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Executive Summary 

 

 To assist the city in developing sustainable strategies to manage stormwater runoff in the 

Richland Avenue Corridor, this study provides an overview of the major issues within the 

corridor and how green infrastructure best management practices and policies can be utilized to 

delay, reduce, and treat stormwater runoff. Water quality sampling was conducted within Coates 

Run and finds that stormwater runoff from Richland Avenue, US 33/50, and adjacent properties 

may be responsible for high dissolved metals concentrations. This study recommends that the 

City of Athens implement a stormwater fee and credit system, create a Green Infrastructure Task 

Force, and explore and develop financing strategies for green infrastructure projects in the 

Richland Avenue Corridor. This study also identifies four green infrastructure concept projects, 

along with their potential costs, benefits, maintenance needs, and design considerations.
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1 Introduction 

 

The first rule of sustainability is to align with natural forces, or at least not try to defy them. 

-Paul Hawken
1
 

 

 In developed urban areas, rain events produce a significant amount of stormwater runoff 

due to vast amounts of impervious surfaces (e.g. parking lots, roof tops, roadways). Most of this 

stormwater is conveyed through storm sewers and discharged directly into rivers and streams. 

Stormwater is one of the leading causes of pollution of water bodies in the United States (Hsieh 

et al., 2007; Eckley and Branfireun, 2009; Greenway, 2010). 

 The natural hydrologic cycle allows most precipitation to be absorbed or infiltrated into 

the ground where it replenishes aquifers, filters pollutants, and supports vegetative life (IWR, 

1997). In urban areas, this natural cycle is disrupted by development leading to the degradation 

of natural ecosystems. Green infrastructure (GI) provides best management practices (BMP) that 

mimic the natural hydrologic cycle by providing infiltration and filtering mechanisms for 

stormwater runoff. These BMPs can be used to retrofit an existing area to more sustainably store 

and treat stormwater runoff. 

 

 

                                                           
1
 Verrengia, J.B. (2005). “Experts: Future of Big Hurricanes Looms”. Associated Press. Retrieved from  

http://cnre.vt.edu/lsg/intro/Experts-Big-Hurricanes.pdf 
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1.1  Purpose and Scope of Study 
 

1.1.1  Study Purpose 

 

The purpose of this leadership practicum project is to determine the feasibility of using 

green infrastructure stormwater management practices to address flooding issues that affect 

Richland Avenue and Coates Run in Athens, Ohio.  

Green infrastructure management approaches and technologies infiltrate, evapotranspire, 

capture and reuse stormwater to maintain or restore natural hydrologies (EPA, 2011c). The 

recommendations in this report are intended to assist the City of Athens in future projects that 

control stormwater and flooding on and around Richland Avenue. 

 

1.1.2  Study Goals and Objectives 

 

Goal #1: Assemble and review baseline data for the study area 

Objectives: 

1. Review the soil characteristics of Richland Avenue per the USDA’s Soil Survey of Athens, 

Ohio. 

 

2. Review historical flood events and the relevant precipitation data provided by Ohio 

University’s Scalia Lab and NOAA. 

 

3. Conduct a rain event survey of Richland Avenue to locate problem areas and other issues. 

 

4. Review existing traffic data (Peak Traffic Counts) provided by the Public Works Department.  

 

5. Review GIS data (shapefiles datasets, etc.). 

 

6. Collect and test water samples from Coates Run for pH, lead, copper, cobalt, and iron levels 

during base flow and storm events. 

 

7. Test base flow of Coates Run. 
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8. Calculate storm runoff characteristics (volume, peak rate of discharge, etc.) with the NRCS’s 

TR-55 mode and USGS’s Streamstats. 

 

Goal #2: Analysis of baseline data 

Objectives: 

1. Create/compile maps with ArcMap to show problem areas. 

2. Select BMPs that are most appropriate for the study area. 

  

Goal #3: Produce recommendations for the City of Athens 

Objectives: 

1. Produce a detailed report that: 

a. Identifies which BMPs to use and at what locations. 

b. Details the specifications of proposed actions. 

c. Explains the ecological benefits of proposed actions. 

d. Details the relevant costs associated with actions (construction, maintenance, etc.) 

2. Create maps that show the sites for proposed actions. 

3. Create a 3D representation of proposed actions with Google’s ‘SketchUp 8’ program. 
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2 Literature Review 

2.1 Water 
 

2.1.1 Water on Earth 

 

 The Earth is the only planet in the known universe that has been confirmed to have water. 

Our planet’s surface is comprised of 71% water. Of this water, however, about 96.5% is saline 

ocean water and 3% freshwater found in glaciers (1.74%), groundwater (1.70%), and to a smaller 

extent lakes and rivers (NASA, 2010). When we look at the composition of freshwater sources, 

we see that 68% is stored in ice caps/glaciers/permafrost, 30% in groundwater, and about 0.3% is 

found in lakes and rivers (NASA, 2010).  

 Water is considered a necessary ingredient for life. Of the six elementary ‘building blocks 

of life’ (oxygen, hydrogen, carbon, nitrogen, sulphur, and phosphorus), water is a compound of 

hydrogen and oxygen molecules. Water is the only known substance that can naturally exist as a 

gas, a liquid, and a solid within a relatively small range of temperatures and pressures found on 

the Earth’s surface (NASA, 2010). Water is known as the universal solvent because it dissolves 

chemicals, minerals, and nutrients. Chemical reactions are able to occur in water because many 

chemicals have parts that are attracted to water and parts that are repelled by it (USGS, 2012). 

 

2.1.2 The Hydrologic Cycle 

 

 Freshwater can be viewed as a renewable resource because it exists in a global circulatory 

system powered by solar radiation and gravity. The hydrologic cycle, also known as the water 

cycle, is a never-ending system in which solar heating evaporates water which then falls as 
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precipitation. Precipitation will then follow the path of least resistance and flow into lakes, 

rivers, streams, and/or will percolate into the ground (IWR, 1997). The surface runoff of 

precipitation is influence by both meteorological and physical factors. Meteorological factors 

include type of precipitation, intensity, quantity, and duration of precipitation events. Physical 

factors include land use, vegetation, soil type/characteristics, and topography (USGS, 2011b). 

 

2.1.3 Water as a Natural Resource 

 

 Merriam-Webster (2012) defines natural resources as “industrial materials and capacities 

(as mineral deposits and waterpower) supplied by nature”. The WTO (2010: 46) expands upon 

this definition to say that natural resources are “stocks of materials that exist in the natural 

environment that are both scarce and economically useful in production or consumption, either in 

their raw state or after a minimal amount of processing”. The key to understanding natural 

resources is recognizing that they are only considered as such if they are utilized by human 

beings. Natural resources without human utility, either because of lack of technology or limited 

intrinsic or direct value for consumption or production, are regarded as “neutral stuff” (Bradley, 

2004). For example, sea water has limited value as a natural resource because of the immense 

costs to desalinize (WTO, 2010). If the technology were available to transform sea water into 

fresh water on a mass scale, it would then fit the anthropocentric definition of a natural resource. 

 Fresh water, however, is inseparable from human utility. Humans need water to live. 

According to the USGS (2011a), up to 60% of the human body is water. Our brains are 

composed of 70% water, our lungs are nearly 90% water, our blood is about 83% water, and 

every day, humans must replace 2.4 liters (or about 0.6 gallons) of water through drinking and 
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eating food. With such great dependence on water for our survival, the issue of water quality is 

of the utmost importance. 

 

2.2 Stormwater Runoff 

 

2.2.1 Introduction 

 

 Stormwater runoff is that part of rainfall that reaches a stream channel quickly, usually 

within a day or so of first falling to the ground (Booth, 1991). In an undeveloped watershed or 

catchment, stormwater runoff percolates into the ground and recharges rivers/streams, lakes, and 

underground aquifers. Runoff also evapotranspires through surface plant life into the atmosphere 

(USGS, 2011b).  

 Booth (1991) describes two types of stormwater runoff. The first is “Horton Overland 

Flow” (HOF) in which precipitation falls on the soil surface more rapidly than the soil can 

absorb it, resulting in the excess water flowing over the surface of the land. HOF is affected by a 

number of factors including topography and surface cover. 

 The second method in which stormwater runoff is produced is known as the “subsurface 

flow regime” where rainfall intensities are generally lower than the rate at which the soil can 

absorb precipitation. In areas of gentle rainfall and lush vegetation, precipitation is able to 

infiltrate where it lands, and flows beneath the surface (Booth, 1991).  

 Booth (1991) states that there are two key factors that control the magnitude of 

stormwater runoff: basin size and land use. Most fundamental of the factors that influence 

discharge of stormwater is the size of the drainage basin. In large basins, the amount of runoff 
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depends primarily on the total volume of water that is precipitated over a number of days. 

However, in smaller basins such as urban catchments, runoff is influenced by the rate at which 

water is introduced and conveyed to the outlet stream.  

 The second key factor that controls the magnitude of stormwater runoff is land use. In 

small basins, land use plays a vital role in determining how much precipitation percolates into 

the surface. Booth (1991) says that typically, only a small fraction of precipitation reaches the 

stream channel with the remainder either: 1) never reaches the ground and is evaporated off the 

surfaces of vegetation, 2) enters the ground but is transpired by vegetation, or 3) percolates 

deeply into the ground, never reaching the stream. However, a variety of land uses can disrupt 

the natural hydrologic cycle and can have dramatic consequences such as increasing the volume 

and rate of stormwater runoff in small urban catchments.  

 

2.3 Urban Drainage 

 

2.3.1 History 

 

Since the first humans lived in metropolitan centers, urban drainage has played an 

important role in the progress of human societies. The conveyance of wastewater and stormwater 

within urban areas has been of vital concern to the health and well-being of their residents. 

Today, cities are characterized by large populations and vast acreages of impervious surface. In 

order for modern cities to keep its population healthy from water-borne illnesses and property 

safe from flood events, they have installed large networks of drainage pipes. 

Modern urban sanitary systems are widely used as examples of how life in cities is much 

better now than it was in the ancient world. While this may be true in more specific contexts, the 
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suggestion that the sewer system is a modern marvel is anything but true. Human history is 

riddled with innovative and advanced civilizations that were faced with many of the same issues 

that we are today. The mightiest civilizations of the past were indeed so mainly due to their 

ability to plan for urban drainage. “The sophistication of a civilization can often be judged by its 

attention to the issue of drainage infrastructure” (Wright and Valencia Zegarra, 2000: 36).   

 Historical accounts of ancient civilizations suggest that some of the most advanced and 

powerful were highly conscious of the need to facilitate the flow of wastewater and stormwater 

away from high concentrations of the population. They took great care in the design of systems 

to collect rainwater for reuse, and to convey wastes and water volume to prevent disease and 

death of inhabitants (Burian and Edwards, 2002). 

 Ruins from two cities inhabited by the Indus civilization, which flourished in the Indus 

river valley during the 3
rd

 millennium BC, suggest that they were planned so that the urban 

drainage system was coordinated with the layout of town sites (Burian and Edwards, 2002). The 

Indus civilization maintained what is referred today as a combined sewer system (CSS). The 

drainage channels in Harappa and Mohejo-Daro provided the dual purpose of wastewater and 

stormwater conveyance. Wastewater passed through terra-cotta pipes where the solids settled and 

accumulated. The water would then overflow into channels in the streets. These channels had 

cunnets which were smaller channels that would convey daily discharges, whereas the entire 

channel would convey wastewater and stormwater during larger rain events (Webster, 1962). 

 During this same time period, the Minoans were practicing wastewater and stormwater 

management. The Minoan civilization flourished on the Mediterranean island of Crete between 

3000 BC and 1100 BC (Burian and Edwards, 2002; Angelakis, Koutsoyiannis and 
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Tchobanoglous, 2005). Angelakis, Koutsoyiannis, and  Tchobanoglous (2005) refer to the 

remarkable architecture and hydrologic infrastructure for the management of water, wastewater, 

and stormwater as one of the Minoan civilization’s most interesting contributions to human 

civilization. Over 4000 years since its construction, the stormwater sewer system in Hagia 

Triadha continues to function perfectly (Angelakis, Koutsoyiannis and Tchobanoglous, 2005). 

Elaborate systems of stone drains carried sewage, roof runoff and general surface runoff away 

from major population centers. Furthermore, ruins of the city of Knossos indicate that the 

Minoans created what is known today as a Municipal Separate Storm Sewer System (MS4). 

Knossos had a two-conduit system where one collected sewage, while the other conveyed 

stormwater (Burian and Edwards, 2002).   

 The most famous case of ancient world hydrologic infrastructure comes from the Roman 

Empire. Burian and Edwards (2002) say that the Romans were the only civilization in all of 

western Asia and Europe from antiquity to the 1800s to build a carefully planned road system 

with properly drained surfaces. The Roman water supply and drainage system is considered one 

of the earliest examples of an established urban water cycle (water in/water out), and is the most 

closely related precursor to the urban water systems established in Europe and the United States 

in the 19
th

 and 20
th

 centuries. Roman urban drainage systems were motivated by the need to drain 

low-lying areas and to dispose of stormwater runoff and the excess water imported via the 

aqueducts. 
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2.3.2 Combined Sewer Systems (CSS) 

 

The first Combined Sewer Systems (CSS) or ‘single-conduit systems’ were installed in 

the U.S. during the 1850’s in Brooklyn (1855), Chicago (1856), and Jersey City (1859) (Tarr et 

al., 1984). Combined systems use a single conduit to transport stormwater and household and 

industrial wastewater (Eisen, 1995; Burian et al., 2000). Boston’s CSS was constructed to 

convey stormwater and wastewater onto the tidal flats of the Back Bay Basin and relied on the 

tides to flush the wastes out to sea. By the 1870s, development along the coast had impeded the 

tidal flow, and floodwaters would create the “foulest marsh and muddy flats to be found 

anywhere in Massachusetts” (Eisen, 1995: 23). 

