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Stormwater management in the context of urban streets is on the cusp of major 

change. Innovative multidisciplinary designs pioneered in the Pacific Northwest are 

paving the way for more environmentally and socially responsive stormwater design. 

This thesis examines the practicality of incorporating the principles guiding such designs 

into the environmental and urban fabrics of the Southeast, determining limiting factors 

as well as possible design modifications. 
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Chapter One 
Introduction 

 

For many landscape architects, architects, traffic engineers, and other thoughtful 

professionals, issues of street design, stormwater management, and environmental degradation 

have become increasingly important. Modern Movement designers “recognized the need to 

think holistically, conceiving a total environment in which physical design strove to preserve, 

enhance, and render visible the vitality of natural systems, as well as the individual and social 

lives of residents” (Howett 87). Innovative multidisciplinary designers in Seattle, WA and 

Portland, OR are working toward just such a holistic approach in terms of stormwater 

management, paving the way for a new line of thinking when it comes to street design.  The 

Street Edge Alternatives (SEA) project in Seattle and the Skinny Streets projects in Portland are 

prototypes that shed new light on the opportunities for more thoughtful, dynamic, 

environmentally sound urban stormwater management. 

Though modern streets have traditionally been designed as channels for moving 

vehicles, the SEA and Skinny Streets projects demonstrate that streets in the urban context can 

be designed to incorporate a wide variety of socially and environmentally beneficial design 

forms through the introduction of alternative stormwater design.  The question in another region, 

the Southeast, then becomes how do designers successfully borrow the prototypes of the 

Pacific Northwest and put them into practice in the Southeast? Designers must also examine 

the effect that urban density would have on the appearance and function of the stormwater 

management systems that the SEA and Skinny Streets prototypes advocate. What design 

criteria can be identified in the Seattle and Portland prototypes, as well as in a Southeastern 

model, and what could retrofitted urban streets in the Piedmont region look like? 
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In this thesis, the purpose is to determine whether or not any modifications of design 

criterion become necessary when the application is moved into the Southeast. Throughout the 

thesis, a close look will be taken at the scope involved in the redesign of urban streets. In 

Seattle, the SEA Street project was an entire right-of-way redesign, including elements such as 

clustered mailboxes, clustered parking, street and sidewalk realignment, and traffic calming, as 

well as stormwater treatment. Thus, this prototype was limited by the decisions regarding where 

in the street to construct the stormwater system and the context in which it would be included. In 

Portland, the Skinny Streets projects were limited by what could be done in the streets 

according to standard safety codes. In an urban area such as Atlanta, GA, what would the 

limiting factors be?  

In Portland and Seattle, homeowners have played a vital role in the installation and 

maintenance of their newly redesigned streetscapes.  Psychological ownership of the 

stormwater systems in front of their houses has encouraged homeowners to take on active roles 

in the upkeep, and thus functionality, of these systems.   

Many urban centers across the nation are experiencing growth, renewal, and change. 

With the influx of people comes a wave of measures implemented in order to attract business, 

create usable urban spaces, and to alleviate some of the strain placed on infrastructure and the 

surrounding natural environments.  Often, these measures are shortsighted due to a lack of 

information regarding available innovative technologies. In some cases, there is simply not 

enough information surrounding these innovative designs as they may apply to a siteʼs particular 

needs for municipalities and citizensʼ groups to advocate their usage. 

When considering the variety of urban street characteristics, it becomes obvious that 

creating interesting, functional streets is one of the most difficult tasks that face urban 

designers.  The complexity of economic, social, and environmental interactions, opportunities, 

and experiences taking place in our urban streets is often misunderstood or overlooked.  
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Current street design standards are alienating pedestrians and adding to the degradation of 

local watersheds. Part of the future of urban growth and, specifically, of urban streetsʼ success 

lies in the way that designers respond to the relationship between stormwater management and 

street design. 

In order to provide background and context, Chapter Two of this thesis will introduce a 

brief historical overview of the theories informing a potential urban stormwater retrofit.  Among 

the theories and bodies of information covered are the history and evolution of low-impact 

development, the natural drainage systems approach, and restorative redevelopment. 

Next, Chapter Three will examine the history, goals, and benefits of both Seattleʼs SEA 

Street and Portlandʼs Skinny Streets projects.  This chapter will discuss the defining 

characteristics of each of these prototypes and will look at the environmental and social impacts 

that the designs have on their respective neighborhoods.  

In Chapter Four, the site for a hypothetical design in the Southeast will be introduced. 

This chapter includes the rationale for the selection of Lake Avenue, located in the Inman Park 

neighborhood in Atlanta, GA, and will give a brief history of the neighborhood. Additionally, there 

will be a description of current design restrictions that dictate the streetʼs appearance, 

pedestrian use, and stormwater infrastructure requirements.   

Following the introduction to the design application site, Chapter Five will examine 

applicable principles that have an influence on the form and function of the proposed retrofit. 

This chapter shall include a comparison of the physical conditions and considerations of the 

Northwestern and Southeastern sites, such as infiltration capabilities of the soil and typical 

rainfall frequencies, as well as theoretical design principles. 

Next, a series of drawings will examine the hypothetical design of an urban stormwater 

retrofit inspired by the Seattle and Portland prototypes. Details will demonstrate any 
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modifications that must be made in order to create a prototype, specific to the regionʼs and the 

siteʼs soils, rainfall, and urban density. 

Lastly, the thesis shall conclude with a summary and evaluation of the design application 

and underlying factors that led to the designʼs relative success or failure will be discussed. This 

section shall also identify any aspects of the design that may need further research and 

exploration.  



 5 

 
 

Chapter Two 
Environmental Design History 

 

With studies demonstrating that impervious surfaces in urban areas have increased by 20% 

over the past two decades, at a cost in excess of $100 billion nationally, local governments are 

increasingly embracing alternative stormwater management strategies in efforts to reduce the 

costs of constructing traditional stormwater control infrastructure (American Forests 2007). 

Armed with the strategies and principles outlined by low-impact development, restorative 

redevelopment, and the natural drainage system approach, municipalities are finding more 

environmentally, socially, and economically sustainable methods of addressing the criteria 

mandated by the U.S. Environmental Protection Agencyʼs non-point source pollution guidelines 

(USEPA 2007).  

A. Low-impact Development 

In the mid-1980s, the principles of low-impact development emerged from Prince George's 

County, Maryland with the introduction of bioretention technology. These technologies were 

aimed at designing the built environment as a functioning part of an ecosystem, rather than 

existing apart from it, in response to environmental degradation of the Chesapeake Bay area. 

This approach is not meant to be a land-use control strategy. Instead, low-impact development 

relies heavily on thoughtful, advanced technologies rather than simply relying on conservation 

and growth management (Low-Impact Development Center, Inc. 2007). 

Low-impact development (LID) practices seek to reduce the footprint that development 

leaves on the environment. This is accomplished through the use of infrastructure that allows 

rainfall to maintain contact with the soil, such as porous pavements, vegetated swales, 

infiltration basins, and even detention basins when necessary; through groundwater recharge; 

through evaporation and evapotranspiration; and by finding creative beneficial and educational 
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uses for rainwater (Coffman 2007). Low-impact development seeks to utilize land in an 

ecologically and socially functional and beneficial manner, while allowing development to remain 

economically viable.  

In an article for the Journal of Green Building, R. Alfred Vick synthesizes the guidelines for 

Low-impact Land Development: 

• Identify and understand the ecological and cultural context of the site. 

• Preserve functioning natural processes. 

• Minimize the size and severity of the development footprint. 

• Utilize built surfaces to contribute to the health of the site. 

• Mitigate the remaining impact of development. 

• Restore and integrate natural processes into the everyday experience of the built 

environment. 

