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ABSTRACT 

Amidst rapid urbanization and stream impairment across the world this thesis analyzes 

how a landscape-based approach to stormwater management can expand the scope of nonpoint 

source pollution prevention to incorporate ecosystem rehabilitation. A mixed-methods approach 

(research-through-design) informs the process of working between the problem and solution 

through analysis, synthesis, and evaluation. This process is applied to Trail Creek in Athens, 

Georgia, as a case study to address the stream rehabilitation. Stream rehabilitation is a 

watershed-scale project, often limited to support from local governments and volunteer 

organizations. In this thesis, the Clean Water Act Section 319(h) Implementation Grant is 

presented as a vehicle for watershed rehabilitation. This community-based project sought to 

identify sites in the Trail Creek watershed for the implementation of stormwater control 

measures and green infrastructure as demonstration projects that address issues associated with 

stormwater runoff and nonpoint source pollution. 
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CHAPTER 1 

INTRODUCTION 

 The concept of a watershed is much more than a region of land; it is a complex web of 

connections through nature, culture, history and the future. Echoing the holistic perspective of a 

watershed presented by John Wesley Powell, it is a way about seeing the land, water, and society 

as parts of an interconnected ecological system - beyond property or political boundaries. 

(Robison 2020). In 1773, the now well-known naturalist, William Bartram, traveled through 

present-day Athens-Clarke County, Georgia, and described the North Oconee River, which runs 

through Athens, as “that beautiful river [where] the cane swamps, of immense extent, and the 

oak forests, on the level lands, are incredibly fertile; which appears from the tall reeds of the one, 

and the heavy timber of the other” (Bartram 1958). Nearly 250 years later, the North Oconee 

River continues to flow and provide for the nature and community of Athens, Georgia. However, 

the river and landscape have drastically changed. Centuries of land abuse, pollution, and 

urbanization have taken a toll on the health and appearance of "that beautiful river" (Bartram 

1958). 

 

Context  

As populations grow, cities expand and land uses change. What were once rural 

landscapes and natural green spaces have become urban centers, neighborhoods, commercial 

developments, and industrial complexes. Along with land-use changes come increased 

impervious surface covers, such as asphalt, concrete, and rooftops, making stormwater runoff a 
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particular management challenge in transitional and urban watersheds as it is largely due to the 

greater land use complexity. When it rains, stormwater no longer has an opportunity to soak into 

the ground where it falls. The additional runoff drains quickly, transporting with it a myriad of 

nonpoint source pollutants (NPS) as it rushes downstream, further degrading water quality and 

destabilizing stream ecosystems in the receiving waters (GADNR 2016).  

 Urban stormwater and agriculture runoff are the leading sources of NPS, the leading 

source of water pollution in the United States, and the largest obstacle in regulating water quality 

in the country (EPD 2014). While progress has been made in the protection and enhancement of 

water quality, innovative approaches are needed to identify NPS management strategies that are 

sustainable, effective, and loyal (Subramanian 2017). The federal Clean Water Act (1973 and 

amendments) has led to the development of water-quality standards to rehabilitate and maintain 

the chemical, physical, biological health of the nation's surface waters. Under the Clean Water 

Act, communities have a responsibility to rehabilitate rivers and streams that are listed as 

“impaired" – or else, the community would be violating water quality standards (GADNR 2014). 

Delisting a stream is a watershed-scale project, often limited to support from local governments 

and volunteer organizations (Mika 2017). 

 Stormwater is a useful resource. However, due to the magnitude and complexity of 

centralized stormwater infrastructure, traditional management practices fail to reclaim its value 

from its full potential (Subramanian 2017). Decentralized stormwater control measures, such as 

green infrastructure, are an integral component of sustainable communities (WERF 2007). In 

addition to reducing stormwater and NPS runoff, it is a way of protecting water quality while 

achieving co-benefits that can help achieve other social, economic, public health, and 

environmental goals (Rissman, et al. 2015).  
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Purpose  

 This thesis develops a creative approach for stormwater-control measures (SCM) and 

green-infrastructure (GI) application in an impaired watershed in coordination with the Clean 

Water Act Section 319(h) NPS Implementation Grant criteria. Through design exploration, this 

research develops an approach that can be used by communities who wish to implement 

sustainable design practices to address NPS pollutants and improve water quality in their local 

streams and rivers (see Figure 2.1). This plan incorporates SCMs and GI as demonstration 

projects on public lands within an impaired watershed, Trail Creek, Athens, Georgia, (see 

Figures 1.1 and 1.2). The demonstration projects, once implemented, will capture and treat 

stormwater runoff before it enters nearby waterways. This approach aims to improve degraded 

water quality, reduce risks to human health, and preserve and enhance ecological resources.  