 Like Boston, many cities during the late 19
th

 and early 20
th

 centuries opted to construct 

combined systems mainly due to the lack of tested successful separate systems and the reduced 

cost compared to separate systems (MS4s) (Burian et al., 2000). Of the total mileage of sewer 

pipes in the U.S. in 1909, 74%, (or 18,361 miles) were combined with storm and wastewater. 

Also in 1909, 88% of the wastewater of the sewage population was directly discharged into 

bodies of water as most policy makers and their engineers, to the dismay of biologists and 

chemists, assumed that raw sewage into streams was adequate treatment because of the “self-

purifying” nature of running water (Tarr et al., 1984). One important phenomenon associated 

with combined systems is what is referred to as “combined sewer overflow” (CSO), which 

occurs during large rain events. When the capacity of the water treatment plant is exceeded by 

the amount of stormwater in the system, the discharge of raw effluent into water bodies occurs 

(Eisen, 1995). In the past, these systems were pursued by smaller cities because of their simple 

and cheap design. Combined sewer systems are no longer built but are still in use in smaller 
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communities. 

 

2.3.3 Municipal Separate Sewer Systems (MS4) 

  

The alternative to combined systems is a method the Minoans had seemingly perfected, 

the Municipal Separate Storm Sewer System (or commonly known as MS4). Separate sewers 

systems were being conceived of even as the first combined systems were being installed in 

Europe and the United States. Separate systems are just as the name suggests, one conduit to 

transport wastewater to a specific disposal location, and another that conveys stormwater to the 

nearest receiving body of water (Burian et al., 2000). The first MS4 in the United States was 

designed and constructed by George E. Waring, Jr. in the small Massachusetts community of 

Lenox in 1875. Waring would continue to design MS4s and, in 1880, constructed Memphis’ MS4 

following a high incidence of yellow fever during the 1870s that many associated with the poor 

drainage system (Burian et al., 2000). MS4s are now the only systems permitted to be 

constructed in American cities and are regulated by federal law based on population served 

(Eisen, 1995; NMCG, 2007; Franzetti, n.d.).  

 

2.3.4 Stormwater Regulation 

 

 Section 13 of the Rivers and Harbors Act of 1899, also known as the ‘Refuse Act’, is 

considered the nation’s oldest environmental law. The Refuse Act provided federal authority of 

“navigable waters” in the United States, and has been used to define navigable waters to this day 

as, “Those […] rivers […] which are navigable in fact. And they are navigable in fact when they 

are used, or are susceptible of being used, in their ordinary condition, as highways for 
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commerce” (Eames, 1970: 1447). The main goal of the ‘Refuse Act’ was to prevent the disposal 

of “refuse”, defined by the Act as “specific substances- ballast, stone, slate, gravel, rubbish, 

sawdust-and of refuse, or other wastes of any kind” without a permit issued by the Secretary of 

the Army (Eames, 1970: 1448). The Refuse Act within the Rivers and Harbors Act of 1899 was 

the first piece of legislation in the United States that recognized the ramifications of disposing 

wastes into navigable waters, and instituted a ‘command and control’ regulatory system of 

permitted discharges. 

 The post-WWII economic and industrial expansion in the United States led many 

municipal, state, and federal policy makers to rethink the traditional water management system. 

As economic prosperity increased, many Americans got into their cars and moved to the suburbs. 

This put stress on the inefficient combined sewer systems (CSS) as they would need to expand 

into the urban periphery to serve suburbia. In fact, decentralized systems were making a 

comeback in suburbia such as private septic systems. Furthermore, as the American standard of 

living greatly increased, water usage and wastewater generation exponentially increased thanks 

to personal appliances such as washing machines, garbage disposals, dishwashers, and other 

plumbing fixtures. Also, people no longer wanted to have to worry about polluted waterways 

from industrial discharges which were also increasing as new chemicals were being used in 

manufacturing and production (Burian et al., 2000).   

 Seeking to capitalize on the opportunity to improve urban water quality, the 80
th

 United 

States Congress passed the Federal Water Pollution Control Act of 1948 (P.L. 845) on June 30
th

, 

1948. Regarded as the first comprehensive “water quality” law, and the basis of the current 

Clean Water Act, P.L. 845 authorized the Surgeon General to prepare comprehensive programs 

for eliminating or reducing the pollution of interstate waters and tributaries, and for improving 
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the sanitary conditions of surface and underground waters (NMCOG, 2007). It also provided for 

the preparation of comprehensive plans to abate water pollution, for the encouragement of 

interstate cooperation in this endeavor, for federal financial assistance to states and 

municipalities, for the Federal Water Pollution Control Advisory Board, and for federal authority 

to seek judicial orders for the abatement of water pollution (Barry, 1970; Burian et al., 2000). 

 The Water Quality Act of 1965 was an extension of P.L. 845, and established a uniform 

set of water quality standards. States were required to set standards for interstate waters that 

would be used to determine actual pollution levels (Copeland, 1999). In addition to the goal of 

protecting human health, the Water Quality Act of 1965 emphasized the preservation of the 

aesthetics of water resources and protecting aquatic life (Burian et al., 2000). By the late 1960s 

however, there was a widespread perception that existing enforcement procedures were too time-

consuming and that the water quality standards approach was flawed because of difficulties in 

linking a particular discharger to violations of stream quality standards (Copeland, 1999). 

 Despite the legislative actions taken to improve water quality during the mid-20
th

 century, 

rivers, streams and other bodies of water continued to deteriorate. By the late 1960s and early 

1970s, some 70% of annual industrial discharge of over 14 trillion gallons of wastewater 

received no treatment whatsoever, whereas the rest was treated in a rudimentary fashion. 

Furthermore, the discharge of organic pollutants from the nation’s sewer systems was growing, 

fish were dying in vast quantities, and almost one third of drinking water samples contained 

chemicals exceeding Public Health Service limits (Andreen and Jones, 2008). 

  

 

 



14 

 

 

2.3.5 The Clean Water Act 

  

The worsening state of navigable waters in the United States prompted the 92
nd

 Congress 

to enact a number of monumental amendments to the Federal Water Pollution Control Act of 

1948 (which is now commonly known as the Clean Water Act) which established seven primary 

goals including: 1) the elimination of releases of high amounts of toxic substances to water, 2) 

eliminating additional water pollution by 1985, 3) ensuring that surface waters would meet 

certain standards necessary for sports and recreation by 1983, 4) prohibiting the release of toxic 

amounts of pollutants, 5) development and implementation of area wide treatment management 

planning processes to control sources of pollutants, 6) control of non-point sources of pollution, 

and 7) undertaking of major research, and demonstration projects, to eliminate pollution 

discharge into the waters of the United States (NMCOG, 2007).   

 The Federal Water Pollution Control Act of 1972 (FWPCA) (Clean Water Act), was the 

first federal law that regulated stormwater in the United States (Eisen, 1995; Franzetti, n.d.). The 

Clean Water Act divided the regulation of discharge into “non-point sources” and “point 

sources” (Eisen, 1995). The Environmental Protection Agency (2011a) defines “non-point 

source” stormwater pollution as pollution that comes from many diffuse sources, unlike “point 

source” which comes from industrial sites and sewage treatment plants. The Clean Water Act of 

1972 established the National Pollutant Discharge Elimination System (NPDES) which required 

that any authorized discharge into navigable waters from point sources must be permitted by the 

EPA to do so (Eisen, 1995; Gaba, 2007, Franzetti, n.d.). At the time, the EPA considered 

stormwater runoff as a non-point source that discharged into rivers and harbors from discrete 
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conveyances (outfalls) that are point sources themselves, and therefore is subject to the NPDES 

permit requirements (Eisen, 1995). 

 In 1973, the EPA proposed rules that exempted most stormwater discharges from the 

NPDES permit requirement because of difficulties in regulating stormwater from diffuse 

discharges (non-point sources) (Eisen, 1995), except where discharges were identified as 

significant contributors to water pollution (Franzetti, n.d.).  The EPA cited ‘administrative 

inconvenience’ as the reason for exempting most stormwater discharges, saying that “regulating 

stormwater dischargers would require it to issue a tremendous number of NPDES permits for 

stormwater point sources” (Eisen, 1995: 39). In 1977, this policy was successfully challenged by 

the National Resources Defense Council (NRDC) in NRDC vs. Costle. The United States 

District Court of Appeals for the District of Columbia ruled that EPA could not pursue a policy 

of selectively exempting broad classes of point source discharges from regulation, no matter the 

perceived administrative infeasibility (Eisen, 1995). 

 In 1976, the EPA sought to address the issues associated with non-point stormwater 

regulation, and created general permits for separate storm sewer systems (MS4s). However under 

this new rule, only a notice of intent to be covered by the general permit was required (Franzetti, 

n.d.). This was likely due to the forthcoming Clean Water Act that was passed in 1977. The 

Clean Water Act of 1977 (P.L. 95-217) extensively amended the FWPCA to include the 

following provisions (as it pertains to stormwater regulation): 1) development of a “Best 

Management Practices” program, 2) authorization of $6 million for the Secretary of Interior to 

complete the National Wetlands Inventory by the end of 1981, and 3) extended the CWA to 

cover stormwater discharges from MS4s (NMCOG, 2007). 
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 The EPA discontinued its attempt to narrow the definition of stormwater point source as 

it had tried since NRDC vs. Costle in 1984 by creating two tiers of stormwater discharges. Group 

I dischargers under this rule were the larger municipal facilities and outfalls, which required a 

lengthier application process, while the Group II dischargers were smaller, and thus the 

application period was much faster (Eisen, 1995). In 1985, the EPA responded to criticism by 

ruling that Group I point sources had until the end of 1987 for compliance, and the Group II 

sources had until June 30, 1989. This effectively meant that there would be no regulation of 

stormwater discharges until 1988, and environmentalists and the NRDC were enraged at the lack 

of action by the EPA (Eisen, 1995). Congress felt compelled to act on effective stormwater 

regulation as the EPA was seemingly dragging their feet on the matter. 

 The 100
th

 Congress passed the Water Quality Act of 1987 (P.L. 100-4) which is the 

framework that guides current stormwater regulation in the United States (Eisen, 1995; 

NMCOG, 2007; Franzetti, n.d.). The Water Quality Act of 1987 amended the Section 402 of the 

Clean Water Act and established specific deadlines and permit requirements for stormwater 

discharges, and stated in Section 402(p) that any stormwater discharge after October 1, 1994 

without a NPDES permit would be unlawful (Eisen, 1995). The WQA of 1987 required for the 

first time stormwater discharge permits from a variety of previously exempted activities such as 

industrial activity and MS4s serving a population of 100,000 or more (Franzetti, n.d.). The WQA 

of 1987 also required a two-phase national program to address water pollution created from 

stormwater, and mandated that discharges from towns and cities be classified as point sources. 

Phase I regulations became effective on December 17
th

, 1990, while Phase II regulations were 

finalized in December of 1999 (NMCOG, 2007; Franzetti, n.d.). 
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 Many of the new regulations applied directly to MS4s and other large dischargers, 

however over 43 million people were served by combined sewer systems (CSS) in 1,100 

communities nationwide in 1995. To pre-empt any issues, the EPA issued the National 

Combined Sewer Overflow (CSO) Control Strategy on August 10, 1989 to reaffirm that CSOs 

are point source discharges subject to NPDES permit requirements and the Clean Water Act 

(EPA, 1995). Municipalities served by combined systems were required by January 1
st
, 1997 to 

implement nine minimum technology controls (Franzetti, n.d.). These “nine minimum controls” 

included: 1) proper operation and regular maintenance programs for the sewer system and CSOs, 

2) maximum use of the collection system for storage, 3) review pretreatment requirements to 

assure CSO impacts are minimized, 4) maximization of flow to the publicly owned treatment 

facility, 5) prohibition of CSOs during dry weather, 6) control of solid and floatable materials in 

CSOs, 7) pollution prevention, 8) public notification program to educate public about CSOs and 

CSO impacts, and 9) monitoring to effectively characterize CSO impacts and the efficacy of 

CSO controls (EPA, 1995).   

 

2.3.6 Phase I Program 

 

 Phase I of the EPA’s stormwater regulation program was finalized in 1990. It regulates 

stormwater discharges from ten types of industrial activities (including the entire manufacturing 

sector), construction sites of five or more acres, and medium or large MS4s that serve an area of 

100,000 or more people (NRC, 2008). Also included in the industrial activities are hazardous 

waste facilities, landfills, and recycling centers (Franzetti, n.d.). Industrial sites are required to 

implement best available technology (BAT) and best conventional pollutant control technology 
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(BCT) to control their stormwater and reduce pollutants such as metal, organics, TSS, pH, and 

fecal coliform (Gaba, 2007; NRC, 2008; WKA, 2009; Franzetti, n.d.).   

 Municipalities with MS4 systems, however, are required to implement controls to reduce 

the discharge of pollutants to the ‘maximum extent practicable’ (MEP) which includes 

management practices, system design and engineering methods. The EPA did not however 

define MEP, and methods to satisfy this requirement would require site-specific measures unlike 

the “end of pipe” techniques of other Phase I activities (Eisen, 1995; WKA, 2009).  

 

2.3.7 Phase II Program 

 

 The rules for the Phase II program were released on December 8
th

, 1999. The Phase II 

program greatly expanded the scope of the stormwater permit program to include construction 

sites of less than five acres, which were now required to implement BMPs to minimize pollutant 

runoff. Small construction sites had until December 8
th

, 2002 to develop permits, and were 

required to be permitted by March 10
th

, 2003 (WKA, 2009). Also covered under Phase II are 

MS4s operated by smaller municipalities serving a population of less than 100,000 people, but 

with at least a population of 50,000 at an overall density of 1,000 per square mile (WKA, 2009; 

Franzetti, n.d.).  

 The EPA estimated that approximately 3,500 municipalities would be covered by the 

Phase II rules which required these permittees to reduce pollutants in stormwater to the 

maximum extent practicable (MEP). But rather than the traditional ‘command and control’ 

measures that the EPA had historically used, the Phase II program is more flexible and 

reasonable in allowing smaller communities with limited resources to devise their own programs 
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to meet the standards. More bluntly, the Phase II program wanted to get away from imposing 

unfunded mandates on communities with already strained budgets. 