(Vick 30) 

Under these guidelines, urban stormwater is addressed in the context of site conditions, 

including existing surface and subsurface drainage patterns; in terms of regulations such as 

those set out under the National Pollution Discharge Elimination System (NPDES), which is a 

permit program that regulates the amount of pollution entering waterbodies and local 

ordinances; and in terms of the needs of human inhabitants and wildlife. 

As it allows for the integration of treatment and management measures into urban site 

features, LID practices enable municipalities and developers to reduce costs ordinarily incurred 

with complex and centralized conveyance and treatment infrastructure (Low-Impact 

Development Center, Inc. 2007). Utilizing built surfaces such as parking lots constructed with 

porous pavements, roof surfaces that act as catchment areas, and structural soils that prevent 

compaction of vegetative root zones are some of the methods of LID that contribute to the 

overall long-term health of a site. Low-impact development also seeks to manage the 
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preservation of natural areas by working to reduce habitat fragmentation, the interruption of 

natural systems, and pollution (Vick 28-38). 

In the study “Comparison of Stormwater Lag Times for Low Impact and Traditional 

Residential Development,” researchers observed that low-impact development practices 

resulted in lowered peak discharge depth, lowered runoff coefficient, and lowered discharge 

volume as compared with traditional development practices. Also observed were increased lag 

times and increased runoff thresholds (Hood, Clausen, Warner 1036). Such findings support the 

hypothesis that adhering to the principles of low-impact development indeed aids in the 

reduction of environmental damage caused by the quantity and velocity of stormwater runoff in 

urban areas. 

B. Restorative Redevelopment 

Restorative redevelopment is an approach in which stormwater runoff is no longer moved, 

as quickly as possible, into traditional sewer systems but is rerouted into the soil and into 

vegetated areas. In contrast with LID methods, which typically involve bottom-up approaches 

that are implemented from the beginning of a project, restorative redevelopment incorporates 

LID technologies into existing development. By utilizing empty spaces between buildings, along 

roads, and in parking areas, complex systems of swales and infiltration basins not only serve to 

reintegrate natural processes into a site and return urban areas closer to their pre-development 

stormwater functions, but also create more harmonious and rejuvenating environments for 

human inhabitants and wildlife (Ferguson 9).  

According to hydrometeorologist Matt Kelsch, of The University Corporation for Atmospheric 

Research, Boulder, CO, nearly 50% of rainfall in heavily urbanized areas runs directly into 

nearby streams during storm events. Comparatively, only about 5% of the rainfall occurring in 

subsaturated woodlands runs off into associated streams (Frazer 459). Excessive stormwater 

runoff within a watershed, resulting from rainfall onto pavements and other impervious surfaces, 
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results in abnormally high base flows in streams and often results in raw sewage spills due to 

overstressed systems (Ferguson 10). Through the features utilized in restorative 

redevelopment, plants and microbes in the soil break down pollutants, stormwater runoff 

volumes and velocities are reduced, and groundwater supplies are recharged. 

C. Natural Drainage Systems Approach 

Natural drainage systems, which emphasize decentralized, natural infrastructure, are 

designed to more closely replicate the natural hydrologic process of a forested watershed in its 

ʻpre-developedʼ state, as well as more natural levels of runoff flowing into associated creeks. 

Unlike traditional pipe and vault storm sewer systems, which are designed to quickly convey 

large amounts of polluted stormwater off-site and have a limited lifespan, natural drainage 

system approaches are actually able to increase in functional value over time (Seattle Public 

Utilities 2007). 

An evolution of both low-impact development and restorative redevelopment, natural 

drainage systems take stormwater systems a step further by working to incorporate community 

education and involvement in projects. This approach works under the assumption that 

“stewardship by design” is an invaluable component in mitigating the effects of development on 

urban watersheds (Seattle Public Utilities 2007).    

Designed to mimic natural processes, natural drainage system approaches utilize such LID 

features as swales, which capture and filter rainwater using the natural processes of soils and 

plants, and open, landscaped ponds or small wetland ponds, which store overflow. These 

designs aim to reduce stormwater velocities, allow for the infiltration of stormwater, filter and 

reduce pollution, reduce impervious surfaces, and provide much needed greenspace in urban 

areas (Seattle Public Utilities 2007).  
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Chapter 3 
Case Studies 

 

Prior to WWII, the traditional neighborhood vehicular area was designed at 28- to 30-feet wide 

with a corner radius of 5 to 10 feet. As time progressed, the typical local street grew to a width of 

36 feet with a corner radius of 25 feet. While the wider street has upheld the mission to move 

traffic more quickly and efficiently and to assure safe emergency vehicle access, higher speed 

traffic and increased amounts of asphalt have diminished the quality and character of 

neighborhoods and have increasingly degraded associated watersheds (Cohen 1997). Today, a 

typical medium-sized city in the United States has more than 500 miles of residential streets. 

With just a five-foot reduction in street width, over 300-acres of asphalt can be reduced (Ewing, 

et al 123). 

A. Street Edge Alternatives Streets Project     Seattle, WA 

As the city of Seattleʼs population grows, so increases the amount of impervious cover, 

which, in turn, increases the volume of stormwater that flows into area creeks. In the winter, this 

results in flooding and scoured creek beds and in summer, drastically reduced creek flows. 

With this in mind, in the spring of 2001, Seattle Public Utilities completed the prototype for 

the Street Edge Alternatives (SEA) Streets Project. The 650-foot continuous block along Second 

Avenue, NW, between N. 117th and 120th Streets, was chosen as the pilot block due to its lack 

of an existing drainage system and its need for general street improvements (Bennett 2000). 

This block is characterized by its designation as a single-family residential street with homes 

placed on small lots. The design of the project reconfigures the original paved street taking it 

from a grid-style straight road built for efficiency to a curved, more narrow roadway that 

addresses not only stormwater issues, but also takes the wellbeing of residents and users into 

account through the use of traffic calming devices (see Figure 1). 
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Figure 1 :: 2nd Avenue Before & After SEA                               Source :: Seattle Public Utilities 2007 

 

With the Natural Drainage Systems approach in mind, the design goals of decreasing the 

volumes and peak flows of runoff resulted in a reduction of the impervious areas to 11% less 

than those found in traditional streets in this area (Seattle Public Utilities 2007). This was 

achieved by reducing the paved street width from 20 feet to 14 feet, with a width of 18 feet at 

intersections, and by providing sidewalks on only the west side of the street. While this width is 

sufficient for the passage of two slow-moving standard size vehicles, larger vehicles and 

emergency vehicles are able to utilize the areas provided for parking and driveways in order to 

pass oncoming traffic. In cases where these areas are not free, oversized vehicles are provided 

with a two-foot-wide “flat curb,” or white strip, and an additional two feet of structural grass 

shoulder on each side of the roadway (Bennett 2000; Seattle Public Utilities 2007).  



 11 

In addition, six vegetated swales with subsurface drains were designed into each side of the 

road and connected to an existing ditch and culvert system located on 117th Street (Bennett 

2000; Seattle Public Utilities 2007). These swales vary in width, length and soil depth. Typically, 

soil depth is either 1-foot minimum in swales without trees, or a 4-foot minimum depth in areas 

with trees. All of the swales contain 8-inch PVC overflow pipes that connect each swale to the 

next and, eventually, to the existing drainage system on 117th Street (Refer to Appendix A for 

further details) (Seattle Public Utilities 2007). 

In the fall of 2002, Seattle Public Utilities began work on the Cascade Prototype, a spin-off of 

the original SEA Streets Project designed for use on steeply sloped residential streets. This 

prototype enlisted cascading swales, intensive vegetation, and sediment traps to slow 

stormwater runoff velocity and to improve the water quality (Seattle Public Utilities 2007). 

