residents themselves.  A large part of this support would be the regular maintenance of 

bioinfiltration areas located within the lots.  It is likely that a home owners association or 

civic group would be created to govern this regular maintenance, as well as to manage 

funding and upkeep of roadside bioretention areas, possibly through the implementation 

of a neighborhood specific stormwater structure maintenance fee.  Conversely, the local 

stormwater utility could retain maintenance costs and operations for the roadside cells by 

creating a fund pool dedicated specifically to the maintenance of retrofit application 

roadside bioretention cells. 
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Figure 6.4.3 – Project Cost Estimate 
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6.5 Observations

 This project was a large undertaking with many variables and possible outcomes.  

The results indicate that much more research would be required to appropriately design a 

water quality management system for this size of development.  Water quality 

calculations are extremely lot-specific.  It is difficult to precisely determine what is 

required of a treatment area when the water quality volumes range in the tens of 

thousands of cubic feet and available land for water quality control installation is so 

disconnected.  The best interpretation of water quality volume was the individual lot 

design, which provided a tangible comparison between the impervious surface and the 

bioretention area necessary for treatment.  The bioretention area turned out to be smaller 

than expected, and the two bioretention cell solution was more appropriate to water flow.  

The reverse engineered roadside bioretention cell provided accuracy in predicting the 

amount of area that a specific size of cell can realistically treat. 

A thorough site analysis was crucial to the outcome of this retrofit application 

study, as site specific soils and slopes could severely limit the amount of land appropriate 

for bioretention area.  While the site chosen for this study had adequate soils, it was still 

necessary to supply the bioinfiltration planting medium in order to ensure the proper 

water infiltration rates.  This added significant cost to the overall project.  Sites with more 

appropriate soils would be better candidates for stormwater retrofit applications. 

 Topography was not an issue on this site, as the majority of the steep slopes had 

been left wooded and undeveloped.  These occur mainly in the deep ravine that bisects 

basin B and creates the depression for detention pond #1.  Steeply sloped developments 

would not be adequate for this type of stormwater retrofit.  There are many other 
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stormwater quality management controls that could be used in steeply sloped areas.  

Further study of these methods would be required in order to provide retrofit possibilities 

for these developments. 

 The cost estimate brought a sobering reality to the entirety of the project.  

Considering that a retrofit installation of this size could conceivably cost nearly $3 

million supports the necessity for a retrofit program to be instituted under the stormwater 

utility, so that said program can acquire the funds it needs for projects of this size.  

Homeowners should incur a part of the overall cost; primarily that which pertains to 

bioretention cells on their properties.  As discussed in section 6.4.6, homeowners should 

also be responsible for part of the maintenance cost of the bioretention cells.   

 Overall, the project succeeded in determining that while the retrofitting of existing 

developments with water quality controls can be applied to a large suburban residential 

area with the proper site requirements in the Georgia Piedmont, design limitations related 

to available area as well as the large cost of implementation could significantly hinder or 

even prohibit the installation of the water quality controls.   
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CHAPTER 7 

CONCLUSION 

 

 The premise of this thesis has been to study the retrofitting of existing large lot 

residential neighborhoods with low impact development on-site stormwater quality 

management structures, ultimately as a tool for the long-term success of a regional 

stormwater management plan.  The research took the shape of four specific areas:  

history, low-impact development, socio-political influences and case studies.  A project 

application was performed using the information gathered. 

 The history of the development of stormwater regulation in the U.S. identified key 

events that helped define current stormwater regulation.  Due to its very nature, though, 

history is never complete.  Every year, new legislation is proposed to further define and 

change our treatment of stormwater quality management.  The issue of minimal 

sufficiency brought up at the end of Chapter 2 may yet be addressed in future regulation 

modifications.  We as a community must continue to move toward a more sustainable 

relationship with nature, perhaps one guided by the natural systems that we continually 

disrupt. 

 Low-impact development (LID) was researched as one solution to the problems 

caused by non-point source pollution originating in residential areas.  The techniques 

defined can be used to mitigate this large problem in almost any type of development.  

Bioretention was identified as one of the more appropriate LID techniques for use in 
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retrofit applications due in part to other benefits besides stormwater quality management.  

Bioretention areas can provide plant biodiversity, habitats for local wildlife and aesthetic 

benefits to a residential area.  They also provide an accessible, hands-on way for residents 

to learn more about their environment through the regular maintenance and monitoring of 

bioretention areas, in this way helping to foster feelings of responsibility and stewardship 

for the land. 

The three socio-political factors studied in Chapter 4 (legislation, funding and 

public support) were found to be entirely intertwined; one was unable to be truly studied 

without the others.  It was found that a successful stormwater retrofit program would 

need to consider all three factors carefully and determine how to use them to the best 

advantage.  There are a multitude of combinations that would yield good results and 

every municipality needs to be treated in an individual manner. 