 Phase II municipalities were to develop stormwater management plans (SWMPs) that 

were more paperwork than construction projects. The SWMPs were to include six minimum 

stormwater control measures including: 1) public education and outreach, 2) public 

participation/involvement, 3) illicit discharge detection and elimination, 4) construction site 

runoff, 5) post-construction runoff, and 6) pollution prevention/good housekeeping (WKA, 2009; 

Franzetti, n.d.). 

 

2.4 Urban Hydrologic Changes 

 

2.4.1 Impervious Surfaces 

 

 Stormwater runoff is a direct effect of impervious surface cover that characterizes urban 

environments. Increased urbanization has resulted in increased amounts of impervious surfaces, 

including roads, parking lots, roof tops, among others (Brabec et al., 2002). The National 

Oceanic and Atmospheric Administration (NOAA) estimates that there are over 25 million acres 

of impervious surfaces in the continental United States, and that it is not uncommon for over 

45% of urban land cover to be impervious (Kloss and Calarusse, 2006).   

 Arnold and Gibbons (1996) defined four basic qualities of imperviousness that make it an 

important indicator of environmental quality: (1) although the impervious surface does not 

directly generate pollution, a clear link has been made between impervious surface and the 

hydrologic changes that degrade water quality; (2) an impervious surface is a characteristic of 
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urbanization; (3) an impervious surface prevents natural pollutant processing in the soil by 

preventing percolation; and (4) impervious surfaces convey pollutants into the waterways, 

typically through the direct piping of stormwater. 

 

 
 

Increased   

Imperviousness leads 

to: 

Resulting Impacts 

 

Flooding 

 

Habitat loss (e.g., inadequate substrate, 

loss of riparian areas, etc.) 

 

Erosion 

 

Channel  

widening 

 

Streambed 

alteration 

Increased volume * * * * * 

Increased peak flow * * * * * 

Increased peak flow 

duration 

* * * * * 

Increased stream 

temperature 

 *    

Decreased base flow  *    

Changes in sediment 

loadings 

* * * * * 

Table 1: Impacts from increases in impervious surfaces. Source: EPA (2011b) 

 

2.4.2 Surface Runoff 

 

 

Under natural and undeveloped conditions, surface runoff can range from 10 to 30 

percent of the total annual precipitation. However depending on the level of development in a 

given area, the alteration of physical conditions can result in a significant increase of surface 

runoff to over 50 percent of the overall precipitation (DER, 1999). Figure 1 shows the changes of 

surface runoff given impervious surface conditions. 

Runoff volumes are dramatically influenced by impervious surfaces. According to NRDC 

(1999), a one inch rainstorm on a one acre natural meadow would typically produce 218 cubic 
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feet of runoff which is enough to fill a standard sized office to a depth of nearly two feet. 

However, when the same storm over a one acre paved parking lot occurs, 3,450 cubic feet of 

runoff is produced which is enough to completely fill three standard sized offices. 

 

 

Figure 1: Surface runoff changes. Source: FISRWG (1998) 

 

2.4.3 Urban Flooding 

 

Alterations to site runoff characteristics can cause an increase in the volume and 

frequency of runoff flows. Changes in surface characteristics can disrupt the natural hydrologic 

balance resulting in higher runoff velocities that can cause flooding and compromise the 

ecological integrity of streams (DER, 1999). Where smaller storms prior to development did not 

produce runoff and flooding of local streams due to development within stream valleys and 
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urban watersheds, they now do. Hydrographs from urbanized areas show a clear distinction 

between flow rate/quantity and time of pre-and post-developed sites. Paul and Meyer (2001) say 

that the lag time, the time difference between the center of precipitation volume to the center of 

runoff volume, is shortened in urban catchments which leads to floods that peak more rapidly. 

Figure 2 shows that the flow rates in urbanized areas peak sooner with greater volumes of 

precipitation. 

 

 

Figure 2: Pre-and post-development hydrograph. Source: Ryerson (n.d.) 

 

 The Natural Resources Defense Council (1999) state that “the most dramatic 

consequence of increases in the volume and rate of stormwater runoff is flooding and property 

damage.” NRDC (1999) also found that due to the increase of impervious surface covers in 

watersheds, a flood event that should be expected once in 100 years could occur once every five 

years when impervious cover reaches 25 percent, and could become an annual event in a 

watershed comprised of 65 percent impervious surfaces. FEMA in 1997 stated that, “about 90% 
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of our natural disasters involve flooding in one way or another [and] as more and more land is 

cleared for development or paved over, there is less and less available to soak up excess water” 

(NRDC, 1999). 

 

2.5 Stormwater Pollution 

 

2.5.1 Pollutants 

 

 Urban stormwater runoff is recognized as one of the greatest sources of water quality 

impairment for downstream waterways and aquatic ecosystems due to its high concentration of 

numerous pollutants (Hsieh et al., 2007; Eckley and Branfireun, 2009; Greenway, 2010).   

 The most common toxic metals found in stormwater runoff are zinc, copper, lead, and 

cadmium (EPA, 1997; Paul and Meyer, 2001). Paul and Meyer (2001) say that in addition to 

industrial discharges, metals found in urban catchments come from brake linings, tires, and 

engine parts that all contain nickel, chromium, lead, copper, and manganese. Mercury, iron, 

cobalt, molybdenum, and tin have also been found in elevated concentrations in urban stream 

sediments as a result of emissions from the burning of coal and other sources (Paul and Meyer, 

2001). These metals accumulate on roads and parking lots and are carried with stormwater 

during heavy rain events. Table 2 shows the general categories of pollutants in stormwater 

runoff.  

 Other pollutants found in stormwater runoff include pesticides from lawn chemicals, 

hydrocarbons from oil and grease spills, and in some instances polychlorinated biphenyls (PCBs) 

(EPA, 1997; Paul and Meyer, 2001; Kloss and Calarusse, 2006). Though outlawed due to their 

carcinogenic effects, PCBs are still found in fish at concentrations exceeding consumption-level 



24 

 

guidelines in urban rivers such as the Chattahoochee River near Atlanta, Georgia and the 

Willamette Basin in Oregon (Paul and Meyer, 2001). 

 

Pollutant Source 

Bacteria Pet waste, wastewater collection systems 

Metals Automobiles, roof shingles 

Nutrients Lawns, gardens, atmospheric deposition 

Oil and grease Automobiles 

Oxygen-depleting substances Organic matter, trash 

Pesticides Lawns, gardens 

Sediment Construction sites, roadways 

Toxic chemicals Automobiles, industrial facilities 

Trash and debris Multiple sources 

Table 2: Urban stormwater pollutants. Source: Kloss and Calarusse (2006) 

 

2.5.2 First Flush Phenomenon 

 

 “First flush” is a term that has been used to refer to the initial period of a storm event 

which contains a large percentage of the total pollution found in stormwater runoff (Deletic, 

1998; Taebi and Droste, 2004; Mitchell et al., 2010). Generally, the first flush is influenced by 

many parameters such as watershed/catchment area, rainfall intensity, impervious area, and 

antecedent dry weather period (Lee et al., 2002). For these reasons, Deletic (1998) finds that the 

first flush phenomenon is complex and site specific. Mitchell et al. (2010) say that by 

characterizing and treating the first flush, adverse water quality effects of runoff can be 

minimized while requiring less volume to be treated. Figure 3 shows pollutant loading curves 

from varying intensities of first flushes. 
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Figure 3: Normalized cumulative pollutant loads curve. Source: Taebi and Droste (2004) 

       

2.6 Green Infrastructure 

 

2.6.1 Definition 

 

 The EPA (2011c) defines green infrastructure (GI) as an “approach to wet weather 

management that is cost-effective, sustainable, and environmentally friendly” and that GI 

management approaches and technologies can be used to infiltrate, evapotranspire, capture, and 

reuse stormwater to maintain or restore natural hydrologies.  

  Green Infrastructure at first glance may appear to be a contradiction, with infrastructure 

being defined as, “the substructure or underlying foundation, especially the basic installations 
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and facilities on which the continuance and growth of a community depends” (Benedict and 

McMahon, 2002: 12). This usually conjures images of “gray” infrastructure (i.e. roads, sewers, 

utility lines), yet GI is instead an alternative form of infrastructure that seeks to produce 

economic, social, and most importantly, environmental benefits. 

 Green infrastructure can formally be defined as, “an interconnected network of green 

space that conserves natural ecosystem values and functions and provides associated benefits to 

human populations” (Benedict and McMahon, 2002: 12). Because this definition is broad and all 

encompassing, GI can be broken down into discipline-specific contexts such as landscape 

ecology, wildlife biology, landscape architecture, and civil engineering.   

Green infrastructure can apply to large scale non-structural best management practices 

(BMPs) such as wildlife corridors, wetland preserves, and riparian buffers. Smaller scale green 

infrastructure involves using low impact development (LID) techniques and structural BMPs 

including tree box filters, rain gardens, vegetated swales, open space, and urban gardens to deal 

with stormwater runoff management. Engineering and architectural techniques such as green 

roofs and permeable pavements are also structural BMPs (Dunn, 2010).   

 The concept of green infrastructure was born out of a recognition that stand-alone green 

patches do not adequately compensate for the disruption in the natural hydrologic cycle caused 

by urban development. In 1903, landscape architect Frederick Law Olmstead stated that “no 

single park, no matter how large and how well designed, would provide the citizens with the 

beneficial influences of nature”, alluding to the notion that greenspaces need to be connected, 

rather than fragmented islands, to be effective (Benedict and McMahon, 2002: 13).  
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2.6.2 Principles of Green Infrastructure  

 

Benedict and McMahon (2002) offer seven essential principles of green infrastructure.  

The first principle states that that GI should function as the framework for conservation and 

development. Principle number two says to design and plan green infrastructure before 

development, meaning that whenever possible, incorporate GI techniques prior to development, 

as it can become difficult to modify an existing development in the future. The third principle 

states that linkage is key; referring to Olmstead’s recognition that greenspace needs to be an 

ecological network. The fourth principle acknowledges that GI functions across jurisdictions and 

at different scales. The fifth principle states that GI is grounded in empirical science and land-

use planning theories and practices, and that initiatives should incorporate the expertise of the 

appropriate context, be it landscape ecology, civil engineering, or wildlife biology. The sixth 

principle states that GI is a critical public investment, and that it should be funded in the same 

way as our current built infrastructure. The final principle states that GI engages key partners 

and involves diverse stakeholders. Community involvement is key to seeing that green 

infrastructure is realized and maintained for the future. 

 

2.6.3 Policy Barriers to Green Infrastructure 

 

 Along with obvious site restrictions (soils, land availability, topography), there also exist 

barriers within the zoning code, local ordinances, and other public policies that inhibit the use of 

green infrastructure BMPs.  

 The Clean Water America Alliance (2011) finds three common themes in regards to legal 

and regulatory barriers to green infrastructure. They say that local rules can be lacking, 
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conflicting, or restrictive. Also, they find that state water and land-use laws can be complicating 

factors. Finally, they say that federal rules can be conflicting, over-reaching, or silent in key 

aspects.  

 HUD (2003) discusses how developers often need to apply for variances to use green 

infrastructure or LID in their designs, resulting in long delays and unnecessary costs. They 

suggest that local governments update the code to make the permit process for developers 

wishing to use GI/LID at least equal or perhaps faster to incentivize their use.  

 

2.7 Green Infrastructure Structural BMPs 

 

2.7.1 Introduction  

 

Green infrastructure best management practices (BMPs) are intended to treat, reduce, and 

delay non-point source stormwater pollution. The EPA defines non-point source stormwater 

pollution as pollution that comes from many diffuse sources, unlike point source which comes 

from industrial and sewage treatment plants (EPA, 2011a).  

 The purpose of structural BMPs is to collect, convey, or detain stormwater to improve 

water quality and/or provide a reuse function. Lloyd et al. (2002) identify numerous structural 

BMPs, including: diversion of runoff to garden beds, rainwater tank, sediment trap, biofiltration 

system, native vegetation with drip irrigation systems, porous pavements, buffer strips, dry 

retention system, and swales. They say, however, that in built-up catchments, land availability 

often limits the BMP that can be used to control stormwater.  
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2.7.2 BMP Selection Criteria 

 

Deciding on the appropriate structural BMP is contingent on a variety of factors. The 

literature tells us that BMPs can be selected based on available space and landscape 

characteristics (Lloyd et al., 2002), scale of government jurisdiction (Martin et al., 2007), cost of 

implementation (Sample et al., 2003), economic benefits (Wossink and Hunt, 2003), and 

social/community benefits (Wolf, 2003) 

 Lloyd et al. (2002) say that the selection of structural BMPs should be based on 

maximizing flow control and/or water quality benefits relative to the costs incurred over the life 

of the asset(s), along with achieving premium treatment effectiveness with minimal design 

issues.   

 Battiata et al. (2010) identify three steps in their Runoff Reduction Method (RRM) that 

help identify which BMPs should be used in a stormwater management project or plan. They say 

that practices to help reduce runoff (with percent reduced) such as permeable pavements (45-75), 

bioretention (40-80), and dry swales (40-60) should be used.  Also, they say that in order to 

remove pollutants from stormwater (percent removed), practices such as grassy channels (15-

20), permeable pavements (25), and water quality swales (20-45) should be explored. Lloyd et al. 