After reviewing the results of two seasons of measurement, one during the dry months and 

one during the wet months, University of Washington researchers concluded that the SEA 

Streets prototype reduced the volume of stormwater leaving the site by 98% (Taus 2002; Seattle 

Public Utilities 2007). In Seattle, the primary drainage system is a series of swales and 

infiltration basins designed to accommodate the 2-year storm, allowing for a 24-hour limit for 

ponding time. 

B. Skinny Streets     Portland, OR 

Most streets in residential neighborhoods in the city of Portland, Oregon are 28 feet wide, 

which permits two travel lanes and parking on one side; 32 feet wide, which permits parking on 

both sides and two travel lanes; and occasionally 20 feet wide, which allows for two travel lanes, 

but no parking. These streets typically include curbs, sidewalks, and storm drainage systems 

(Bray & Rhodes 32-36). One of the main factors behind these widths was concern for the ability 

of emergency vehicles to access the neighborhoods. However, communities within Portland 
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were unhappy with such wide roadways, viewing them as encouraging to high traffic speeds and 

expensive to build and maintain (Bray & Rhodes 32). 

In 1991, the Portland city council authorized the implementation of Skinny Streets. By 

definition, a “skinny street” is a queuing street in which the roadway is designed to have only 

one travel lane, requiring the oncoming vehicle to pull over into the designated parking lane 

while the other vehicle passes. Depending on neighborhood parking needs, Skinny Street 

standards for residential streets are either 26 feet wide with two parking lanes and one travel 

lane or 20 feet wide, permitting one parking lane and one traveling lane (Bray & Rhodes 35-38). 

Studies conducted in Portland indicate that Skinny Streets maintain neighborhood character, 

reduce overall road construction costs, save and/or increase vegetation, reduce stormwater 

runoff, and use land more efficiently. Another important benefit is that these street forms 

encourage more cautious driver behavior, thus lowering traffic speeds and increasing safety 

(West Coast Environmental Law 2007; Bray & Rhodes 36).  An example of this can be seen in 

the Northeast Siskiyou Green Street Project  (see Figure 2), an example of an evolution of the 

Skinny Street project that incorporates planted intersection bulbouts as stormwater retention 

and infiltration devices (LAM 58-59). 

According to the design guidelines for Skinny Street projects, two different stormwater 

infiltration methods are approved for use. The first option, the curb extension swale, has a 

minimum length of 35 feet and a minimum width of 6 feet.  These swales are designed with a 

curb cut at the higher elevation end in order to receive runoff and a 12-inch-wide by 3-inch-deep 

notch in the top of the curb at the lower elevation end to allow for overflow.  The second option 

is a planter swale with a minimum length of 12 feet, a maximum length of 18 feet, and a 

minimum width of 3 feet. These design features utilize curb cuts covered by trench drains at the 

higher elevations to allow for the inflow of stormwater runoff and an identical method for 

overflow, which then flows down-slope to the next planter. In both options, clay check dams 
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slow the flow velocity of the runoff and force infiltration. Additionally, a soil mix of 67% sandy 

loam topsoil and 33% compost material is incorporated with a typical soil depth of 1ʼ-6,” with the 

exception of the areas with trees, which have a depth of 3 feet minimum, and a minimum and 

maximum ponding depth of 6 inches and 12 inches, respectively (Refer to Appendix B for further 

details) (City of Portland 2007). 

Lastly, one of the largest obstacles to overcome in obtaining approval for the implementation 

of Skinny Streets was the perception that emergency vehicles would not be able to perform their 

duties adequately in streets where the historically required 20-foot wide unobstructed fire lane 

did not exist. After many versions of testing using actual emergency vehicles, the Bray and 

Rhodes team discovered that even with cars parked on each side of the street, fire trucks were 

still able to safely pass through 24-foot wide streets (Bray & Rhodes 34). 

   
Figure 2 :: NE Siskiyou Stormwater Curb Extensions                                        Source :: ASLA 2006 
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C. Design Benefits 

Creating a sense of place  

Both of the above mentioned improvement projects provide social benefits for the 

communities in which they were developed. The visual continuity created in the natural, soft-

edged roadways contrasts with the hard edges of traditionally designed streets. These 

prototypes increase the opportunities for vegetation, including the urban tree canopy, thus 

increasing shade-cover and space-defining qualities, such as spatial order and sequence. This 

use of a “garden-street” appeal is intended to encourage interactions amongst community 

members and facilitate a sense of ownership and pride in the community.  

Community involvement in landscape design, maintenance, and installation follows a 

prescription of stewardship by design. According to the Seattle Public Utilities Department, one 

of the key factors in the success of SEA Street plant survival is the fact that local residents have 

agreed to take responsibility for maintaining the plants within the right-of-way by weeding, 

mulching, and mowing when necessary (Seattle Public Utilities 2007). Through the use of 

educational community design and development meetings in the initial phases of the SEA and 

Skinny Street projects, as well as informational signage incorporated into several of the final 

designs, these stormwater systems work to create an awareness of citizensʼ role in the larger 

context of the local watershed (Seattle Public Utilities 2007). 

Lastly, these designs provide the benefits of traffic calming, ensuring safe access for 

pedestrians, bicyclists, and emergency vehicles. The clear distinction between parking lanes 

and traveling lanes, created by curb extensions and “flat curb” strips, visually narrows the 

roadways, encouraging drivers to slow their speeds and pay closer attention to their place on 

the road. In the SEA Streets design, the curving of the roadway is reminiscent of chicanes (see 
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Figure 8, Chapter Five), which have been successfully utilized across the United States as a 

traffic calming measure. 

Environmental benefits 

Both of the Northwestern prototypes are designed to capture all of the runoff from the 2-

year 24-hour storm. Due to the reduction in stormwater runoff, SEA Streets and skinny streets 

enable a reduction in sediment and pollution loads entering associated creeks and waterbodies. 

Simultaneously, the plantings incorporated into such designs have multiple benefits. In addition 

to absorbing rainfall, thus decreasing the amount of runoff that leaves a site during a storm by 

as much as 2 to 7% (McIntyre 91), and reducing summer heat indexes, researchers with the 

USDA Forestry Service have concluded that trees are capable of reducing the amount of 

pollutant particulates in the air, an important health benefit, especially in urban areas. An 

example of the calculated benefits of such removal is evident in findings that in the metro-

Atlanta area, trees have been shown to remove 19,000,000 lbs of pollutants annually, resulting 

in a savings of $47 million (American Forests 2007). 

Budgetary concerns 

To begin with, these street improvement projects reduce costs by following the rule of 

“right plant, right place.” More appropriate plantings, such as specifying trees with naturally 

small root systems that more easily fit into the right-of-way and the placement of plants that 

thrive in wetlands into the lower lying areas of stormwater swales and ponds, results in lowered 

replacement frequency and lowered maintenance fees. Additionally, increased walkability and 

the “garden-street” appearance have resulted in increased property values (Seattle Public 

Utilities 2007). 

Also worth noting is the City of Seattleʼs estimate that a typical installation cost for a SEA 

Streets project is $710,000, as opposed to $840,000 for an equivalent traditional stormwater 

drainage and street improvement project (Seattle Public Utilities 2007). 
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Educational benefits 

In addition to the afore mentioned educational benefits for the immediate community, the 

SEA Streets and Skinny Streets projects can serve as learning tools for the world at large. 

Analysis of these projects provides statistical information regarding environmental and social 

benefits that can be utilized in the implementation of similar projects worldwide. 
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Chapter Four 
Site Introduction 

 

In order to determine the design constraints and opportunities posed by the 

implementation of a SEA Street- and Skinny street-inspired stormwater retrofit in the Southeast, 

several factors had to be weighed. As previously stated, the design considerations involved in 

such a retrofit include infiltration rates, rainfall, and percentages of impervious cover reflective of 

urban density. This chapter discusses the motivations behind the selection of the Inman Park 

neighborhood in Atlanta, Lake Avenue specifically, as the application site.  