 The term ecosystem rehabilitation is used to describe the means in which to repair and 

replace the essential or primary ecosystem structures and functions that have been altered or 

eliminated by disturbance. In this case, ecosystem rehabilitation includes the entire watershed, 

and it emphasizes the reestablishment of important missing and altered processes, and leads to 

the reduction or elimination of stressors, such as external NPS loading (Cooke 2009). To 

rehabilitate water quality and ecological function of an impaired waterbody and its tributaries, 

sustainable stormwater management practices must be extended across the watershed and onto 

privately owned lands (see Appendix A). Most importantly, demonstration projects test and 

measure the effects of program changes in real-world situations, and promote the concept as an 

alternative method for the potential future of Northeast Georgia’s watersheds, streams, and 

rivers, which differs from how they have been treated in the past - out of sight and out of mind.  
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In doing so, this thesis seeks to answer the following question: How can a landscape-

based approach to stormwater management expand the scope of nonpoint source pollution 

prevention to include ecosystem rehabilitation? Furthermore, this thesis addresses the following 

sub-question: What might be the recommendations for the Trail Creek watershed associated with 

the Clean Water Act Section 319(h) NPS Implementation Grant application?  
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Figure 1.1. River Basins in Georgia and Watersheds in Athens-Clarke County, Georgia (2018) 
Data Sources: ARC, ACC, FEMA 
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Figure 1.2. Trial Creek Watershed, Impaired Stream Segments (2018) 

Data Source: ACC, FEMA, EPA 



 

7 

 The importance of this research lies in its ability to be applied to the landscape 

architecture and planning professions as other communities seek alternative and sustainable 

methods to manage stormwater, improve water quality, and delist impaired bodies of water. 

Amidst rapid urbanization and substantial stream impairment across the world, this research is 

vital in developing new strategies to implement sustainable stormwater management and 

stormwater control measures, such as GI into the public realm, and establishes an alternative 

future for how we manage stormwater and live with nature. This thesis builds on nearly twenty 

years of watershed planning documents and water quality monitoring data. If successful, this 

approach will be one step closer to rehabilitating and delisting Trail Creek. The project could 

serve as a model for communities across the Southeastern region, as well as the country. 

 

Goals, Aims, and Objectives  

The Athens-Clarke County Unified Government (ACC) is committed to maintaining and 

improving the quality of local waterways and has taken a collaborative approach to watershed 

protection activities (Watershed UGA 2016). The goals of this thesis are to work with project 

partners, a group of local stakeholders, to develop a management approach that addresses NPS 

pollution in the Trail Creek watershed, and to identify priority candidate sites where SCMs and 

GI can be installed to mitigate stormwater runoff and fecal bacteria from entering nearby 

waterways. Project partners encourage the adoption of stormwater control measures and green 

infrastructure that are coupled with educational outreach. Specific practices include cattle 

exclusion from Trail Creek tributaries in agriculture areas, SCMs, and GI on public lands to 

reduce NPS pollutants from entering Trail Creek. In Chapter 5, in accordance with the Clean 



 

8 

Water Act Section 319(h) NPS Implementation Grant, site recommendations, analysis and siting 

of implementation projects will be presented. 

 

Methods 

Because of the complex nature of human-altered landscapes, such as urban watersheds, 

this study used a mixed methods approach: research through design (RTD) (Nijhuis and Vries 

2020). In landscape architecture education and research in the academic context, as well as in 

practice, spatial design is increasingly used as a form of research (Nijhuis and Vries 2020). In 

this context, design is a means to achieve goals and not the goal itself. It is a strategy for working 

in a manner to achieve a particular goal or to address a research question through design 

exploration (Simon 1981). An adapted approach from Nijhuis and Vries's contribution to the 

research design discussion is used in this thesis and helped inform its strategies (see Figure 2.1). 

Evaluation strategies such as rubrics are used to define parameters to improve decision-making 

(Table 5.1) (Deming, et al. 2011). The gestalt method of suitability analysis is used to work 

between different scales such as watershed-scale and site-scale to evaluate optimization of a site 

for a particular program (Deming, et al. 2011).  

 

Scope and Delimitations  

Due to rapid urbanization and poor land use practices, Northeast Georgia’s environment 

has been severely degraded resulting in significant watershed impairment (Peters 2009). This 

research prioritizes efforts directed at rehabilitating water quality as well as ecosystem function 

through the use of SCMs and GI (Prudencio, et al. 2018). In addition, landscape services are an 

important part of sustainable design as a means of shifting public opinion about stormwater 
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management and watershed awareness (Yang, et al. 2013). Watershed rehabilitation affects a 

large array of factors: ecological, economic, cultural, and sociopolitical (Hilden 2001). By 

activating these sites for human interaction, they will serve as assets and amenities for the 

community, as well as a protective mechanism (Cooke 2009). 