(2002) confirm many these findings, and add that retarding basins and biofiltration systems can 

assist in flood management, flow attenuation, and reduce flow volume. Table 3 shows pollutant 

removal effectiveness for each BMP type. 
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Table 3: Pollutant removal capabilities of BMPs (%). Source: HUD (2003) 

 

 Martin et al. (2007) used a French national study on stormwater control to illustrate a 

multicriteria approach at identifying appropriate BMPs. They found that priorities varied by level 

of government and interest group. The French study showed that local governments weighted 

capital and maintenance costs the highest, regional governments prioritized the impact on 

groundwater quality and pollution retention, and homeowners' associations preferred BMPs that 

contributed to sustainable development and improved amenities. 
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2.7.3 BMP Examples 

 

 

Figure 4: Green infrastructure BMPs. Source: MWS (2009a) 

 

Bioretention 

Bioretention systems are among the most recognized and popular alternative to 

conventional stormwater management. Bioretention BMPs such as bioswales and rain gardens 

are shallow topographic depressions filled with engineered soils and vegetation that retain, treat, 

and infiltrate water  and successfully remove pollutants through increased contact time with soils 

and plant materials (HUD, 2003). Compared with conventional storm water management 

systems, bioretention areas more closely mimic the natural hydrologic cycle. 

Bioretention systems are site-solutions that treat stormwater runoff from rooftops, streets, 

and parking lots. Bioswales can be situated alongside streets to absorb low flows or carry runoff 

from heavy rains to storm sewer inlets. They can improve water quality by being designed to 
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infiltrate the first flush of stormwater runoff and treat storm flows of pollutants. Bioswales 

should contain deep-rooted native plants, be designed with infiltration rates greater than one-half 

inch per hour, and be able to convey at least a 10-year storm event (NRCS, 2005).  

Rain gardens are most commonly found on residential property, but can be used in 

commercial parks as well. On the surface, rain gardens look like attractive gardens that can 

support habitat for birds and butterflies, yet below the surface, natural processes are occurring 

that mimic the hydrologic action of a healthy forest. Rain gardens should be designed to drain 

within four hours of a one inch rain event (LIDC, 2007).  

Costs and benefits vary based on size, but can range from $3 to $15 per square foot of 

bioretention area (EPA, 2000). Much of the costs incurred come from purchasing plants and soils 

for the system (HUD, 2003). Maintenance consists of changing the soil mixture and replanting 

vegetation. 
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Figure 5: Bioswale drawing. Source: PBES (n.d.) 

 

 

 

Figure 6: Rain garden plan. Source: HUD (2003) 
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Pervious Pavements 

 Pervious pavements are green infrastructure BMPs that allow stormwater to infiltrate into 

the ground or engineered medium preventing the ponding of water and other adverse effects of 

stormwater runoff. Pervious pavements, asphalt, or concrete provide a hard surface that can be 

used in parking lots, sidewalks, bike lanes, or low-congested side streets or driveways. 

According to CRWA (2008), permeably paved areas are typically designed to infiltrate runoff 

from at least a two-year storm, reducing runoff from most storms by 100%. 

Pervious pavements/pavers are commonly made up of a matrix of concrete blocks or a 

plastic web-type structure with voids filled with sand, gravel, or soil (Brattebo and Booth, 2003), 

whereas pervious asphalt consists of coarse stone aggregate and asphalt binder with very little 

fine aggregate (PBES, n.d.). Some systems can contain an under-drain to convey to storage tanks 

or an outlet stream. 

Costs are normally the major barrier for the use of pervious pavements/asphalts 

(Gunderson, 2008). Permeable paver stones and blocks range from $2 to $4, whereas pervious 

asphalt can range from $0.50 to $1 per square foot (EPA, 2000). When the full cost includes the 

underground infiltration bed, installation costs range from $7 to $15 per square foot (CRWA, 

2008). Gunderson (2008) says that while pervious asphalt costs 20-25% more than conventional 

asphalt, a life cycle cost-analysis shows that pervious pavement systems are more economical in 

the long run as conventional pavement typically lasts 12 to 15 years, while pervious pavement 

can last more than 30 years. 

Another barrier for using pervious pavements/asphalts is the perception that they do not 

perform well in cold climates. The literature shows that this concern is unfounded. Studies done 

at the University of New Hampshire Stormwater Center (UNHSC) show that the voids in 



35 

 

pervious pavement/asphalt allow for the infiltration of snow and reduce the need for winter 

maintenance as permeable pavers can create the “igloo effect” (insulation) upon the subsurface 

medium and in turn keeps the ground warm enough to melt snow faster than conventional 

impervious pavement/asphalt (Gunderson, 2008).  

 

 

Figure 7: Pervious pavement and asphalt cross-section. Source: CRWA (2008) 

  

Tree-box Filters 

 Tree-box filters or stormwater tree pits consist of an underground structure and above 

ground plantings (shrubs, trees, etc.) which collect and treat stormwater runoff from streets and 

parking lots. These filters can be placed alongside streets and be designed to resemble the 

surrounding sidewalk. They typically include a ready-made concrete box containing an 

appropriate soil mixture and plantings (CRWA, 2008). 

 Tree-box filters are designed to capture and treat smaller storms, but should be used in 

conjunction with other stormwater BMPs to be effective in larger storm events. Costs are 



36 

 

generally high for tree-box filters due to their prefabricated design. Prices can range from $8,000 

to $10,000 for one prefabricated system which includes filter material, plants, and sometimes 

maintenance (depending on the provider), and $1,500 to $6,000 for installation (CRWA, 2008).  

 

Figure 8: Tree-box filter schematic. Source: CRWA (2008) 

 

 

Green Roofs 

Green roofs, also known as vegetated roofs, ecoroofs, or nature roofs, are structural 

components that capture, filter, and detain rainfall (MWS, 2009a). A top layer of vegetation (e.g. 

grass, shrubs, plants, etc.) absorbs and transpires rainfall with the remaining water infiltrating 

through an engineered soil. 

There are two types of green roofs: intensive and extensive. Intensive green roofs have 

thicker soil layers (greater than 6”) and can support large plants such as shrubs and trees 

(CRWA, 2008). Extensive green roofs have minimal shallow layers (less than 6”) and can only 
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support smaller vegetation such as grass, succulents, herbs, and/or mosses. Extensive green roofs 

require less maintenance and are the most common for pilot and retrofit projects (CRWA, 2008; 

MWS, 2009a). 

 

  Extensive Intensive 

Maintenance  Low High 

Irrigation  No (except start-up irrigation) Regular 

Plant Communities  Moss-Sedum-Herbs and Grasses; 

Low growing, self-sufficient, and 

self-propagating plants 

Lawn or Perennials; 

Shrubs and Trees; 

Larger species 

Plant Heights  2” to 12” 12” to 36” + 

Growing Media Depth  1.5” to 8”, 4” to 6” typical 4” to 79” + 

Costs  Less Most 

Use 

 

 Ecological protection layer, usually 

non-accessible 

Park-like garden, 

designed for access 

Stormwater Reduction  Lowest Highest 

Roof Slopes 

 

 Slopes up to 30 degrees 

 

Only used on low 

slopes 

General Weights (saturated)  13 to 30 psf 35 to 100 + psf 

Table 4: Extensive versus intensive green roofs. Adapted from Arrowstreet (2009) 

 

Benefits associated with green roofs are stormwater management, energy savings, and 

urban heat island (UHI) effect reduction (CRWA, 2008; MWS, 2009a; Dunn, 2010). Green roofs 

can reduce stormwater runoff volume (70-90%), flow (50-90%), and pollutants (80-90%) during 

a single storm event (CRWA, 2008). Green roofs also act as insulation for buildings reducing 

heat loss, and thus heating costs, by over 25% (CRWA, 2008; MWS, 2009b), and the vegetated 

surface can reduce the roof top temperature by as much as 50°F in the summer, reducing the UHI 

effect and cooling costs (Dunn, 2010). Green roofs can also extend the life of a roof by as much 

as 45 years more than conventional roof tops due to the lack of daily expansion and contraction 

of roofing materials (Rowe, 2011).  
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 Initial costs associated with installing a green roof in the United States can be expensive. 

For extensive roofs, costs (including all structural components) can range from $5 to $50 per 

square foot (CRWA, 2008; EPA, 2009). Other costs might include water proofing tests and 

structural analyses to determine if a retrofitted structure can hold the weight of a saturated green 

roof. Although initial costs are high, green roofs have longer lifespans than conventional roofs, 

reduce the need for other stormwater management controls, and they reduce building energy 

costs (CRWA, 2008).  

 

 

 
Figure 9: Green roof layers. Source: EPA (2009) 
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BMP Volume Peak Discharge Water Quality 

Downspout Disconnection    

Vegetated Swales    

Infiltration Practices    

Pocket Wetlands     

Permeable Pavement    

Rain Barrels/Cisterns    

Rain Gardens    

Tree Box Filters    

Green Roofs    

Table 5: Green infrastructure BMPs stormwater benefits. Adapted from MWS (2009a) 
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3 Study Area 

3.1 Introduction 
 

The Richland Avenue Corridor runs perpendicular to the Hocking River. Approximately 

1.7 miles in length, the Corridor begins at the S.R. 682 roundabout and ends at the intersection of 

Pomeroy Road and US 50 (City of Athens, 2003). Developable areas are located within the 

floodplain of Coates Run which results in frequent street flooding and ponding issues. The area 

is highly developed with large residential complexes (The Summit at Coates Run, University 

Courtyard, and Carriage Hill Apartments), commercial uses, and smaller residential buildings.  

The City of Athens Comprehensive Plan (2003) suggests that the Richland Avenue 

Corridor needs “sprucing up” which would include streetscaping work, landscaping, new 

signage, and lighting. Concerned citizens have suggested that the Corridor is not conducive to 

pedestrian and bike traffic. Improvements to the Richland Avenue Corridor such as streetscaping 

and landscaping for flood control would be welcomed by citizens as more and more students are 

walking and biking to the university from the residential complexes and apartments on the south 

side. 
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Map 1: Richland Avenue Corridor 
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3.2 Geographic Features 

 

Map 2: Elevation map of the Richland Avenue Corridor. 
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3.2.1 Soils 

 

 The Richland Avenue Corridor (RAC) is comprised mostly of well-drained Chagrin silt 

loam (Cg) soils. Other soils in the corridor include hillside soils such as: Berks-Westmoreland 

silt loams (BkF), Brookside silt loam (BrE), Dekalb-Westmoreland complex (DtF), Glenford silt 

loam (GmA), Licking silt loams (LkB, LkC), McGary silt loam (McA), Steinsbury sandy loam 

(StF), Udorthents loams (Ud), and Westmoreland-Guernsey silt loams (WhD, WhE, WhF). 

 Chagrin silt loam (Cg) soils are common in flood plains. In the RAC, these soils follow 

the path of Coates Run and Dairy Run. They have moderate permeability, high water capacity, 

and slow runoff. Generally, Cg soils are not suitable for buildings as they are prone to frequent 

flooding. However, nearly all of the buildings within the RAC are built on Cg soils due to their 

nearly level topography (0-3% slopes). 
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Map 3: Soil composition of the Richland Avenue Corridor. 
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Soil Depth (In) Clay (%) Permeability 

(In/hr) 

Available water 

capacity (In/in) 

Shrink-swell 

potential 

 

Cg 

0-9 10-27 0.6-2.0 0.20-0.23 Low 

9-35 18-30 0.6-2.0 0.14-0.20 Low 

35-60 5-25 0.6-2.0 0.08-0.20 Low 

 

BkF 

0-5 5-23 0.6-6.0 0.12-0.17 Low 

5-16 5-32 0.6-6.0 0.04-0.10 Low 

16-23 5-20 2.0-6.0 0.04-0.10 Low 

 

BrE 

0-5 18-27 0.6-2.0 0.19-0.24 Moderate 

5-36 30-60 0.2-0.6 0.07-0.14 High 

35-60 30-60 0.2-0.6 0.05-0.12 High 

DtF 0-4 10-20 2.0-20 0.08-0.12 Low 

4-29 7-18 2.0-20 0.06-0.12 Low 

 

GmA 

 

0-10 16-27 0.6-2.0 0.16-0.20 Low 

10-45 18-35 0.2-2.0 0.14-0.18 Moderate 

45-60 16-30 0.2-2.0 0.12-0.17 Low 

 0-8 15-27 0.6-2.0 0.14-0.18 Low 

LkB, LkC 8-13 24-35 0.2-0.6 0.12-0.16 Moderate 

 13-45 40-60 0.06-0.2 0.10-0.14 High 

45-60 40-60 0.06-0.2 0.10-0.16 High 

 0-8 22-27 0.6-2.0 0.22-0.24 Low 

McA 8-52 35-50 <0.2 0.11-0.13 High 

 52-60 35-50 <0.2 0.14-0.16 High 

StF 0-19 10-20 2.0-6.0 0.10-0.14 Low 

19-37 5-18 2.0-6.0 0.04-0.08 Low 

 0-9 15-30 0.6-2.0 0.16-0.20 Low 

WhD, WhE 

 

9-29 20-35 0.6-2.0 0.12-0.18 Low 

29-45 18-35 0.6-2.0 0.06-0.10 Low 

 

WhF 

0-4 15-30 0.6-2.0 0.16-0.20 Low 

4-32 20-35 0.6-2.0 0.12-0.18 Low 

32-46 18-35 0.6-2.0 0.06-0.10 Low 

Table 6: Soil characteristics of study area. Source: USDA (1985) 
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3.2.2 Precipitation   

 

Month Average Rainfall from 1981-2010 (in inches) Record 24-hr Rainfall 

(Year) 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Annual 

2.66 

2.52 

3.19 

3.33 

4.51 

3.73 

4.39 

3.20 

2.88 

2.74 

3.08 

3.14 

39.37 

2.23 (1951) 

2.72 (2000) 

4.23 (1963) 

2.46 (2005) 

4.13 (2010) 

3.70 (1974) 

4.48 (1981) 

2.96 (1949) 

5.12 (2004) 

2.49 (1975) 

2.06 (1999) 

3.76 (1991) 

-- 

Table 7: Average and record rainfall in Athens, Ohio. Source: NOAA (2012) 

 

Month Average Snowfall from 1981-2010 (in inches) Record 24-hr Snowfall 

(Year) 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Annual 

6.5 

5.7 

2.2 

0.7 

-- 

-- 

-- 

-- 

-- 

-- 

0.6 

3.4 

19.2 

13.5 (1966) 

12.0 (1960) 

6.5 (1999) 

9.0 (1987) 

-- 

-- 

-- 

-- 

-- 

-- 

8.0 (1950) 

6.5 (1963) 

-- 

Table 8: Average and record snowfall in Athens, Ohio. Source: NOAA (2012) 
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3.2.3 Impervious Cover 

 

 The Richland Avenue Corridor is characterized by 58.6% impervious cover. These 

impervious surfaces include 372,025 ft
2
 of parking lots, 298,504 ft

2
 of building footprints, and 

2,114,950 ft
2
 of impervious roadway. These surfaces prevent stormwater from naturally 

percolating into the ground and instead allow water to pool and flood low-lying areas within the 

corridor. 
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3.3 Land Use 
 

 

Map 4: Land uses in the Richland Avenue Corridor. 
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3.3.1 Residential 

 

 Residential uses within the Richland Avenue Corridor (RAC) consist of large apartment 

complexes found in the northern section including: The Summit at Coates Run, University 

Courtyard, and Carriage Hill Apartments. Residential units in the southern portion of the RAC 

are primarily smaller apartments and townhouses. 