 

Figure 3 :: Existing Conditions Hale Street at Lake Avenue Looking West 
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Figure 4 :: Lake Avenue Location Map                                                    Source :: Google Maps 2007 
 
 
 
 
A. Rationale for Selection 

In order for the design application to highlight similarities and differences between a 

Southeastern example and the Pacific Northwestern prototypes, a design area had to be chosen 

that would provide an adequate portrayal of design constraints typical of sites in urban areas 
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throughout the Southeast. In general, residential streets in such areas include a range of 

densities, from single-family lots with low percentages of impervious cover to multi-family, 

medium density lots to mixed-use, commercial, high density lots with high percentages of 

impervious cover. Because the Northwestern prototypes are found in moderate-density 

residential areas, this investigation also seeks to determine whether such designs can provide 

beneficial effects in higher density, commercial or multi-use areas and how the design forms 

would have to evolve in order to effectively achieve these benefits.  

Although the design application in this thesis is located on a single street, Lake Avenue 

is unique in the Inman Park neighborhood in that it is characterized by density transitions from 

historic low-density lots to new mixed-use development. Additionally, Lake Avenue, in its current 

form, is a 40-foot wide roadway in need of traffic calming measures, general street improvement 

projects to increase pedestrian and bicyclist use, and drainage improvement.  

Lastly, the Inman Park neighborhood boasts an active neighborhood association and an 

enthusiastic garden club, both of which are important factors that indicate a strong proclivity for 

citizen-powered maintenance of street improvement projects, aiding in extending the functional 

life of the project (IPNA 2008). 

B. Neighborhood History 

In the late nineteenth century, businessman Joel Hurt established the East Atlanta Land 

Company and, along with landscape designer James Forsyth Johnson, developed Inman Park 

as one of the countryʼs first planned garden communities. Influenced by Frederick Law 

Olmstedʼs Riverside community outside of Chicago, the 130-acre suburb east of Atlanta relied 

on several design elements to create an idyllic atmosphere located in close proximity to the 

central business district. Among these elements were expansive lots, softly curving roads, and 

ten acres of park land which became Crystal Lake and Springvale Park, landscaped by the 

Olmsted Brothers firm. Home styles in the neighborhood include Victorian, Folk Victorian, Arts & 
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Crafts, Queen Anne, Richardsonian Romanesque, Colonial Revival, and Neoclassical. Hurt also 

developed one of the nationʼs first electric streetcar systems, providing transit from downtown to 

Inman Park, ending only a block away from the current-day location of the neighborhood 

MARTA station on Edgewood Avenue (IPNA 2008; Galloway 2007; IPHPC 4-11). 

C. Design Restrictions 

In the 1950s, the neighborhood experienced significant change as Crystal Lake was 

infilled, Springvale Park was divided in half, and the zoning changed to allow for multi-family 

residential and commercial construction. However, in the 1970s, a group of individuals formed 

Inman Park Restoration, Inc., later becoming the Inman Park Neighborhood Association, and 

worked to return the area to single-family residential zoning. Thanks in part to their work, Inman 

Park was officially listed on the National Register of Historic Places in July of 1973. In 2002, the 

Inman Park Historic District was officially pulled under the auspices of the Atlanta 

Comprehensive Preservation Program, with oversight going to the Atlanta Urban Design 

Commission. Under this local designation, there is greater regulation aimed at protecting the 

unique cultural and aesthetic characteristics of the neighborhood than would be found under the 

auspices of designation on the National Register of Historic Places. The City of Atlanta 

designation also requires a stringent design review process for changes proposed within the 

outlined district, including both historic and non-historic properties (IPNA 2008; Galloway 2007; 

IPHPC 4-6). While these guidelines do much in the way of protecting the character of the 

existing properties and qualifying new additions to the neighborhood, they have little input in 

terms of streetscape applications, as will be discussed further in Chapter 5. 
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Chapter Five 
Principles to Apply 

 

While environmental design history and even urban design history have great influences 

on the form and function of a proposed stormwater management system, underlying design 

principles and site criteria must also be considered in order to create an environmentally and 

socially sensitive urban stormwater retrofit. 

A. Stormwater Design 

The infiltration of stormwater utilizes landʼs inherent ability to filter out urban 

contaminants, to reduce the volume of stormwater at the source, and to provide long-term 

storage. Infiltration in an urban context is a restorative practice that aides in mitigating the 

effects of development on hydrologic processes in part by restoring groundwater levels to 

provide more natural base flows in streams. According to Bruce Ferguson, infiltration, due to its 

ability to turn potentially hazardous storm flows into much needed base flows, “is 

environmentally the most complete solution to the problem of urban stormwater” (Ferguson 

191). 

Increases in direct stormwater runoff as a result of urban development result in flooding, 

stream channel erosion, and the loss of riparian habitat in associated watersheds (Ferguson 93-

94). In traditional storm drainage systems, smooth, impervious gutters, channels, and pipes 

convey runoff at high velocities and provide little if any opportunity for water to come into contact 

with soils and vegetation. Conversely, by utilizing vegetated swales to convey stormwater, runoff 

velocities are reduced, there is an opportunity for biophysical treatment of contaminants, and 

there are ample opportunities for human interaction with and education regarding the natural 

processes of the water cycle (Ferguson 114, 191). Limitations that must be examined when 

designing stormwater systems with vegetated swales include the fact that it may be difficult to 
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utilize these systems in highly urbanized areas due to their space requirements. Additionally, in 

areas with steep slopes, vegetated swales must be used in conjunction with other best 

management practices in order to avoid channelization caused by high-velocity flows (Boston 

Metropolitan Area Planning Council 2008). 

To some extent, infiltration is possible in all vegetated swales and porous soil surfaces, 

but it occurs to the greatest extent in infiltration basins that are designed without primary surface 

outlets (Ferguson 40-44). Because every site consists of a primary drainage system, which 

works with all storms up to and including the design storm, and a secondary system, which 

works when the primary system becomes overloaded or clogged, this thesis is examining the 

use of two distinctly different drainage systems, which will work in conjunction with each other. 

As stated in Chapter Three, the primary drainage system in Seattle is a series of swales and 

infiltration basins designed to accommodate the 2-year 24-hour storm event. The secondary 

drainage system is the existing traditional storm sewer system that will accept runoff in the 

event of storms that exceed the amount of runoff produced during the designed storm event. 

The purpose of this thesis is to determine whether or not any modifications of this design 

criterion become necessary when the application is moved into the Southeast. 

By designing for a 2-year storm event, the Seattle retrofit treats the “first flush” or the 

concentrated pollutants running off of impervious surfaces, especially roadways. Treating even 

small amounts of runoff works to reduce the amount of pollution flowing into associated streams 

and treating small volumes of water is still beneficial to the restoration of a siteʼs environmental 

functions within its watershed (Ferguson 191-202). Because most storm events tend to be 

relatively small, designing for the smaller, more frequent storms accomplishes these benefits 

and may be necessary in Atlanta, due to the slower infiltration rates characteristic of the soils 

found in the Southeast, as further explained in the following section, and the lack of space 

available in urban areas in which runoff can be stored.  
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B. Physical Considerations 

Rainfall 

In terms of regional hydrology, Seattle and Portland have rainfall patterns that are typical 

of the Pacific Northwest. In Seattle, the average annual precipitation is 37.07 inches, generally 

falling in the form of a fine misty rain (Western Regional Climate Center 2007). Such climate 

patterns result in Seattle experiencing a 2-year storm 24-hr rainfall depth of 1.68 inches on 

average. Portland's climate is temperate and seasonal with an annual rainfall average of 36.3 

inches. With 8o percent of the total annual rainfall occurring between November and April, both 

Seattle and Portland are characterized by mild, wet winters, and hot, dry summers (Alo 2007).  

On the other hand, Atlanta follows climate patterns commonly found in the Southeast. 