This project focuses on an impaired Hydrologic Unit Code (HUC) 12 watershed, Trail 

Creek, located in Athens, Georgia. It is listed as impaired for fecal coliform (FC) and is indeed 

threatened by other effects from stormwater that are common among urban streams (GAEPD 

2016 and Siragusa, et al. 2007). Trail Creek was selected by a group of stakeholders: Athens-

Clarke County Unified Government (ACC), The University of Georgia Research Foundation, 

The University of Georgia River Basin Center, Natural Resource Conservation Service (NRCS), 

Upper Oconee Watershed Network, The Carl Vinson Institute of Government, Stroud 

Elementary School, Chicopee Dudley Neighborhood Association, The Oconee River Land Trust, 

and the Athens Land Trust. The lack of SCM and stormwater runoff are the dominant factors in 

nutrient loading in the watershed (ACC 2010). This project's guidelines were limited to the Clean 

Water Act Section 319(h) NPS Implementation Grant criteria, as well as the priorities of and 

limitations set by the primary partners, ACC.  

 

Clean Water Act Section 319(h) NPS Implementation Grant 

Through Section 319(h) of the Clean Water Act, the U.S. Environmental Protection 

Agency (USEPA) awards a Nonpoint Source Implementation Grant to the Georgia 

Environmental Protection Division (GAEPD) to fund projects in support of Georgia’s Nonpoint 

Source Management Program. This particular grant requires a 40% non-federal match that can be 

met through local funds, in-kind services, or other non-federal sources. Funding is distributed via 
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a competitive process to proposals that will lead to direct reduction in pollutant loads and 

measurable water quality improvements (See Appendix B, C) (GAEPD 2018). Many 

professionals are inclined toward structural controls such as centralized stormwater systems or 

certain stormwater control measures. But in reality, comprehensive watershed protection often 

requires SCMs combined with public education, economic incentives, and, in some cases, 

regulation, land use controls, or habitat rehabilitation (USEPA 1995). The following list covers 

the Clean Water Act Section 319(h) NPS Implementation Grant Criteria. 

 Eligible applicants are public entities such as city or county governments with Qualified 

Local Government status; regional and state agencies; authorities that operate public service or 

delivery programs; regional commissions; resource conservation and development councils; 

county extensions; and local school systems and state colleges and universities. All applicants 

are required to attend a webinar with GAEPD Grants Unit Staff to discuss the application 

process. Project partners, consultants, or other parties may attend, but the lead organization must 

be in attendance (GAEPD 2018). Project applications must meet all three of the following 

minimum requirements: 

• implement an existing watershed-based plan that adequately meets USEPA's Nine 

Elements of Watershed Planning or implement an alternative to a watershed-based plan 

in the form of a Summary of Nine Elements compiled from planning documents; and 

• locate the project in a watershed or drainage area equal in size to a single 10-digit 

Hydrologic Unit Code (HUC-10) or smaller; and, 

• commit to a minimum 40% non-federal match that can be accomplished through local 

funds, in-kind services, or other non-federal sources. 
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Key Ranking Criteria 

• Specify the nonpoint sources of pollution to be addressed and propose the activities best 

suited to prevent, control, and/or abate the identified nonpoint pollution sources 

• Demonstrate cost effectiveness 

• Support the milestones and/or implementation activities described in the 2014 revision of 

the Georgia Nonpoint Source Management Program as documented in Georgia's 

Statewide Nonpoint Source Management Plan 

• Include an appropriate component to evaluate the effectiveness of the project (e.g., water 

quality monitoring, beneficial use assessment, environmental indicators)  

 

If implementing Best Management Practices (BMPs), the project must include:  

• schedules of BMPs operations and maintenance, or manuals describing Standard 

Operating Procedures, which cover the expected lifespan of the practice and in 

accordance with commonly accepted standards; 

• estimates of load reductions in nitrogen, phosphorous, and sediment.  

 

Additional Selection Priorities - Proposals will be given priority consideration if they meet 

minimum requirements and key ranking criteria, and also:  

• Target Georgia's Section 305(b)/303(d) List of Waters in order to improve water quality 

in impaired (non-supporting) waters; or, restore impaired (non-supporting) waters so that 

they are meeting water quality standards and supporting their designated uses; or, protect 

water quality in Category 1 (supporting) waters by incorporating USEPA's Healthy 

Watersheds Initiative.  
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• Implement structural and/or nonstructural BMPs recommended in a watershed-based plan 

that will lead to measurable improvements in water quality. 