Several communities in this country have begun the process of stormwater 

retrofitting.  Three were included as case studies in Chapter 5.  Each was found to be 

achieving success in stormwater retrofitting endeavors through different combinations of 

the three socio-cultural factors mentioned above.  Of the three, the most pertinent to this 

thesis was the Rainwater Gardens Pilot Project in Burnsville, Minnesota.  Their retrofit of 

a suburban street with bioretention areas provided much of the inspiration for the project 

application performed for this thesis. 

The project application in Chapter 6 strived to determine the possibilities of 

retrofitting a suburban residential neighborhood in the Piedmont region of Georgia with 

LID-based stormwater management controls.  An extensive two-part study of the Woods 

of Habersham subdivision in Athens, GA, resulted in the conclusion that while the 
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retrofitting of existing developments with water quality controls can be applied to a large 

suburban residential area with the proper site requirements in the Georgia Piedmont, 

design limitations related to available area as well as the large cost of implementation 

could significantly hinder or even prohibit the installation of the water quality controls. 

The project design was based entirely on guidelines set forth by the Georgia 

Stormwater Management Manual (GSMM) and this has brought up some pertinent 

questions.  While technically correct, the design of the bioretention basins proved 

excessive in several ways.  First, the excavation and complete replacement of the native 

soils in order to achieve the prescribed filtration rate was unnecessary, as the native soils 

would have provided a filtration rate that more than satisfied the requirement by the 

GSMM.  This design requirement caused a significant and unnecessary increase in the 

cost of implementation due to the need to purchase and transport the replacement soil.  

Second, it may not be necessary to excavate quite so deeply in order to achieve proper 

function of the bioretention cells.  This would also reduce the overall cost of the project.  

Individual site soil samples would have to be studied in order to determine the necessary 

depth of excavation.  These issues lead one to question the rules in the GSMM:  perhaps 

they do not in fact apply to all locations in Georgia.  This project has shown above all 

else that every site is unique in its hydrology and must be treated individually when 

designing stormwater quality management controls. 

Another outcome of this project is an understanding of the supreme importance of 

cost and funding in a stormwater retrofit application.  It would be difficult to justify the 

almost $3 million price tag of this project in an area that does not necessarily exhibit any 

visible need.  The cost calculated is equivalent to the cost of capital improvement projects 
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that would benefit an entire community where as the retrofit project would only benefit a 

single neighborhood.  The changes discussed in the previous paragraph may work to 

reduce the cost to an acceptable amount.  Other ways to reduce cost are to involve 

residents in planting and mulching the roadway bioretention basins instead of hired labor, 

or reduce the number of roadway bioretention cells by combining them into larger areas.  

A competitive bid process when selecting an engineering firm and a construction 

company to do the work may also yield lower design and project management fees.  

Seeking materials donations by local landscape suppliers may also help reduce costs.  

Lowering the cost will be crucial in a successful implementation of the project. 

The research presented here suggests that the concept of retrofitting existing 

residential areas with stormwater quality management controls has been considered by 

others in the past, but is still far from becoming a reality in any municipality.  Of the 

three socio-cultural factors that would influence the implementation of a retrofitting 

program within a stormwater utility, cost is perhaps the most daunting.    It is also 

unfortunately difficult to compare the price of a retrofit with the benefits that type of 

project would have on something as amorphous as “the environment.”   Ultimately the 

benefits of water quality management must be weighed carefully against the heavy 

burden of cost it would entail. 
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APPENDIX A 

PORTLAND GREEN STREETS EXAMPLE PROJECTS 

 

 SW 12th Avenue Green Street Project – Project report provided by the Portland 

Bureau of Environmental Services, City of Portland, Oregon. 

(http://www.portlandonline.com/bes/index.cfm?c=44463& ) 

 NE Siskiyou Green Street Project – Project report provided by the Portland 

Bureau of Environmental Services, City of Portland, Oregon. 

(http://www.portlandonline.com/bes/index.cfm?c=44463& ) 
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APPENDIX B 

BURNSVILLE STORMWATER RETROFIT CASE STUDY 

 

 Burnsville Stormwater Retrofit Study – Project report by BARR Engineering, 

created for the City of Burnsville, MN. 

 “I. Burnsville Rain Gardens Case Study:  Retrofitting for Water Quality” from 

2005 Minnesota Stormwater Management Manual, version 1.0. – Created by the 

Minnesota Stormwater Steering Committee for the Minnesota Pollution Control 

Agency. 

 Burnsville, MN Costs Handout – Created and provided by BARR Engineering.  

November 2003. 
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APPENDIX C 

MISCELANEOUS PROJECT APPLICATION INFORMATION 

 

 Schematic Overall Site Plan 

 Basins Runoff Volume Calculations 
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