 

3.3.2 Commercial 

 

 Commercial uses are located in buildings that are generally under 20,000 ft
2
 in size due to 

steep slopes on both sides of the RAC (City of Athens, 2003). The northern portion includes 

mostly fast food establishments (McDonald’s, Wendy’s, Taco John’s, etc.) and banking services 

such as Chase Bank and Hocking Valley Bank. 

 The southern portion consists mostly of smaller niche commercial and office uses such as 

dentistry, insurance, and auto services. The southern-most end of the RAC is adjacent to the US 

33/50 interchange and thus represents a prime location for the two fuel stations that are located at 

the intersection of Richland Avenue, Pomeroy Road, and US 33/50. 
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3.3.3 Open Space/Riparian Zone 

 

 

Figure 10: Sign designating Coates Run near Richland Avenue/Carriage Hill Drive intersection as a "Native Riparian Area". 

 

Open space in the Richland Avenue Corridor is primarily located near Coates Run, 

smaller streams, and US 33/50. The largest open spaces include the riparian zones to the north 

and south of the Ohio University Inn parking lot, where Hickory Run culverts beneath US 33/50 

into Hooper Run and Coates Run (north of University Carwash), and along the southern-most 

stretch of Coates Run. 

The Athens 2020 Plan recommends a stream restoration effort for Coates Run. One 

suggestion includes “reestablishing or creating a new vegetated buffer to prevent stormwater 

from directly draining into [Coates Run]” (City of Athens, 2003: 167). 
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3.3.4 Transportation 

 

 Richland Avenue is a three-lane street between Dairy Lane and Canterbury Drive that 

consists of a center turn lane to facilitate left turn movements. South of Canterbury Drive, 

Richland Avenue transitions into a two-lane street until its terminus at Pomeroy Road/US 33. 

 Generally, Richland Avenue is free-flowing with most of the congestion being found at 

the Hooper Street/Carriage Hill Drive intersection (City of Athens, 2003). The center turn lane 

reduces congestion for commuters who bypass commercial services found in the corridor.    

 There currently does not exist a separate bicycle facility on Richland Avenue for 

alternative commuters. Citizen responses to the Athens 2020 Comprehensive Plan indicate that 

separate bicycle facilities are a priority of the community (City of Athens, 2003). 
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3.3.5 Major Changes 

 

‘The Summit at Coates Run’ Apartment Complex 

 

 

Figure 11: "The Summit at Coates Run" apartment complex. 

          

 The Summit at Coates Run apartment complex opened for students in the summer of 2009 

(Hensley, 2008). The 856 bed, 239 unit complex was constructed not without controversy. Many 

southside residents and local environmentalists objected to the hillside development that 

removed 450,000 cubic yards of fill from the hilltop (RJM Engineering, 2011), stripped the 34 

acre site of “overburden”, and negatively affected the natural beauty and ecosystem function 

within the city of Athens.  

In 2006, the developer of The Summit at Coates Run complex, Rick Kirk of Edwards 

Communities, told the Athens Planning Commission that the now developed hillside was a 

“burden to the city” and “overgrown”, maintaining that the development company was “more 

concerned than most” similar companies about aesthetics (Hunt, 2006). By referring to the 

hillside as “wild”, the development company failed to recognize the ecosystem benefits and 

services provided by the vegetative cover and slopes. 
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Figure 12: Left: Hillside pre-development. Source Rinaldi (2008). Right: Hillside after "overburden" removed. Source: 
Athwatch (2008). 

 

 The Summit at Coates Run development altered natural hydrologies of the hillside, 

Coates Run, and the Richland Avenue Corridor by removing natural vegetative cover that 

increases surface friction (Manning’s n). Efforts need to be taken in the future to recognize the 

value of natural surface cover and hillside preservation. 
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US 33 Athens to Darwin Connector 

 

 

Figure 13: Richland Ave/Pomery Rd before (2002) and after (2011). Source: Athens County Auditor 

 

 In 1964, a group of Meigs County residents donned 19
th

 century clothes and travelled by 

horse and buggy 100 miles to Columbus in an effort to draw attention to the out-dated 

transportation network that suppressed economic growth of the area and compromised the safety 

of commuters. In 1992, then Governor George Voinovich approved a $1.6 million preliminary 

study for the project that would include a four-lane highway from Athens to Darwin. The study 

included an Environmental Assessment of the proposed project that resulted in the Federal 
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Highway Administration (FHWA) issuing a Finding of No Significant Impact (FONSI) in 1997 

(ODOT, 2004).  

 In 1999, Citizens Against Superfluous Highways (CASH) filed a lawsuit against the Ohio 

Department of Transportation (ODOT) claiming that the proposed project that impacted 0.3 

acres of wetlands, 370 acres of forest blocks, thirty acres of prime farmland, and thirty-one 

stream crossings warranted an Environmental Impact Statement (EIS) and that the FHWA’s 

FONSI was arbitrary and capricious (Sierra Club, 2001). In 2001, U.S. District Court Judge 

Edmund Sargus ruled that the EIS was not warranted and the FONSI would stand. 

 The nearly $73 million Athens to Darwin Connector project was constructed in two 

phases. Phase I from Shade to Darwin began on August 20
th

, 2002. Phase II began on November 

14
th

, 2002, and consisted of the portion from Richland Avenue in Athens to Shade. The US 33 

Athens to Darwin Connector opened to traffic on October 22
nd

, 2004
 
(ODOT, 2004). 

 Opponents to the project argued that the existing US 33 highway could have been 

improved without creating a new highway that would tear up the countryside and disturb the 

flow of natural streams (“Rt. 33 project”, 2002). Nearby property owners also had concerns 

about the blasting associated with the highway’s construction which resulted in civil action 

against ODOT in Yulish v. Ohio Department of Transportation in 2004. Yulish owned the 

property at 529 Richland Avenue and claimed that the construction of the US 33 highway caused 

her home’s foundation to crack, Coates Run to rise, and her property to flood. Yulish sought 

compensation for damages to her foundation caused by blasting and flood damage due to 

increased water flow from the new highway. The defendant (ODOT) won the case by using 

expert testimony stating that the blasting did not cause Yulish’s foundation to crack. Also, 
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ODOT claimed that above average precipitation fell in Athens during 2004 with readings of 7.85 

inches above normal between January 1
st
 and October 14

th
, 2004. The court ruled that Yulish 

failed to meet the burden of proof for her claim and ruled in ODOT’s favor (OSC, 2005). 

 The US 33 Connector highway has altered the landscape within the Richland Avenue 

Corridor (RAC) including the increase in impervious surface and increased flow of highway 

runoff into local streams such as Coates Run. A long term, detailed study of stormwater flow and 

pollutant loading into Coates Run near the US 33 highway can quantify the impact the highway 

has had on the stream quality and flooding in the RAC.  
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3.4 Existing Issues 

 

Map 5: Existing stormwater issues in the Richland Avenue Corridor. 
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3.4.1 Flooding 

 

Map 6: Flood zones within the Richland Avenue Corridor. 

 

 Since the Richland Avenue Corridor (RAC) is characterized by steep hillsides, most of 

the development within the RAC is limited to the Hocking River and Coates Run floodplains. 

There are approximately fifty buildings within the 100-year flood zone. Also, almost all of 
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Richland Avenue exists within the 100-year flood zone making virtually the entire RAC 

inaccessible should the 24 hour 100-year event of 5.0” occur (NRCS, 1986).  

 

Figure 14: Hillside runoff landing on pavement and flowing into Richland Avenue (510 Richland Avenue). 

 

 Street flooding on Richland Avenue usually occurs when private properties are unable to 

retain stormwater on-site allowing it to flow into the right-of-way to be conveyed through the 

storm-sewer system as seen in Figure 14. The sewer system can become overwhelmed by 

stormwater from large rain events and storm drains may begin to overflow into the street. 

 

Figure 15: Storm drain overflows on Richland Avenue. 
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 Richland Avenue experienced severe street flooding events in 2003 and 2004 when 2.97” 

and 2.37”, respectively, fell on Athens (Scalia Lab, n.d.). These rain events closely represent the 

National Oceanic and Atmospheric Agency’s (NOAA) 2-year 24 hour storm event for Athens of 

2.50” (NOAA, 1961).   

 

Figure 16: 7/22/04 (2.37”) and 7/23/03 (2.97”). 

  

Richland Avenue experiences significant flooding/ponding issues from storms greater 

than 1.00”. Rainfall intensity is a large determinant of how much water remains within the 

roadway, but since most of the stormwater is discharged into nearby Coates Run, large storm 

events will prevent discharges causing sewer overflow. Also, as Coates Run flows parallel to 

Richland Avenue and in some places within a few feet of the roadway, large storm events will 

flood the stream into the roadway. 

 

3.4.2 Walkability 

 

 The term ‘walkability’ has been defined as “the extent to which the built environment is 

friendly to the presence of people walking in a given area” (Burden, 2008: 2). There are many 
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factors that determine good walkability of an area, some of which include the use of buffers 

(planter strips, bike lanes, on-street parking) to create “enclosure” for the pedestrian, frequent 

and safe street crossings, and aesthetics (viewsheds, sense of place) (Burden, 2008). 

 Based on these three factors, the walkability of the Richland Avenue Corridor is rather 

low. The Athens Bicycle and Pedestrian Master Plan proposes installing more signaled 

crosswalks within the RAC to improve the safety of pedestrians crossing Richland Avenue. 

However, the main concern with the walkability of Richland Avenue is that the sidewalks are 

rated as ‘C’ meaning that they are “directly adjacent to the roadway along the curb and have no 

buffer space or vertical elements” (City of Athens, 2010: 18). The lack of buffer between the 

roadway and the sidewalk can cause sidewalks to be avoided altogether during rain events as 

pedestrians fear being constantly splashed by passing cars. 

 

Figure 17: A car driving through minor street-flooding following a 1.26" rain event. This stretch of sidewalk is not conducive 
to pedestrian traffic. 
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Figure 18: A 0.98" rainfall causes the sidewalk to become submerged in water and results in major inconveniences for 
pedestrian traffic. 

 Structures in the RAC lack architectural continuity and therefore reduce the sense of 

place of the area. Also, hillside developments have decreased the beauty of once alluring 

viewsheds. Encouragement of architectural continuity and hillside preservation efforts can 

improve the walkability of the Richland Avenue Corridor.  
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4 Green Infrastructure Study 

 

Map 7: Water quality analysis study sites. 
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4.1 Water Quality Analysis 
 

4.1.1 Sampling Methodology 

 

Scope and Application 

Water sampling and flow measurement complied, as closely as possible, with the 

accepted NPDES permit protocol for stormwater sampling. Unlike projects within the scope of 

NPDES permits, water sampling for this project was from non-point sources and therefore does 

not completely follow the NPDES Stormwater Sampling Guidance Document’s requirements for 

point-sources (industrial and municipal discharge points). 

 

Sample Preservation, Handling, and Storage 

Samples were preserved with 5ml of 20% HNO3 and refrigerated until tested. Water 

samples were placed into plastic containers and analyzed within 28 days of collection. pH testing 

was conducted in situ and thus did not require preservation or storage. 

 

 Equipment/Apparatus 

Hach “Pocket Colorimeters” were used to test water samples for metal concentrations. A 

handheld pH meter was used to test pH levels. An 8” cutthroat flume was used to measure base 

flow for Coates Run. 
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Figure 19: 8" flume used to measure stream flow at Site 3. 

 

Procedure 

Water Sampling 

Grab samples were taken to test for selected metals. Baseline samples were collected 

after at least 72 hours of dry weather conditions. Stormwater samples were collected within 30 

minutes of a 0.5 inch (or within a 50% range) rainfall event in an attempt to capture the “first 

flush”. 

 

Flow 

Base flow was measured using a cutthroat flume and was taken at the same time as water 

samples, under the same conditions. Due to safety concerns, flow characteristics for storm-events 

were calculated using the NRCS’s “Urban Hydrology for Small Watersheds: TR-55” model and 

supplied by the USGS’s Streamstats website. 
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Figure 20: Flow measuring with flume. From top to bottom: Site 1, Site 2, and Site 3. 

 

Preparation 

Preparation for sampling consisted of watching weather forecasts to anticipate when a 

representative storm event may occur, and observe rain gauges from Ohio University’s Scalia 

Lab for rainfall requirements.   
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Representative Sampling Conditions 

To determine a representative storm event, the “rain zones” diagram found in the EPA’s 

NPDES Stormwater Sampling Guidance Document was used showing Athens to be in the 

Northeast region, characterized by an 11.2 hour average storm duration, with an average of 0.5 

inches of rainfall. Also referring to this source, a storm event was considered representative if it 

fell within 50% below or above average data (i.e. 5.6 to 16.8 hours and 0.25 to 0.75 inches).  

Scalia Lab’s rain gauges were the source of real-time precipitation data. 