• Support a watershed management approach utilizing cooperating partnerships and/or 

multi-governmental agencies, especially in conjunction with other nonpoint source 

management activities within the watershed as well as across jurisdictional boundaries. 

• Target water bodies impaired for violating water quality standards and/or for water 

quality issues related to Pathogens, Dissolved Oxygen, Sediment, and/or Nutrients 

(Phosphorous & Nitrogen). 

• Propose implementing management practices identified within the appropriate Regional 

Water Plan. 

• Address waters with finalized Total Maximum Daily Loads (TMDLs). 

• Demonstrate that the project results in environmental benefits beyond addressing 

nonpoint source impairments (benefits may include, but are not limited to: environmental 

justice, air quality, water or energy conservation, stream flow profile, habitat 

connectivity, and others). 

• Commit to a match of 50% or higher. 

• Locate the project area(s) in priority watershed(s) as demonstrated by GAEPD and 

USEPA, and focus proposed activities on watershed-based implementation and/or 

restoration. 

• Include administrative and/or managerial improvements that prevent and/or correct the 

adverse hydrologic impacts of increased impervious surfaces. In order to receive 

consideration for this priority ranking, applications must propose/develop/implement 

items such as local or regional development ordinances, stream buffer protections wider 
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than state minimums, or other local mechanisms to ensure long-term success in 

minimizing the potential future impacts of hydrological modifications. 

• Qualify as a WaterFirst Community or locate the project within the jurisdiction of a 

WaterFirst Community that has committed to participate as a partner in the project. 

• Partner with local non-profit watershed groups that were established prior to the submittal 

of the application. 

• Carry out specific activities that address and/or implement management measures, 

enforceable policies, and mechanisms identified in Georgia's Coastal Nonpoint Source 

Management Program. 

 

 To develop the grant proposal under a designated timeframe, this study limited the 

research of items that are identified as outside of the scope of this thesis but are considered 

essential to its future exploration. This includes items such as detailed site designs, identifying 

potential funding other than the Section 319(h) grant, candidate sites on private lands, and water 

quality monitoring. Instead, this thesis relies upon literature review, watershed analysis and 

characterization from previous studies, site analysis, stakeholder meetings, and the resulting 

approach that will suggest the transformation of selected sites in the watershed (Table 5.1). 

Communities, watershed groups, educators, as well as landscape architects and planning 

professionals, may use this research as a resource in promoting informed local decision-making. 

Detailed design plans were not developed, however recommendations for SCMs and GI 

practices, and siting of these practices are presented in Chapter 5. Other elements or approaches 

are discussed, but do not result in specific designs, implementation plans, and construction 

documents, or detailed planting plans.  
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 Lastly, GIS and AutoCAD software were used to perform detailed site analysis, such as 

slope and drainage studies, in order to appropriately site and size SCMs. These representations 

serve as place holders for future projects. The boundaries for the selected sites are limited to the 

parcel edges; however, because when dealing with stormwater, they do factor in adjacent parcels 

that may be publicly or privately owned. Potential sites were given priority if they were on 

agriculture land, public land, or land owned by ACC. Moreover, sites were given priority if an 

adaptive reuse approach, public engagement, and/or educational component could be applied. 

Further discussion of the approach will be addressed in later chapters.  
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CHAPTER 2 

USING A MIXED METHOD RESERCH DESIGN STRATEGY 

 

Research Through Design 

 The research through design method presented by Nijhuis and Vries explains that: 

"Design is a process of discovery and invention. There are three phases associated with 

the design process: analysis, synthesis, and evaluation. These phases are interconnected 

and the process is nonlinear. In research through design, these phases are preceded by a 

design problem (the objective) and are concluded with a design solution [see Figure 2.1]. 

The analysis phase involves collecting and interpreting information. It seeks an enhanced 

understanding of the context of the design and identifying viable possibilities. In the 

synthesis phase, partial solutions are developed and brought together as resolutions for 

the problem as a whole. Synthesis entails a cycle of emergence and development. 

Emergence involves the creative translation of latent, half-formed internal imaginations 

in the mind of the designer within an "embryonic" design model, in which initial ideas 

take on tentative shape based on an intuitive idea or concept developed during the 

analysis phase. The development cycle concerns future refinement of the initial idea, 

thereby achieving a greater extent of completeness, coherence, and specificity. The 

evaluation phase entails assessing integral solutions according to the objective and 

identification of alternative problem solutions. Research through design can be 
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understood as dialogue between a problem and a solution through comprehension, 

analysis, synthesis, and evaluation." 