With precipitation fairly evenly distributed throughout the year, the heaviest concentration of rain 

occurs in March. The average annual precipitation is 50.77 inches (City-Data 2007) and is 

commonly delivered in intense bursts compared with those in the Northwest, as illustrated in the 

contrast of Figures 5, 6 and 7. Atlanta typically experiences a 2-year storm 24-hr rainfall depth 

of 3.7 inches. 
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Figure 5 :: Intensity-Duration-Frequency Curves      Source :: Ferguson 47 
 
 
 
 

 
Figure 6 :: Intensity-Duration-Frequency Curves   Source :: Ferguson 251 
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Figure 7 :: Intensity-Duration-Frequency Curves    Source :: Ferguson 241 
 

Soils 

In the Pacific Northwest, soils are characterized by their diverse compositions, including 

some that are well drained and ideal for efficient stormwater infiltration. In the Southeast, 

Piedmont soils are characterized by their high clay content, which results in significantly slower 

infiltration rates. 

King County, Seattle, WA 

About 52 percent of King County is comprised of Alderwood Association soils. This 

association consists of about 85 percent Alderwood soils, characterized by moderately well 

drained gravelly sandy loams with a substratum of consolidated glacial till, 8 percent Everett 

soils, which are gravely sandy loam, underlain by gravely sand, and 7 percent less extensive 

soils (Snyder, et al 2-4). In combination, these soils have an infiltration rate of about 3.34 feet 

per day (Ferguson 198). 
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Multnomah County, Portland, OR 

The soils near Portland consist of deep, well-drained gravelly silt loams and very fine 

sandy loams. The soil association here is characterized by about 30 percent Sauvie soils, a silty 

loam, 10 percent each Pilchuck, also a silt loam, and sandy Rafton soils, and 50 percent soils of 

minor extent and Urban land, which are well drained loams and silt loams, characterized as 

good sources for sand and gravel (Green, et al 5-9). These soils have an infiltration rate of 

about 2.04 feet per day (Ferguson 198). 

Fulton County, Atlanta, GA 

Soils around the metro Atlanta area are listed as unclassified city land. Due to extensive 

alteration caused by urban works and structures, identifying and mapping the soils in this area is 

not considered feasible (Walker, et al 41).  However, it is possible to make several valid 

generalizations regarding soil characteristics for this area. Before widespread urban 

development, typical soils found in the area included Cecil, Pacolet, and Madison, which are 

dominantly clay and clay loam. While urban development has modified the soil surrounding 

Atlanta by digging, filling, and mixing in debris and construction materials, the existing soils and 

their correspondingly low infiltration rates still apply. These soils typically have an infiltration rate 

of about 0.18 feet per day (Ferguson 198). 

C. Historic Preservation Design Principles  

As discussed in the previous chapter, while the historic preservation guidelines for the 

Inman Park neighborhood do provide some design guidelines for the streetscape, the scope is 

fairly limited due to the focus on the character of the structures.  

Among the guidelines set forth, there is a mandate for a planting strip adjacent and 

parallel to the public street for which a compatibility rule applies to the dimensions and locations 

(IPHPC 16-20L.006.1.b). Currently, the infill development areas along Lake Avenue have a 3-

foot wide planting strip, while the original planting strips are about 2-feet wide in most areas. In 
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the instance of sidewalks, all replacements and new additions must match the original materials 

and design for the block on which it is located. In Inman Park, this is typically either hexagonal 

cast pavers, concrete inlaid with hexagonal imprint, brick, or square cast pavers. These 

sidewalks must either match the width of the abutting sidewalks or be the width required by the 

zoning code, whichever is greater, but they cannot be less than six feet in width (IPHPC 16-20L-

005.1.b.v; 16-20L.006.1.c; 16-20L.006.1.q.vii). Lastly, while curb material in the Inman Park 

neighborhood has traditionally been local granite, new curbs made of concrete are in place at 

various points along the road. 

D. Elements of Urban Streetscape Design 

Categorizing streets according to their traffic type and fronting land use enables designs 

for street pavement widths that are limited only to what is needed for proper traffic flow, parking, 

stormwater treatment, and drainage (Ferguson 18). However, there is much more to consider in 

the design of a street when striving to create an environment that attracts local users and 

visitors alike. According to Allen Jacobs, great streets must have definition, some unique 

physical identity or expression that sets them apart from others and allows residents to take 

pride in the street (Jacobs 154).  

Pedestrian experience improves with the addition of paths and goals, or intermediate 

destinations along the route that act as markers, which breaks up the overall route into a series 

of smaller sequences (Spooner 37). This is in line with Jacobsʼ assertion that one of the 

characteristics of a great street is the ability to allow the eye to move from object to object and 

from place to place (Jacobs 282). Paving, benches, light standards, gates, signage and 

fountains all contribute to the richness of urban streets. All of these elements are not required, 

but using enough of them helps to create a unique character. Lastly, following the idea that 

people attract people, it is also important to design for chance encounters. Street corners are 
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great places for impromptu conversations and can take on the role of goals and landmarks 

(Spooner 58-59). 

Arguably the most important detail in an urban street is the tree. The movement, texture, 

shadow patterns, and colors provided by the street tree introduce a wide range of visual 

experiences to the urban space. Additionally, trees provide a sequence to the street and aid in 

establishing spatial order (Spooner 54). 

Traffic calming is another area of concern in the creation of great urban streets. Although 

the Inman Park neighborhood has all of the elements of a walkable community, including 

interconnected streets, public transit, parks, bicycle paths, and a relatively small size, the overall 

pedestrian environment remains hostile due to high vehicular speeds and poorly maintained 

sidewalks (Day-Wilburn Associates, Inc. 2.3). 

Some of the commonly utilized methods for traffic calming across the region include 

round-abouts, chicanes, bulb-outs, chokers, speed tables, and speed humps. While these 

methods are relatively effective at slowing vehicular speeds, they are often difficult for bicyclists 

to navigate and do nothing to aid in the restoration of the physical environment in terms of 

addressing stormwater issues. The SEA Street and Skinny Street projects are both excellent 

examples of ways in which designers can aid in the reduction of vehicle speeds while 

simultaneously addressing ecosystem, pedestrian, and urban needs. 
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Figure 8 :: Chicanes   Source :: Watson, Plattus, Shibley 7.2-9 

 
 

 

 
Figure 9 :: Intersection Bulbouts    Source :: Watson, Plattus, Shibley 7.2-6 

 
 
 
 

 
Figure 10 :: Round-top Speed Humps    Source :: Watson, Plattus, Shibley 7.2-2 
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Figure 11 :: Mid-block Bulbouts    Source :: Watson, Plattus, Shibley 7.2-6
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Chapter Six 
Design Application 

 

In order to more accurately compare the design application involved in this thesis with the 

prototypes that inspired it, the site had to be broken down into smaller segments for the resulting 

calculations to more closely relate to those found in the Pacific Northwest. Following the existing 

drainage patterns, the design application focuses on segments of Lake Avenue that have 

slightly differing urban densities.  

A. Design Overview 

In its current state, Lake Avenue is a residential through street with a 60 foot right-of-way 

that consists of 40 feet of paved roadway with sufficient space for on-street parking on both 

sides, several blocks of newly constructed sidewalks, and historic, badly degraded sidewalks on 

the south-east side.  