 

4.1.2 Results 

 

Metal Concentrations 

Base Flow pH Zinc (mg/L) Cobalt (mg/L) Iron (mg/L) Nickel (mg/L) 

Site 1 7.45-7.96 0.03-0.04  0.02-0.03 0.12-0.18 0.01 

Site 2 8.37-8.88 0.03-0.21 0.01-0.07 0.19-0.22 0.03 

Site 3 7.99-8.65 0.02-0.10 0.06-0.10 0.12-0.33 0.03 
Table 9: Base flow metal concentrations taken 1/10/12 and 2/28/12. 

  

Storm 1 (0.32”) pH Zinc (mg/L) Cobalt (mg/L) Iron (mg/L) Nickel (mg/L) 

Site 1 8.45 0.03  3.35* 4.02 0.50 

Site 2 8.00 0.05 0.40 0.68 0.05 

Site 3 7.94 0.05 4.00* 1.60 0.20 
Table 10: Metal concentrations from a 0.32" storm. 

*Sample required dilution (5x)  

Storm 2 (0.77”) pH Zinc (mg/L) Cobalt (mg/L) Iron (mg/L) Nickel (mg/L) 

Site 1 8.95 0.01  8.00* 5.43 3.70* 

Site 2 8.52 0.05 1.50 1.58 0.50 

Site 3 8.20 0.05 2.40* 1.30 1.00* 
Table 11: Metal concentrations from a 0.77" storm. 

 *Sample required dilution (5x) 
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Stormwater samples from Storm 1 were taken on 01/11/12 within 30 minutes of the end 

of a 0.32” rainfall. The results show high concentrations for each metal when compared to 

average stormwater concentrations (Mitchell et al., 2010). High concentrations from Site 1 likely 

resulted from runoff from the US 33 and US 50/32 highways. Metals became dispersed before 

Site 2 which showed lower levels. Between Site 2 and Site 3, there were additional loadings into 

Coates Run. Possible sources included runoff from the McDonald’s parking lot, The Summit at 

Coates Run apartment complex, and Richland Avenue. 

Stormwater samples were taken on 2/29/12 following a 0.77” rainfall event. Results 

showed a similar trend between sites as the smaller 0.32” rainfall did. Nickel concentrations were 

much higher in these samples, likely due to a larger “flush” of metals from impervious surfaces. 

Unusually high amounts of cobalt were found in the stormwater samples. Cobalt is not 

known to be found in stormwater runoff at the concentrations found in this study (Nagpal, 2003). 

Sources of cobalt in stormwater might include the corrosion of steel alloys, batteries, emissions 

from the burning of coal, paints, ceramics, and petroleum-based substances (Paul and Meyer, 

2001; Nagpal, 2003). Further studies should be conducted to discover the source of these cobalt 

loadings and to determine its immediate effects on water quality in the Hocking River watershed. 
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4.2 Flow Measurements 
 

4.2.1 Base Flow 

 

Site Flow (cfs) 

1 0.58 

2 0.03 

3 0.17 

Average 0.26 
Table 12: Base flow measurements of Coates Run taken 1/10/12. 

 Base flow rate of Coates Run is considered very low. As a small perennial stream, flow 

during dry periods is low but can quickly turn into a raging body of water during storm events.  

 

Figure 21: Change in flow and volume of Coates Run. Left (0.43"), Right (1.26"). 

 

4.2.2 Storm Flow 

 

 Storm flows were calculated by using the USGS’s Streamstats website. Table 13 shows 

the estimated flow in Coates Run per design storm event. Large storm events have a substantial 

impact on the flow of Coates Run. The flow of Coates Run increases by over 10,000% between 

the recorded average base flow and the estimated 24 hour 2-year storm event which is 2.50” 
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(NRCS, 1986). This change is commonly displayed by moderate to severe street-flooding in the 

Richland Avenue Corridor. 

Storm Estimate Flow (cfs) 

2-year 27.3 

5-year 48 

10-year 62.7 

25-year 81.8 

50-year 95.9 

100-year 110 

500-year 143 
Table 13: Estimated storm flows for Coates Run. Source: Streamstats (2012). 

 The U.S. Natural Resources Conservation Service’s (NRCS) TR-55 (Urban Hydrology 

for Small Watersheds) manual is an important tool for estimating runoff curve numbers (CN) for 

urban catchments. This manual contains a list of curve numbers for given land uses (e.g. open 

space, impervious areas, residential districts, etc.) per each soil type (A, B, C, D). Curve numbers 

range from 30 to 98 with 30 being highly permeable cover and 98 meaning no permeability. 

According to the TR-55 manual, the Chagrin soils that comprise the Richland Avenue Corridor 

are designated as ‘B’ soils.  

 Curve numbers for paved areas such as parking lots, roofs and driveways (excluding 

ROW) are 98 for all soils which means that nearly all precipitation that falls on a surface with 

this CN will turn into runoff and fail to percolate. Paved streets and roads (including ROW) have 

a CN of 89 for ‘B’ soils (NRCS, 1985).  

 Table 14 shows the runoff depth for curve numbers per rainfall amount. As the Richland 

Avenue Corridor is comprised of 58.6% impervious cover including curve numbers of 89 and 98, 

it is estimated that for every inch of rainfall, 0.32” to 0.79” is considered to be runoff from 

impervious surfaces. 
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Table 14: Stormwater runoff depths per rainfall and curve number. Source: NRCS (1986). 

 

4.3 Traffic Analysis 

 

 TEC Engineering, Inc. conducted a traffic study for Richland Avenue in 2008 (TEC, 

2008). Results from this study indicate that the majority of both northbound and southbound 

traffic is located north of the Carriage Hill Drive/Hooper Street intersection. Much of this traffic 

is generated from the daily commute of residents on the southside of Athens and south of the 

city. 

 These results show that Richland Avenue experiences more daily northbound traffic than 

southbound. This could be a result of morning commuters utilizing this corridor for commercial 

services such as fuel and food services, while using alternative routes for evening commutes.   
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Location Average Daily Count 

Northbound Southbound 

Dairy Ln. 8130 7863 

Carriage Hill Dr./Hooper St. 4497 6180 

Canterbury Dr. 3808 4641 

US 33/50 4114 3520 
Table 15: Average daily traffic counts for selected locations on Richland Avenue. Source: TEC (2008). 

 

 Table 16 shows peak hourly traffic counts for Richland Avenue. These counts show 

which times experience the most cars at a given intersection and direction. Northbound lanes 

experience the highest counts during the morning commute at 8:00 am, while southbound lanes 

experience peak counts during the evening commute at 5:00 pm (17:00). These results also show 

that peak congestion within the corridor may occur during the lunch-hour commute between 

11:00 am and 12:00 pm. 

 

Location 

Peak Traffic Counts (per hour) 

Northbound Southbound 

AM (time) PM (time) AM (time) PM (time) 

Dairy Ln. 690 (8:00) 612 (12:00) 540 (11:00) 694 (17:00) 

Carriage Hill Dr./Hooper St. 466 (8:00) 330 (12:00) 374 (11:00) 618 (17:00) 

Canterbury Dr. 362 (8:00) 294 (12:00) 304 (11:00) 456 (17:00) 

US 33/50 356 (8:00) 351 (17:00) 244 (11:00) 368 (17:00) 
Table 16: Peak traffic counts for selected locations on Richland Avenue. Source: TEC (2008). 

 

4.4 Stormwater Survey 
 

 To better show the effects of different-sized storm events within the Richland Avenue 

Corridor (RAC), a stormwater survey was conducted. Photos taken during the surveys illustrated 

what areas of the RAC experienced stormwater-related issues, and how these areas reacted to 

different rainfall amounts.  
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4.4.1 Greenbrier Drive and Richland Avenue 

 

 

Figure 22: Greenbrier Drive and Richland Avenue. Top Left-Right: 0.43”, 0.73” Bottom Left-Right: 0.98", 1.26” 

 

 The intersection of Greenbrier Drive and Richland Avenue experiences ponding in most 

rainfalls. This area receives stormwater runoff from Richland Avenue, Speed Queen Laundry’s 

parking lot, and Greenbrier Drive’s downhill sheet flow. Though there are curbside storm drains 

in the vicinity, not all of the stormwater is conveyed into the sewer system resulting in 

substantial inconveniences for pedestrian and bicycle traffic. 
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4.4.2 “The Summit at Coates Run” and Richland Avenue 

 

 

Figure 23: “The Summit at Coates Run” and Richland Avenue. Top Left-Right: 0.43”, 0.73” Bottom Left-Right: 0.98", 1.26” 

 

 Coates Run flows through The Summit at Coates Run’s property near the apartment 

complex’s eastern connection to Richland Avenue. Coates Run then culverts under Richland 

Avenue. Coates Run between these two bridges during base flow is a gentle, slow-flowing 

stream. Large storm events can threaten this area of Richland Avenue with hazardous flash 

flooding conditions as Coates Run rises to fill the constructed embankments. Debris and other 

obstructions to flow can accumulate under the bridges causing the stream to crest.  
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4.4.3 “McDonald’s” Exit Way 

 

 

Figure 24: “McDonald's” exit way. Top Left-Right: 0.43”, 0.73” Bottom Left-Right: 0.98", 1.26” 

 

 In each of the stormwater surveys, the McDonald’s exit way (including the sidewalk) is 

known to become submerged in stormwater. This creates a major inconvenience for pedestrians 

as they have few safe options to avoid this impediment. In larger storms, a continuous puddle 

flows parallel to the sidewalk leaving pedestrians victim to splashing by passing cars for virtually 

their entire commute. This disincentivizes pedestrian commuting and fails to promote neither a 

healthy lifestyle nor a sustainable means of transportation. 
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4.4.4 North of Carriage Hill Drive/Hooper Street Intersection 

 

 

Figure 25: North of Carriage Hill Drive/Hooper Street Intersection. Left-Right: 0.43", 0.73", 1.26" 

 

 Richland Avenue between the Speedway gas station and the Carriage Hill Drive/Hooper 

Street intersection can experience minor to moderate street flooding/ponding. Stormwater runoff 

from nearby parking lots into the roadway is a contributor to this problem, along with water 

filling potholes and other roadway wear and tears (rutting and cracking). Improvement of the 

drainage gradient of the roadway and surface condition may help to reduce the accumulation of 

stormwater in this section of Richland Avenue.  
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4.4.5 Coates Run and Hooper Run 

 

 

Figure 26: Coates Run and Hooper Run. Left-Right: 0.43”, 0.73”, 1.26” 

 Coates Run receives water from Hooper Run near the Richland Avenue/Carriage Hill 

Drive/Hooper Street intersection. Hooper Run collects water from the US 33/50 highway and 

Hickory Run south of the highway. Large storm events will produce runoff from US 33/50 and 

the La Mar Heights hillside that flows into Coates Run just south of the Carriage Hill Drive 

bridge.  
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4.4.6 Richland Avenue South of US 33/50 

 

 

Figure 27: Richland Avenue South of US 33/50. Top Left-Right: 0.43”, 0.73” Bottom Left-Right: 0.98", 1.26” 

 

 Richland Avenue between Carriage Hill Drive/Hooper Street and Canterbury Drive 

experiences curb-side ponding during most storm events. This stretch of Richland Avenue is 

only feet away from the flow of Coates Run at points, and is known to become severely flooded 

in larger storm events.  
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4.4.7 Near “Classic Carwash” 

 

 

Figure 28: Near "Classic Carwash". Left-Right: 0.43”, 0.73”, 1.26 

 

Large storm events will naturally raise the water level of Coates Run. Many properties 

however abut this stream and are at high risk of flood damage from rainfalls as small as 1.26”. 

Stream choke points can develop due to debris and rock slides that exacerbate the risks of 

developing land near a perennial stream such as Coates Run. 
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4.4.8 West of Canterbury Drive and Richland Avenue Intersection 

 

 

Figure 29: Outlet covering. Top Left-Right: 0.43”, 0.73” Bottom Left-Right: 0.98", 1.26” 

 

 Many stormwater outfalls into Coates Run become submerged under water during large 

storm events. This can prevent Richland Avenue from being properly drained and lead to street 

flooding.  

 Other debris such as leaves can be carried from the hillsides via runoff. This debris can 

clog storm drains or obstruct flow into the sewer system (see Figure 30). Good housekeeping 

activities such as  keeping storm drains clear of debris are some of the easiest ways to prevent 

stormwater flooding.  
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Figure 30: Obstructed storm drains on Richland Avenue. 
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5 Green Infrastructure at Coates Run 

 

5.1 Goals and Objectives 
 

 The main goal for the following green infrastructure projects is to mitigate flooding 

events that affect the Richland Avenue Corridor. To accomplish this goal, projects were selected 

based on their ability to retain stormwater runoff, reduce surface flow, and treat pollutants found 

in runoff. 

 The following project descriptions detail the need, potential benefits, design 

considerations, maintenance requirements, and cost estimates. These projects are meant to serve 

as concept proposals for sites that are suited for green infrastructure retrofits.  
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5.2 Proposed Projects for Implementation 

 

Map 8: Green infrastructure retrofits. 
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5.2.1 Permeable Bike Lanes 

 

Map 9: Richland Avenue permeable bike lanes. 
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Need 

 Both the Athens 2020 Comprehensive Plan and the Athens Bicycle and Pedestrian Master 

Plan describe the need for improved bicycle facilities in the Richland Avenue Corridor (RAC). 

New residential developments in the RAC have resulted in an increase of bicycle traffic on 

Richland Avenue. 

 In addition to improving bicycle facilities in the City of Athens, Richland Avenue 

experiences curb-side flooding. Sustained precipitation for even a short period of time results in 

runoff accumulating on each side of the street for nearly its entire length. This in turn results in 

localized street-flooding and safety hazards for motorists, bicyclists, and pedestrians alike. 

 

Figure 31: Curb-side flooding on Richland Avenue. Left to right: 0.73", 1.26". 

 It is therefore recommended that multi-purpose, “green” bike lanes be installed to 

accommodate bicycle traffic in the RAC, while also acting to reduce and treat stormwater runoff 

with the use of permeable asphalt.  
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Description 

 

 

Figure 32: Google SkechUp representation of Richland Avenue bike lanes. 

 The proposed permeable bike lanes should exist along the entire length of Richland 

Avenue (approximately 1.7 miles). With the surface being constructed with permeable asphalt, 

stormwater runoff from Richland Avenue and other adjacent impervious surfaces will be 

captured and treated by a subsurface stone/gravel layer. The permeable bike lanes should be 

designed to treat and control a 2-year design storm, but should also include a perforated pipe 

(with perforation on the bottom) to remain effective during larger storm events such as the 50 or 

100-year storm. By being designed for a 2-year design storm, nearly 100% of storm events will 

experience reduced runoff. Also, the permeable bike lanes have the potential to infiltrate 70-80% 

of rainfall that flows onto their surface.  
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Figure 33: Pervious asphalt cross-section. Source: LGA (2012) 

 

Benefits 

 

 The Richland Avenue Corridor will be bicyclist-friendly and promote a healthy lifestyle 

and an environmentally-friendly means of transportation. 
 

 Reduction in stormwater runoff flow rate, volume, and pollutant concentrations. 

 Provides local flood control. 

 Improves quality of nearby surface waters (Coates Run, Hocking River). 

 Reduces need for conventional stormwater infrastructure. 

 Reduces the need for salt and sand during winter as very little (if any) ice will develop on 

permeable bike lanes.  
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Stormwater Management Objective Treatment Effectiveness 

Volume Reduction    

Peak Flow Rate Reduction   

Water Quality   

Sediment   

Nutrients   

Metals   

Oil and Grease   

   

Table 17: Pervious asphalt stormwater management benefits. Adapted from: MWS (2009a) 

 

Design Considerations 

 Soil percolation testing should be conducted. 

 Permeable pavement need not extend through intersections or areas that experience heavy 

traffic. 

 

 Permeable pavement and infiltration beds shall not be placed on areas of fill or 

compacted fill. Any grade adjust requiring fill shall be done using the stone sub-base 

material. 

 

 Should be designed to handle the increased volume from a 2-yr design storm, but also be 

able to convey and mitigate the peak of the less-frequent, more intense storms (such as 

the 100-yr). This can be accomplished by installing perforated pipes connected to outfalls 

or storage tanks. Continuously perforated pipes shall connect structures (such as 

cleanouts and inlet boxes). Pipes shall lay flat along the bed bottom and provide for 

uniform distribution of water (BFEC, 2012a).  

 

 Construction reference: 

http://www.unh.edu/unhsc/sites/unh.edu.unhsc/files/pubs_specs_info/unhsc_pa_spec_10_

09.pdf 

 

: High Effectiveness : Medium Effectiveness 
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Figure 34: 3D pervious asphalt cross-section (Google SketchUp). 

 

Maintenance 

 

 Prevent Clogging of Pavement Surface with Sediment 

o Vacuum pavement at least twice per year, preferably quarterly.  

o Immediately clean any soil deposited on pavement. 

o Do not allow construction staging, soil/mulch storage, etc. on unprotected 

pavement surface. 

 

 Snow/Ice Removal 

o Porous pavement systems generally perform better and require less treatment than 

standard pavements. 

 

o Do not apply abrasives such as sand or cinders on or adjacent to porous pavement. 

o Snow plowing is fine but should be done carefully (i.e. set the blade slightly 

higher than usual). 

 

o Salt application is acceptable, although more environmentally-benign deicers are 

preferable. 

 

 Repairs 

o Surface should never be seal-coated 

o Damaged areas less than 50 square feet can be patched with porous or standard 

asphalt. 
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o Larger areas should be patched with an approved porous asphalt. 

 

Costs 

 Using estimates of $7 to $15 per square foot, which includes subsurface infiltration bed, 

total cost for two 5 foot wide permeable bike lanes (north-and south-bound) range from 

$628,320 to $1,346,400. Other costs not factored into these estimates include the purchase or 

negotiated use of land that is not currently in the right-of-way, and the removal and construction 

of sidewalk. 
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5.2.2 Turn-lane Bioswale Retrofit 

 

Map 10: Turn lane bioswale retrofit. 
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Figure 35: Turn lane bioswale retrofit location. 

Need 

 Richland Avenue between the Speedway gas station and the intersection of Richland 

Avenue, Carriage Hill Drive, and Hooper Street experiences minor street flooding during intense 

or prolonged storm events. There currently exists a right turn lane for southbound traffic access 

to Carriage Hill Drive that according to a 2008 traffic study (conducted by TEC Engineering) 

does not experience heavy usage with approximately 253 cars per day (TEC, 2008). 

 The Carriage Hill Drive right turn lane represents an opportunity within the right-of-way 

to construct a green infrastructure retrofit project. Such a project would need to be selected for its 

ability to control and treat stormwater runoff. It is recommended that the right turn lane be 

replaced with a vegetated bioswale that can be used to percolate and treat stormwater runoff 

from the surrounding right-of-way.   
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Description 

 

Figure 36: Google SkechUp representation of turn lane bioswale retrofit (from south). 

 The proposed bioswale project will utilize the entire existing turn lane and should be 

sized with a total surface area that is at least one percent of the total area that drains into the 

bioswale. Native, water-tolerant plants should be planted to increase vegetative surface area and 

surface friction to reduce flow of stormwater within the bioswale. Curb cuts will allow 

stormwater runoff from Richland Avenue to enter the bioswale to be managed and treated. 

Benefits 

 Reduced runoff volume 

 Reduced peak discharge rate 

 Pollutant treatment 

 Aesthetics 

 Traffic calming measure 

 Provides “enclosure” for pedestrian traffic 
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Stormwater Management Objective Treatment Effectiveness 

Volume Reduction    

Peak Flow Rate Reduction   

Water Quality   

Sediment   

Nutrients   

Metals   

Oil and Grease   

Table 18: Bioswale stormwater management benefits. Adapted from: MWS (2009a) 

 

Design Considerations 

 

 

Figure 37: Bioswale cross-section. Source: BFEC (2012b) 

 

 Bioswale should contain at least 30 inches of permeable soil over a 12 to 24 inch 

aggregate (AASHTO #3) and have an infiltration rate of at least 0.5 inch per hour. 

 

 Bioswale should be sized to temporarily store and infiltrate a 1 inch storm event; provide 

conveyance for up to the 10-year design storm (with freeboard); 2-year storm flow be 

accommodated non-erosively. 
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 Bioswale should be designed with 3:1 longitudinal slopes. 

 Test soil for percolation rates and amend where necessary. 

 Curb cut entrances should be at least twelve inches wide and have a 2-3 inch drop at the 

interface of pavement and bioswale. 

 

 Construction reference: http://www.bfenvironmental.com/pdfs/veggieSwale.pdf 

 

Maintenance 

 Annually or 48 hours after every major storm event: 

o Inspect and correct erosion problems, damage to vegetation, and sediment/debris 

accumulation. 

 

o Inspect for pools of standing water (bioswale should be designed to fully infiltrate 

within 48 hours), discharge excess water where possible. 

 

o Mow (when swale is dry) and trim vegetation to ensure safety, aesthetics, proper 

swale operation, or to suppress weeks and invasive vegetation. 

 

o Inspect for uniformity in cross-section and longitudinal slope.  

o Inspect swale inlets/curb cuts for blockage. 

 As needed: 

o Plant alternative grass species in the event of unsuccessful establishment. 

o Re-seed bare areas and identify and control erosion sources. 

o Roto-till and replant swale if draw down time is less than 48 hours. 

o Water during dry periods. 

 Winter maintenance: 

o Inspect swale immediately after the spring melt, removal residuals (e.g. sand), and 

replace damaged vegetation. 

 

o Use salt-tolerant vegetation in swales 
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 Sustainable gardening techniques should be used in lieu of chemical fertilizers, 

pesticides, and herbicides. 

 

Costs 

Costs associated with this project consist of removing the existing turn lane, modification 

of curb, excavating the infiltration bed for the bioswale, and the purchase of plants and other 

plant-related expenses. Cost estimates range from $3 to $15 per square foot of bioretention area 

(EPA, 2000). Using these estimates for a 1,500 ft
2
 bioswale, the cost of this project could range 

from $4,500 to $22,500. 
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5.2.3 Street-side Bioswale 

 

Map 11: Richland Avenue street-side bioswale. 
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Figure 38: Street-side bioswale location on far right (from north). 

 

Need 

 There currently exists two southbound lanes for Richland Avenue traffic between 

Carriage Hill Drive/Hooper Street and Canterbury Drive. This stretch of road experiences minor 

street flooding during intense storm events from diffuse sources of runoff. The two southbound 

lanes have since become excessive for the current volume of traffic according to a 2008 traffic 

study conducted by TEC Engineering (TEC, 2008). 

 It is recommended that the City of Athens retrofit the westernmost lane to include a 

street-side bioswale capable of managing and treating stormwater runoff. This bioswale will also 

increase the buffer between Coates Run and Richland Avenue.   
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Description 

 

Figure 39: Left- Street-side bioswale in Gresham, OR. Source: Stiffler (2012). Google SketchUp representation of bioswale 
(from south).  

 

 The street-side bioswale will replace the westernmost southbound lane of Richland 

Avenue between Carriage Hill Drive/Hooper Street and Canterbury Drive and exist after the US 

33/50 underpass and before the intersection of Richland Avenue and Canterbury Drive.  

 The street-side bioswale will be designed to infiltrate and treat stormwater runoff from 

Richland Avenue and reduce its flow. The bioswale will be filled with native, water-tolerant 

species and be designed to have an infiltration rate of at least 0.5” per hour.  

Benefits 

 Reduced runoff volume 

 Reduced peak discharge rate 

 Pollutant treatment 

 Aesthetics 

 Traffic calming measure 

 Provides “enclosure” for pedestrian traffic 
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Stormwater Management Objective Treatment Effectiveness 

Volume Reduction    

Peak Flow Rate Reduction   

Water Quality   

Sediment   

Nutrients   

Metals   

Oil and Grease   

   

Table 19: Street-side bioswale stormwater management benefits. Adapted from: MWS (2009a) 

 

Design Considerations 

 Bioswale should contain at least 30 inches of permeable soil over a 12 to 24 inch 

aggregate (AASHTO #3) and have an infiltration rate of at least 0.5 inch per hour. 

 

 Bioswale should be sized to temporarily store and infiltrate a 1 inch storm event; provide 

conveyance for up to the 10-year design storm (with freeboard); 2-year storm flow be 

accommodated non-erosively. 

 

 Bioswale should be designed with 3:1 longitudinal slopes. 

 

 Test soil for percolation rates and amend where necessary. 

 

 Curb cut entrances should be at least twelve inches wide and have a 2-3 inch drop at the  

interface of pavement and bioswale. 

 

 Check dams may be constructed to reduce risk of bioswale erosion.  

 

 Construction reference: http://www.bfenvironmental.com/pdfs/veggieSwale.pdf 

 

Maintenance 

 Annually or 48 hours after every major storm event: 

o Inspect and correct erosion problems, damage to vegetation, and sediment/debris 

accumulation. 

 

: High Effectiveness : Medium Effectiveness 
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o Inspect for pools of standing water (bioswale should be designed to fully infiltrate 

within 48 hours), discharge excess water where possible. 

 

o Mow (when swale is dry) and trim vegetation to ensure safety, aesthetics, proper 

swale operation, or to suppress weeks and invasive vegetation. 

 

o Inspect for uniformity in cross-section and longitudinal slope.  

o Inspect swale inlets/curb cuts for blockage. 

 As needed: 

o Plant alternative grass species in the event of unsuccessful establishment. 

o Re-seed bare areas and identify and control erosion sources. 

o Roto-till and replant swale if draw down time is less than 48 hours. 

o Water during dry periods. 

 Winter maintenance: 

o Inspect swale immediately after the spring melt, removal residuals (e.g. sand), and 

replace damaged vegetation. 

o Use salt-tolerant vegetation in swales 

 Sustainable gardening techniques should be used in lieu of chemical fertilizers, 

pesticides, and herbicides. 

 

Costs 

 Costs associated with this street-side bioswale would include the removal of the existing 

southbound lane and excavating and constructing the bioswale. As this project is entirely within 

the existing right-of-way, there is no need to purchase or negotiate the use of adjacent land. 

Estimates range from $3 to $15 per square foot of bioretention area (EPA, 2000), resulting in a 

project estimate of $15,000 to $75,000 for a 5000 ft
2
 street-side bioswale. 
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5.2.4 Fire Station #2 Green Roof 

 

Map 12: Fire station #2 green roof pilot project. 
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Figure 40: Athens Fire Department #2 station. 

Need 

 The City of Athens recognizes the need for environmental sustainability. In the Athens 

2020 Comprehensive Plan, the city stresses that it must maintain and improve environmental 

quality and sustainability by creating networks of “environmentally-significant areas […] that 

contribute to the local public health, safety, and quality of life” (City of Athens, 2003: 3). 

 In keeping with the goal of promoting environmental sustainability, it is recommended 

that the city utilize municipally-owned and operated structures and/or land for green 

infrastructure pilot projects. The only structure of this type in the Richland Avenue Corridor is 

the #2 Fire Station located at 454 Richland Avenue. 

 The #2 Fire Station is a prime location for a green roof pilot project for a number of 

reasons. First, the building has an existing flat roof which is ideal for green roof retrofits. 

Secondly, the building is municipally-owned and operated meaning that energy savings can 

result in city monies being saved, spent on other city needs, or invested in other green 

infrastructure projects. Thirdly, a green roof pilot project for the #2 Fire Station would be a 

further step in the direction of environmental sustainability and show the city’s commitment 
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towards this goal. Finally, this green roof pilot project will help toward the development of a 

green infrastructure/low impact development market in Athens, generating new economic 

opportunities for the area. 