Area 1 (see Figure 12) begins 200 feet into Ashland Avenue, toward the south-west side of 

Lake Avenue, and continues north-east ending at the centerline of Inman Village Parkway. The 

based upon first-hand observations noted during a moderate rain event, the drainage area for 

this site is bounded at the back of the lots facing Lake Avenue. It is 2.19 acres and is 

characterized by low-density single-family residential units and has about 50% impervious 

cover. Based on SCS method calculations using a curve number of 84, the runoff volume (Qvol) 

for this watershed during a 2-year storm 24-hour rainfall event is 0.29 acre-feet, with an 

associated peak rate of flow of 5.44 cubic feet per second (cfs). 
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Figure 12 :: Area 1                                     Source :: Google Earth 2008 

 

 
Area 2 (see Figure 13) begins at the centerline of Inman Village Parkway and continues 

north-east to the intersection of Lake Avenue and Hale Street, including 100 feet of Hale Street, 

SE. This drainage area is 3.65 acres and is characterized by higher density single-family 

residential units and has about 75% impervious cover. Using a curve number of 93, the Qvol for 

this watershed during a 2-year storm 24-hour rainfall event is 0.88 acre-feet, with an associated 

peak rate of flow of 16.52 cfs (Refer to Appendix C for calculation details). 
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Figure 13 :: Area 2                                          Source :: Google Earth 2008 

 

 

As the initial starting point in the redesign of Lake Avenue, the assumption was made 

that the right-of-way would remain 60 feet in width. Within this right-of-way, general principles 

set forth by Fulton County ordinances, historic district design guidelines, and neighborhood 

needs influenced the overall form of the design. 
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Figure 14 :: Proposed Plan (nts) 
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Figure 15 :: Proposed Plan Area 1  (nts) 
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Figure 16 :: Proposed Plan Area 2a   (nts) 
 

Figure 17 :: Proposed Plan Area 2b   (nts) 
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In order to address the needs of pedestrians in both design areas, each side of the 

street includes a 6-foot-wide sidewalk. At every intersection, planted curb extensions push out 

into Lake Avenue to shorten the distance over the street that pedestrians must walk. Also 

included at the intersections are ADA-compliant brick crosswalks, providing visual markers for 

drivers that aid in slowing traffic speeds and provide clearly designated pedestrian routes.   

In addition to serving as stormwater runoff, 3-foot-wide planted swales alongside the 

sidewalks and planted bulbouts that extend out about 8 feet into the road provide pedestrians 

and residents with valuable greenspace. The swales, which vary in length according to current 

driveway placement, serve as infiltration areas with a maximum ponding depth of 9 inches 

(Refer to Figures 18 & 22). The curb extensions typically include two ʻOctober Gloryʼ red 

maples, for a design total of 39 trees, providing a sense of rhythm, casting changing shadow 

patterns and adding year-round visual interest, and providing all of the environmental benefits 

typical of urban street trees. Following the lead of the Portland prototype, in all of the stormwater 

areas in the Lake Avenue design, runoff enters through curb cuts at the high end of the swale or 

extension and overflows through curb cuts at the lower elevation end, spilling back into the 

gutter and traveling down slope to the next inlet. 

Due to the fact that on-street parking is in high demand in the Inman Park neighborhood, 

this design includes an 8-foot-wide parking lane. The herringbone-patterned pavers utilized in 

this space clearly separates the parking lanes from the travel lanes, thus visually reducing the 

width of the travel areas. Such a technique is a well-documented traffic calming measure that 

has had much success in similar neighborhoods throughout the United States. Additionally, a 2-

foot-wide parking egress along the length of the planted swales provides access to the 

sidewalks.  

In order to incorporate existing driveways into the design, each driveway is given a new 

apron that adjoins the parking lane, with on-street parking and curb extensions adjusted to 
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account for the drivewaysʼ current locations. Lastly, the width of the travel lanes has each been 

reduced to from 20 feet to 11 feet. As previous research suggests, this width allows for the safe 

passage of emergency vehicles, but is effective in slowing traffic speeds to levels safer for 

pedestrians. 

B. Design Benefits 

In the SEA Street and Skinny Street prototypes, infiltration of stormwater runoff occurs 

almost entirely in planted swales adjacent to the roads and walkways. However, in the Lake 

Avenue site, design codes and urban density prevent the allocation of the amount of space 

required to create swales of the same dimensions and capacity as the Seattle and Portland 

designs. In order to explore ways in which recovery of stormwater to the greatest capacity is 

possible, this thesis examines two alternatives. Alternative 1 captures and infiltrates runoff only 

in the planted swales and curb extensions, as did the Northwestern prototypes. Alternative 2 

offers a more extensive approach, going beyond the Northwestern precedents, by capturing 

runoff not only in the planted areas, but also at the sidewalks, parking egresses, parking lanes, 

and new driveway aprons by utilizing interlocking pervious pavers. Both alternatives can be 

achieved within the plan layouts shown in Figures 14, 15, 16, and 17. 

Alternative 1  

In this alternative, similar to the Northwestern prototypes, only the vegetated swales and 

curb extensions are used for infiltration. Figure 16 illustrates the drainage components, including 

the planting soil media, which is 85-88% sand, 8-12% fines, and 3-5% organic matter (NCDENR 

2007). In this design, the available area for infiltration in Area 1 is 0.08 acres, which includes all 

of the planted swales and planted areas of the curb extensions. Based on the infiltration rates of 

the associated soils of 0.18 feet/day and a maximum ponding time of 4 days, this design area is 

capable of infiltrating 0.13 acre-feet of stormwater runoff. In Area 2, the available area for 

infiltration is 0.13 acres, resulting in an infiltration volume of 0.34 acre-feet of runoff.  
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With a stormwater flow volume (Qvol) of 0.29 acre-feet and an infiltration volume of 0.13 

acre-feet, Area 1 is able to capture 44.83% of stormwater runoff for infiltration. In Area 2, with a 

Qvol of 0.88 acre-feet and an infiltration volume of 0.34 acre-feet, 38.64% of the runoff is 

captured. 

In order to ensure infiltration in this design, the parking egress crossings act as check 

dams as shown in Figure 19, preventing runoff from simply flowing to the lowest points in the 

swale. Compacted subgrade beneath the crossings prevent lateral flow and force infiltration, 

while 4” PVC overflow pipes allow for proper drainage in storm events larger than the 2-year 

design storm. 

 

 

Figure 18 :: Section A-A' 
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Figure 19 :: Section B-Bʼ                                                          Longitudinal Section at Swale Crossing 
 

 

Alternative 2 

As discussed above, this design goes further than Alternative 1 by utilizing void space 

beneath pervious pavers in order to increase the available infiltration area. This design 

incorporates 4” x 8” Eco-logic pavers with 1/4” spacers by Capitol Concrete (refer to Appendix B 

for product specifications) into the parking lanes, new driveway aprons, and parking egresses. 

Figure 20 shows details of the street edge.  
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Figure 20 :: Paving Pattern Detail for Alternative 2 
 



 42 

For the sidewalks, an interlocking pervious hexagonal paver was desired that would 

meet the Inman Park Neighborhood Association design guidelines and match Lake Avenueʼs 

existing sidewalk pavers, while also satisfying the retrofitʼs infiltration needs. However, at the 

time of this design, pervious hexagonal pavers were not commercially available. Thus, this 

thesis proposes the introduction to the trade of a 2 ¼” thick, 15 7/8” across flat pervious 

hexagonal paver with 1/4” spacers as shown in Figure 20. For permeability, the aggregate in the 

1/4” joints would be ASTM No. 10, which is also utilized between the joints of the Eco-logic 

pavers. 

      
 

                    
    Figure 21 :: Hexagonal Pervious Paver Detail 

 

 

In Area 1, using this sidewalk paver along with the other measures described above, the 

available area for infiltration becomes 0.32 acre-feet, resulting in an infiltration volume of 0.50 
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acre-feet. Area 2 expands the area available to 0.48 acre-feet with an infiltration volume of 1.26 

acre-feet.  

With a stormwater flow volume (Qvol) of 0.29 acre-feet and an infiltration volume of 0.50 

acre-feet, Area 1 is able to capture 172% of stormwater runoff for infiltration. In Area 2, with a 

Qvol of 0.88 acre-feet and an infiltration volume of 1.26 acre-feet, 143% of the runoff is 

captured. This excess capacity allows the two areas to infiltrate 100% of the runoff in the 

reduced time of about 2 or 3 days, thus providing superior stormwater performance as 

compared with the 4 days originally assumed necessary. Alternatively, the excess capacity 

could allow for a slight reduction in the expense of the retrofit project by allowing for the 

omission of the specially manufactured permeable sidewalk pavers from the design. 