Description 

 

Figure 41: Google SkechUp representation of #2 Fire Station green roof. 

 The #2 Fire Station green roof pilot project will consist of an extensive (less than 6”) 

green roof with native plantings. The majority of the 3,280 ft
2
 roof will be covered in a layer of 

short grasses and a layer of engineered soil. Structural tests will need to be completed to verify 

that the current roof bear the weight of a saturated green roof. The green roof pilot project will 

provide an opportunity to study the benefits of green roofs and promote a green roof market in 

the city of Athens.  

Benefits 

 At least 25% reduction in heating costs ($737 savings based on 2011 heating costs). 

 

 Reduction in stormwater runoff volume (70-90%). 

 Reduction in stormwater runoff flow (50-90%). 

 Reduction in stormwater runoff pollutants (80-90%).  

 Increase in roof lifespan (more than 45 years vs. conventional roof). 
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 Provides research opportunities. 

 Promotes city’s values in environmental sustainability. 

 Enhances local green economy. 

 

Stormwater Management Objective Treatment Effectiveness 

Volume Reduction    

Peak Flow Rate Reduction   

Water Quality   

Sediment   

Nutrients   

Metals   

Oil and Grease   

   

Table 20: Green roof stormwater management benefits. Adapted from MWS (2009a) 

 

Design Considerations 

 Structural testing will need to be conducted to ensure that the roof can support a saturated 

green roof (13 to 30 psi). 

 

 Short, self-propagating native grasses should be used for the vegetated layer of the green 

roof. 

 

 Soil layer should be deep enough to manage most storms. An optional overflow 

connection to a rain barrel or cistern should also be considered. 

 

 Construction and design reference: 
http://www.mass.gov/eea/docs/doer/green-communities/library/green-roof-boston-st2009.pdf 

 

Maintenance 

 As needed: 

o Trimming of grass/vegetation. 

: High Effectiveness : Medium Effectiveness 
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o Soil amendments/repairs. 

o Clean drainage conduits (if applicable). 

 Sustainable gardening techniques should be used in lieu of chemical fertilizers, 

pesticides, and herbicides. 

 

Costs 

 Costs associated with this green roof pilot project include the purchase of soils, plants, 

and waterproofing materials. Costs (including all structural components) can range from $5 to 

$50 per square foot. Using this cost estimate, a 3,280 ft
2
 fire station green roof would cost 

between $16,400 and $164,000. Maintenance costs are likely to be offset by annual energy cost 

savings. 
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6 Green Infrastructure Incentives and 
Financing 

 

6.1 Promoting Green Infrastructure 
 

 To effectively promote green infrastructure on a local scale, local and regional 

governments must take the lead in demonstrating the social, economic, and environmental 

benefits associated with this framework for sustainability. Cities across the United States have 

already developed and implemented Green Infrastructure Master Plans to address stormwater 

runoff problems and incorporate environmentally sustainable solutions into new developments 

and retrofit projects. Specific green infrastructure and low impact development projects are 

merely one aspect of incorporating ecological services into infrastructure projects, with the other 

being an adequate institutional and regulatory framework that incentivizes property owners to do 

their part towards protecting the commons for future generations. 

 The city of Athens is in an advantageous position to promote green infrastructure as 

means to accomplish goals such as controlling stormwater runoff, generating economic 

opportunity, and maintaining a commitment to scholarship and knowledge. Athens has a number 

of local environmentally-minded startups, a thriving farmers’ market, and is home to 

environmentally-conscious scholars who are motivated to leave their world in a better condition 

that they found it. 
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6.2 Incentive Approaches 
 

 Local governments can engage in green infrastructure projects on government-owned 

properties and right-of-ways, but to truly accomplish the goals of green infrastructure, a 

comprehensive agenda must include incentivizing private property owners to control stormwater 

runoff on-site. Local and regional governments across the United States and other countries have 

developed incentives to promote green infrastructure such as stormwater fee and credit systems, 

and development incentives. 

 

6.2.1 Stormwater Fee and Credit System 

 

 The EPA (2008) recommends that local governments implement stormwater fee systems 

to generate a revenue stream to address the increasing investments that communities must make 

to control stormwater-related issues such as repairing streets, sewer systems, and expansion of 

city services. 

 Most local governments in the United States calculate how much the stormwater fee is 

for a given property based on lot imperviousness. This can be calculated by using aerial 

photography to find the average imperviousness for a given lot type in a city. This value then 

becomes an equivalent residential unit (ERU) or equivalent source unit (ESU). Fees can be 

assigned based on how many ERU/ESUs a property has. Non-residential properties’ stormwater 

fees can also be calculated using this method. 

 Cities have used stormwater fees to not only generate much needed revenue for city 

services, but also to incentive stormwater control on private property by offering credits toward 
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the stormwater fee. Many cities have developed stormwater fee credit systems to promote green 

infrastructure as a means to reduce monthly stormwater fees. While stormwater fees can be 

reduced, most credit systems do not allow the fee to be completely eliminated as the fees go 

toward investments in stormwater management which can include green infrastructure. 

 

Outcome Desired Basis of Fee Reduction Implementation Measure 

 
Reduce imperviousness 
 
 
 
 
 

 
- Percent fee 

reduction 
- Per-square-

foot credit 

 
- Percent reduction in 

imperviousness 
- Square feet of pervious surfaces 
- List of practices with associated 

credits 
 

- Total area (square feet) managed 
- Performance-based 
- List of practices with associated 

credits 
 

- Percent reduction in 
imperviousness 

- Performance-based 
- Total area (square feet) managed 
- Pre-assigned performance values 

 
 

- List of practices with associated 
credits 

 
 
 

Onsite management 
 
 
 
 

- Percent fee 
reduction 

- Quantity and 
quality credits 

Volume reduction 
 
 
 
 
 
 

- Percent fee 
reduction 

- Quantity 
reduction 
credits 

Use of specific practices  - Percent fee 
reduction 

- One-time 
credit 

Table 21: Stormwater fee incentives. Source: EPA (2008) 

 

 It is essential that stormwater fees be thoroughly planned and implemented. The EPA 

(2008) stresses that the greatest costs be directed toward those that create most runoff due to 

higher amounts of impervious surfaces. By structuring the fees around this principle, properties 
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that are responsible for most of the stormwater runoff such as large commercial buildings will 

pay more and have more of an incentive to implement green infrastructure. 

 

6.2.2 Development Incentives 

 

 Development incentives are those that encourage developments that incorporate green 

infrastructure BMPs in the planning process by removing application fees, reducing other 

requirements such as parking, and/or speeding up the review process (EPA, 2008). By relaxing 

other requirements and fees, developers see an economic incentive to include green 

infrastructure BMPs into their applications while the community benefits from an 

environmentally-friendly built environment.  

 

6.3 Funding Sources  
 

6.3.1 State Options 

 

Clean Water State Revolving Fund (CWSRF) 

 An amendment to the Clean Water Act in 1987 created the CWRSF program in order to 

provide low-interest loans to local governments for the planning, design, and construction of 

wastewater facilities and other water quality improvement projects. The CWRSF requires a 20% 

match and can loan funds for capital costs of water quality improvement projects such as green 

infrastructure.  

 

Further information: http://www.epa.gov/owm/cwfinance/cwsrf/green_if.pdf 
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Surface Water Improvement Fund (SWIF) Grants  

 The Ohio EPA provides SWIF grants to highly-visible and innovative stormwater 

management projects including permeable pavement/paver retrofits, small-scale green roofs, rain 

gardens, and other green infrastructure BMPs. SWIF grants offer a maximum of $100,000 to 

qualified applicants and require no match (though encouraged for approval). Grants are awarded 

for a two-year period and require public outreach for projects (signs, tours, newsletters, etc.). 

Further information: 

http://www.epa.ohio.gov/portals/35/nps/swif_docs/FY12_Statewide_SWIF_RFP.pdf 

 

6.3.2 Local Options 

 

Stormwater Fee 

 Stormwater fees are the most dependable sources of funding that local governments have 

to implement green infrastructure projects and policies. By charging properties a monthly 

stormwater fee on their water or sewer bill, cities can raise revenue to fund stormwater 

management needs and green infrastructure projects. 

 Stormwater fees need to be calculated in a way that provides enough capital to maintain 

existing infrastructure, as well as promote alternative stormwater management such as green 

infrastructure. The fee must be adequate as too high a fee is burdensome to customers, and a fee 

that is too low is ineffective in generating enough revenue to fund projects and rebates (EPA, 

2008).  

 

 



112 

 

7 Recommendations 

 

7.1 City-Wide 

 

7.1.1  Green Infrastructure Task Force 

 

 This report recommends that the City of Athens form a Green Infrastructure Task Force 

to assist the Planning Department and the Engineering and Public Works Department in 

developing a Green Infrastructure Master Plan and other materials to promote the sustainable 

stormwater management techniques associated with green infrastructure. This task force will 

consist of members from city staff, local professionals, and interested city residents. 

 The Green Infrastructure Task Force will also develop education programs and awareness 

campaigns to promote the need for clean water and protected riparian zones in the city of Athens. 

They can also organize trash clean-ups and stream restoration efforts within the city. 

 

7.1.2 Stormwater Fee and Credit System 

 

 The City of Athens passed its first stormwater utility under ordinance 0-53-11 which 

became effective August 1
st
, 2011. This stormwater service fee charges a flat fee of $2 for 

residential, and $4 for commercial and industrial properties. While this is a good start towards 

placing a cost on impervious surface cover, the current fee structure does not promote a sense of 

equity by charging commercial and industrial properties (which have much more impervious 
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surface cover) only $2 more per month than residential properties. Nor is it necessarily equitable 

to charge a large apartment complex the same price as a single-family home.  

 It is recommended that the City of Athens explore, develop, and implement a stormwater 

fee that more accurately distributes the costs for impervious surface cover to the properties that 

contribute the most to the problem. This can be accomplished by establishing equivalent service 

units (ESU) for each property type (i.e. residential, commercial, and industrial). An ESU is the 

average area of impervious surface per property type, with properties being charged a certain 

dollar amount per ESU. For example, if the ESU for residential properties in Athens is 2,000 ft
2
 

and the cost per ESU is $1, a property that has 1,000 ft
2 

of impervious surface cover will pay 

$0.50 per month, while one with 8,000 ft
2
 would pay $4 per month. 

 To promote the use of green infrastructure BMPs in Athens, stormwater fees should be 

accompanied by a credit system that allows property owners to reduce their fee by using green 

infrastructure techniques on their property. A menu of approved green infrastructure and low 

impact development practices and their associated credits toward fee reduction should be 

created. By creating a more robust stormwater fee and credit system in Athens, stormwater 

runoff can be controlled on-site before entering the roadway and sewer system.   

 The Richland Avenue Corridor in particular could benefit greatly from on-site 

stormwater control through a fee and credit system. This area of Athens is characterized by 

58.6% impervious cover (i.e. parking lots, roof tops, and roadway) and by controlling stormwater 

on-site, flooding of Richland Avenue and Coates Run could be greatly reduced.  
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7.2 Richland Avenue Corridor 
 

7.2.1 Green Infrastructure Projects 

 

 This report offers four green infrastructure projects that the city can pursue to reduce 

stormwater-related flooding and walkability issues in the Richland Avenue Corridor. These 

projects were selected based on their ability to be carried out within the existing public domain. 

The projects detailed in this report do not necessarily represent an exhaustive list of all possible 

projects in the corridor, but they do represent retrofits that are consistent with the Athens 2020 

Comprehensive Plan. 

 It is recommended that the City of Athens utilize all its resources to further develop the 

projects in this report to portray the site-specific benefits and costs. This can be accomplished in 

part by working with Ohio University and its resources. Students from multiple disciplines can 

be consulted to design, construct, and monitor green infrastructure projects as part of their honors 

research, Masters theses/practica, or Ph.D research. This enhances the town/gown relationship 

and offers beneficial experiences for students who will enter a job market that emphasizes 

practical experience in their chosen fields. 

 

7.2.2  Water Quality Study of Coates Run 

 

 This report recommends that the City of Athens utilize its resources to conduct a more 

robust, long-term water quality study of the effects of stormwater on Coates Run. By using 

automatic samplers to collect water samples based on user-specified thresholds such as rainfall 

amounts, flow, or intensity, a more accurate and extensive water quality analysis can be 
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conducted. Findings from this study can be used to quantify the effects of stormwater runoff on 

the stream and the benefits on stream quality should green infrastructure projects be 

implemented in the Richland Avenue Corridor. 
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8 Conclusion 

Anything else you’re interested in doing is not going to happen if you can’t breathe the air and 

drink the water. Don’t sit this one out. Do something. You are by accident of fate alive at an 

absolutely critical moment in the history of our planet. 

-Carl Sagan
2
 

 When cities in the United States decided to innovate and install municipal separate storm 

sewer systems (MS4) and reject the outdated combined systems (CSS), they were taking a risk 

with a new, expensive, and relatively untested technology. Yet they understood that the progress 

of human civilization requires innovation and calculated risk-taking; understanding that while 

the status quo may be comforting, it is in our nature to push the limits of what is possible. 

 We are at a common juncture in city infrastructure planning. Our crumbling grey 

infrastructure is becoming more and more expensive to repair and incomprehensible to replace. 

Smaller cities such as Athens still use the CSS for stormwater conveyance. By opting for the 

new, innovative, and environmentally sustainable green infrastructure as a means for stormwater 

control, cities like Athens can become leaders in a movement towards the progress of the urban 

living condition. 

 Cities and the environment need not be opposing forces. The environment is where we 

work, where we live, and where we play, and by better understanding our impact on the 

environment, we can conceive of a more sustainable relationship between the biotic and the 

abiotic. Green infrastructure is such a framework for this sustainable relationship and can 

advance us toward a new social paradigm that our planet and civilization so desperately needs.  

                                                           
2
 Glennon, R.J. (2009). Unquenchable: America’s water crisis and what to do about it. Island Press: Washington,  

D.C. (pg. 315). 
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