Also in this design, forced infiltration occurs not only in the planted swales, but also 

along the areas of pervious paving. Impermeable geomembrane barriers located in the parking 

lanes prevent stormwater from simply flowing down the length of the road. This is illustrated in 

Figures 19 and 23 (Refer to Appendix C for calculation details).  
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     Figure 22 :: Section C-C' 
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Figure 23 :: Section D-Dʼ                                                                Forced Infiltration in Parking Lanes 
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Figure 24 :: Cross-section Comparisons 
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Chapter Seven 
Conclusions 

 
In this thesis, the overall goal was to determine whether or not modifications would 

become necessary when the Pacific Northwest stormwater retrofits were relocated into the 

Piedmont region of the Southeast. In fact, as the application discussed in the previous chapter 

illustrates, modifications were needed. The following pages highlight observed changes and 

point out areas for further investigation. 

Design synthesis 

In order for the design application to highlight similarities and differences between a 

Southeastern sample and the Pacific Northwestern prototypes, a design area had to be chosen 

that would provide an adequate portrayal of design constraints typical of sites in urban areas 

throughout the Southeast. In general, residential streets in such areas include a range of 

densities, from single-family lots with low percentages of impervious cover to multi-family, 

medium density lots to mixed-use, commercial, high density lots with high percentages of 

impervious cover. Because the Northwestern prototypes are found in low-density residential 

areas, this investigation sought to determine whether such designs could also provide beneficial 

effects in higher density areas and how the design forms would have to evolve in order to 

effectively achieve these benefits. The following questions arose when critiquing the theoretical 

application and could be used in future investigations. First, are such designs effective only in 

moderately dense single-family residential streets or can they also function well in high density, 

commercial or multi-use areas?  How would the design forms change as one moves through 

low-density streets to high-density ones? Does a sense of citizen ownership, and thus 

stewardship of the design, exist in multi-use areas?  Where would the responsibility for 

maintenance shift to in such locations? Another aspect of such stormwater system designs that 
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could use further investigation is the very different social views of ownership of the systems in 

the Pacific Northwestern sites versus the Southeastern site. Do greater hurdles to 

implementation exist in the Southeast in terms of community wants versus municipal codes and 

perceptions? 

Due to the higher urban density, less available infiltration area, more intense rainfall, and 

slow permeability of the soils of the Southeastern site, using only vegetated swales for capturing 

stormwater runoff, as has been done in the Pacific Northwest, provided insufficient infiltration 

capacity. The results of the application section of this thesis demonstrate that more-than-

adequate capacity can be found with a more aggressive design in which both vegetated swales 

and porous pavements are utilized. While this combined application is entirely located within the 

public right-of-way, as are the Northwestern prototypes, the Southeastern design is more 

technologically diverse and aggressive in order to address the more demanding stormwater 

conditions of the region and of the site. Additionally, in order to adjust the design forms in a 

future application to accommodate greater volumes of stormwater runoff, as would be needed in 

more dense areas with higher percentages of impervious surfaces and less area for vegetated 

swales, the base coarse of aggregate beneath the pervious paver surfaces could be expanded 

to create a larger reservoir. 

While the provision of features in the hypothetical Southeastern designs is driven by the 

need for at-source stormwater management and restoration in line with low-impact development 

principles, following the Pacific Northwestern prototypesʼ influence, these designs provide 

multiple environmental and social benefits. As they do in the Northwest, these designs aid in 

expansion of the urban tree canopy and general additions of urban greenspace, definition of 

parking lanes, traffic calming, pollution abatement, and a multitude of other environmental 

benefits.  



 49 

 

 

References 

 
Alo. “Sperlingʼs File on Portland, OR.” Sperlingʼs Best Places. 2007. Accessed January 2008. 

Available at www.bestplaces.net/file/file.aspx?id=167998&p=54159000 
 
Bennett, Sam. “Green Building Takes to the Streets.” Daily Journal of Commerce. March 6, 

2000. Accessed September 2007. Available at www.djc.com 
 
Boorstein, Michelle. “Fredericksburg Tries Natural Filtering of Storm Water.” The Washington 

Post. July 6, 2003. Accessed September 2007. Available at www.washingtonpost.com 
 
Boston Metropolitan Area Planning Council. “Massachusetts Low Impact Development Toolkit.” 

Accessed April 2008. Available at 
http://www.mapc.org/regional_planning/LID/swales.html 

  
Bray, Terrence L., and Rhodes, Victor F. “In Search of Cheap.” Places. Vol.11, No. 2. 32-39. 
 
City-Data.com. “Atlanta: Geography and Climate.” 2007. Accessed January 2008. Available at 

www.city-data.com/us-cities/The-South/Atlanta-Geography-and-Climate.html 
 
City of Atlanta. “Historic and Landmark District Regulations” Atlanta Urban Design Commission. 

Accessed December 2007. Available at 
www.atlantaga.gov/government/boards/districtregulations.aspx 

 
City of Portland. “Vegetated Stormwater Facilities in the Public Right-of-Way.” Portland 

Department of Public Transportation. February 2007. 
 
Coffman, Larry S. “Low Impact Development.” Westchester Environment. Vol. 2003. No. 2. 

January - February 2003. Accessed November 2007. Available at 
www.fcwc.org/WEArchive/010203/roofs.htm 

 
Cohen, Alan B. Narrow Streets Database. Transportation Task Force of the Congress for the 

New Urbanism.Accessed September 2007. Available at 
www.sonic.net/abcaia/narrow.htm 

 
Day-Wilburn Associates, Inc. Inman Park Area-wide Traffic Calming Plan. Prepared by Day 

Wilburn, Associates, Inc. on behalf of Inman Park Neighborhood Association. September 
2005. 

 
Ewing, Reid; Stevens, Ted; Brown, Steven J. “Skinny Streets and Fire Trucks.” Urban Land. 

August 2007. 122. 
 
Ferguson, Bruce K. Introduction to Stormwater: Concept, Purpose, Design. New York: John 

Wiley & Sons, Inc. 1998. 



 50 

 
Ferguson, Bruce K. “Restorative Urban Design.” Water Resources Impact. Vol. 6. No. 5. 2005. 

9-12. 
 
Frazer, Lance. “Paving Paradise The Peril of Impervious Surfaces.” Environmental Health 

Perspectives. Vol. 113, No. 7. July 2005. A456-A462. 
 
Galloway, Tammy H. “Joel Hurt (1850-1926).” The New Georgia Encyclopedia. August 2007. 

Accessed January 2008. Available at 
www.georgiaencyclopedia.org/nge/Article.jsp?id=h-2910 

 
Green, George L., Smythe, Richard T., High, Calvin T. “Soil Survey of Multnomah County, 

Oregon.” United States Department Of Agriculture, Soil Conservation Service and Forest 
Service. In Cooperation with Oregon Agricultural Experiment. August, 1983. Accessed 
December 2007. Available at www.or.nrcs.usda.gov/pnw_soil/or_data.html 

 
Hood, Mark J., Clausen, John C., Warner, Glenn S. “Comparison of Stormwater Lag Times for 

Low Impact and Traditional Residential Development.” Journal of the American Water 
Resources Association. Vol. 43, Issue 4. August 2007. 1036-1046.  

 
Horner, Richard R., Lim, Heungkook, Burges, Stephen J. “Hydrologic Monitoring Of The Seattle 

Ultra-Urban Stormwater Management Projects.” Department of Civil and Environmental 
Engineering University of Washington. Seattle, Washington. Water Resources Series 
Technical Report No. 170. November 2002. 

 
Howett, Catherine. “Ecological Values in Twentieth-Century Landscape Design: A History and 

Hermeneutics.” Landscape Journal. Special Issue 1998. 80-97. 
 
Inman Park Neighborhood Assn., Inc. “A Short History of Inman Park.” Accessed January 2008. 

Available at www.inmanpark.org/flyer.html 
 
Inman Park Historic Preservation Committee. Inman Park Design Guidelines. Inman Park 

Historic District. Inman Park Neighborhood Association. August 2005. 
 
Jacobs, Allen B. Great Streets. Cambridge: The MIT Press. 1993. 
 
Low Impact Development Center, Inc. “Urban Design Tools: Low-Impact Development.” 2007. 

Accessed December 2007. Available at www.lid-stormwater.net/background.htm 
 
McIntyre, Linda. “Treeconomics.” Landscape Architecture Magazine. Vol. 98 No. 2. February 

2008. 88-93. 
 
Natural Drainage Systems. 2007. Accessed September 2007. Available at 

www.seattle.gov/util/naturalsystems 
 
Neighborhood Streets Project Stakeholders. “Neighborhood Street Design Guidelines: An 

Oregon Guide for Reducing Street Widths.” Salem, Oregon. November 2000. 2-29. 
 



 51 

North Carolina Cooperative Extension. “Bioretention at North Carolina State University BAE. 
2007. Accessed November 2007. Available at www.bae.ncsu.edu/topic/bioretention/ 

 
Seattle Housing Authority. “Seattleʼs New (Age Old) Approach to Dealing With Stormwater 

Management.” 2006. Accessed September 2007. Available at 
www.thehighpoint.com/expo/S_Natural.html 

 
Seattle Public Utilities. “Street Edge Alternatives.” 2007. Accessed September 2007. Available 

at 
www.seattle.gov/util/About_SPU/Drainage_&_Sewer_System/Natural_Drainage_System
s/Street_Edge_Alternatives/LANDSCAPE_299496180902106.asp 

 
Seattle Public Utilities. “Seattle Right-of-Way Improvements Manual.” Accessed February 2008. 

Available at www.seattle.gov/Transportation/rowmanual/manual 
 

Snyder, Dale E., Gale, Philip S., Pringle, Russell F. “Soil Survey Of King County Area, 
Washington.” United States Department Of Agriculture, Soil Conservation Service, In 
Cooperation With The Washington Agricultural Experiment Station. 1973. Accessed 
December 2007. Available at www.or.nrcs.usda.gov/pnw_soil/wa_reports.html 

 
Spooner, David Dwight. Physical and Social Translations of the Pedestrian/Urban Street 

Relationship. Athens, GA. 1997. 
 
Taus, Margaret. “Innovative Design Cuts Street Runoff.” The Seattle Post-Intelligencer. 

November 20, 2002. 
 
U.S. Environmental Protection Agency. “Non-Point Source Pollution Guidelines.” Accessed April 

2008. Available at http://www.epa.gov/owow/nps/facts/point1.htm  
 
Vick, R. Alfred and Tufts, Melissa. “Low-impact Development: The Practice of Preserving 

Natural Processes.” Journal of Greenbuilding. Fall 2006. Vol. 1, No. 4. 28-38. 
 
Walker, J.H., Miller, J.T., Green, T.W., Wells, R.F. “Soil Survey, Fulton County, Georgia.” United 

States Department of Agriculture, Soil Conservation Service. In Cooperation with the 
University of Georgia, College of Agriculture. December 1958. 1-41. 

 
Watson, Donald, Plattus, Alan, and Shibley, Robert (eds.). Time-saver Standards for Urban 

Design. McGraw Hill. 2003. 7.2-2-7.2-9. 
 
West Coast Environmental Law. Urban Growth and Development. Accessed January 2007. 

Available at www.wcel.org/issues/urban/sbg/Part4/roads/Portland.htm 
 
Western Regional Climate Center. “Period of Record Monthly Climate Summary.” University of 

Washington. Seattle, WA. December 2007. Accessed January 2008. Available at 
www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?wasuow 

 
 



 52 

 

Appendix A 
Seattle Plans 

 
 
 
 

 



 53 



 54 



 55 



 56 



 57 



 58 



 59 



 60 



 61 



 62 



 63 



 64 

 



 65 

 
Appendix B 

Portland Plans 
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Appendix C 

Site Calculations 
 
 
 
 
 
 

Area 1    
Assumptions  Units  

Runoff Volume    
  24 hr rainfall P 3.7 in  

  Hydrologic soil group HSG B   
  Impervious area 50%   

  Curve number of pervious 
surface 

73   

  Composite curve number 84   
  Runoff depth Qd 1.6 in  

  Drainage area in square ft 95599.69 sf  
  Drainage area Ad 2.19 acres  

    
  Runoff Volume Qvol after 

development 
0.29 acre/ft  

    
Peak Rate of Flow    

  Rato Ia/P 0.11   
  Hydraulic length on turf 48 ft  

  Lcn factor for turf 3   
  Slope on turf G 7%   

    
  Travel time on turf t1 1.15 min  

    
  Hydraulic length on pavement 536 ft  

  Lcn factor for pavement 9   
  Slope on pavement 1%   

    
  Travel time on pavement t2 9 min  

    
  Time of concentration tc 10.15 min  

    
  Rainfall distribution type ii   
  Unit peak discharge qu 1.55 cfs/ac/i

n 
 

  Pond-and-swamp factor Fp 1   
    

  Peak rate of flow qp after 
development 

5.44 cfs  
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Area 2   

Assumptions   
Runoff Volume   
  24 hr rainfall P 3.7 in 

  Hydrologic soil group HSG B  
  Impervious area 75%  

  Curve number of pervious 
surface 

79  

  Composite curve number 93  
  Runoff depth Qd 2.9 in 

  Drainage area in square ft 159082.71 sf 
  Drainage area Ad 3.65 acres 

   
  Runoff Volume Qvol after 0.88 acre/ft 
   

Peak Rate of Flow   
  Rato Ia/P 0.06  

  Hydraulic length on turf 96 ft 
  Lcn factor for turf 1  
  Slope on turf G 4%  

   
  Travel time on turf t1 0.5 min 

   
  Hydraulic length on 

pavement 
800 ft 

  Lcn factor for pavement 2  
  Slope on pavement 4%  

   
  Travel time on pavement 

t2 
1 min 

   
  Time of concentration tc 1.50 min 

   
  Rainfall distribution type ii  
  Unit peak discharge qu 1.56 cfs/ac/i

n 
  Pond-and-swamp factor Fp 1  

   
  Peak rate of flow qp after 16.52 cfs 
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Area 1   

Determining Data   
Drainage Area Ad 2.19 ac 

Curve Number CN 84  
Runoff Volume Qvol 0.29 af 

Peak rate of runoff 
entering basin qp 

5.44 cfs 

Area available for basin 
B 

0.08 ac/ac 

Maximum ponding time 
tp 

2 days 

   
Soil infiltration rate K 0.18 ft/day 

   
Basin Design   

Maximum basin depth D 0.36 ft 
Basin area Ab 0.18 ac 

   
Infiltration volume 

Qinf 
0.06 af 

   
 
 
 
 
 

Area 2   
Determining Data   

Drainage Area Ad 3.65 ac 
Curve Number CN 93  

Runoff Volume Qvol 0.88 af 
Peak rate of runoff 
entering basin qp 

5.44 cfs 

Area available for basin 
B 

0.48 ac/ac 

Maximum ponding time 
tp 

4 days 

   
Soil infiltration rate K 0.18 ft/day 

   
Basin Design   

Maximum basin depth D 0.72 ft 
Basin area Ab 1.75 ac 

   
Infiltration volume 

Qinf 
1.26 af 
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Appendix D 

Ecol-logic Specifications 
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