 

"Imagination, creativity, and innovation play important roles in all phases of a design 

process. The combination of these three elements and their usage make design a powerful 

heuristic research strategy in which the content evolves from action. In search of a design 

solution, the process is targeted. As the search unfolds, the solution is constantly adjusted 

by the process of design. Idea generation begets its representation in draft form, which is 

then evaluated according to original design goals. In turn, evaluative feedback generates 

new ideas. This interaction yields new knowledge whose production can be documented." 

  

"The research process is reflexive, with analytic thinking and design thinking going hand 

in hand [see Figure 2.1]. In this context, analytical thinking aims at data translation and 

interpretation into knowledge (discovery), and design thinking aims at the development 

of new knowledge through synthesis and spatial translation (invention). Given this 

interaction, visual representations (mapping studies, design concepts, and models) are not 

by-products. Rather, they play central roles in the process of thought production and 

representation." 

 

Design as Process: Analysis, Synthesis, and Evaluation 

 Collecting and interpreting research for design is the most common relationship between 

the acts of research and design, aimed at acquiring knowledge and fact-finding. This includes 

quantitative research methods that are measured and objective such as, watershed studies, 
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watershed management plans, and water quality assessments, as well as qualitative methods such 

as observations, site investigations, and stakeholder knowledge. Thus, the data collected may be 

generated from the researcher or may be secondary research that was previously published by an 

outside source. Gathering supporting literature, conducting site analysis, and stakeholder 

meetings, as well as collecting all other data deemed necessary generates knowledge through the 

research process. Thus, the goal of this research phase was to collect abundant information and 

interpret it in a manner that generated new knowledge benefiting the development of the 

approach and the subsequent designs that were to be presented to the stakeholder group (see 

Figures 5.2 - 5.9). The specific strategies taken during this phase included literature review and 

landscape analysis. 

During the synthesis phase of the design process, information gathered from the analysis 

and research portion was processed and interpreted. All relevant data was then translated and 

presented in the form of mapping studies to the stakeholder group (see Figures 5.2 - 5.9). These 

designs helped visualize and comprehend all of the data into a coherent plan. Based off of the 

criteria of the Section 319(h) grant and interests of the stakeholders, we began to identify 

candidate sites in the watershed. The specific strategies taken during this phase include site 

identification and classification, and the gestalt method of ecological planning and watershed 

analysis. 

At this point, the evaluation phase, candidate sites were assessed using multiple design 

tools such as prioritization matrix, site visits, mapping studies, and site inventory and analysis 

(see Figures 5.2 - 5.9 and Table 5.1). The objective through this design process was to test and 

narrow potential candidate sites and landscape treatments that would be best suited to prevent, 

control, or lessen NPS pollutant sources, specifically urban runoff and fecal coliform, and meet 
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multiple community needs in the watershed. The design process, site criteria, candidate sites, as 

well as the accompanying stormwater control measures (SCMs) and green infrastructure (GI) 

projects are presented in Chapter Five. 
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Figure 2.1. Design as Process (adapted from Nijhuis 2020) 
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Literature Review 

 The literature review strategy investigates the multiple layers and components attached to 

the research questions and are shown in Chapter Three and Chapter Four. Chapter Three 

examines urban stormwater management issues in the United States as a result of human 

development, specifically NPS pollution. This human-nature relationship is then used to present 

the Clean Water Act Section 319(h) NPS Implementation Grant as a means to fund an alternative 

approach to stormwater management and promote watershed rehabilitation. The section that 

follows introduces sustainable design practices such as SCMs and GI, a landscape-based 

approach to mitigate urban runoff and nonpoint source pollution. Chapter Four discusses 

Georgia’s water resources and the importance of clean water. This information is then narrowed 

and analyzes an impaired watershed, Trail Creek, in Athens, Georgia, as it is facing threats 

similar to other urbanizing watersheds across the Southeast United States. 

 

Evaluation Strategies 

 Evaluation strategies used during site identification and landscape analysis strategies are 

seen at different stages throughout the thesis as they were critical in understanding the conditions 

of the watershed as well as providing relevant context of each candidate site, opportunities and 

constraints, and addressing the design goals and objectives. Because most of the information 

gathered was not created by the researcher but by other sources, after data collection, the 

information was interpreted and translated into meaningful design directives applicable to the 

research. 

 The information generated from these strategies was produced using a number of 

resources including Geographic Information Systems (GIS) software, EagleView Pictometry 
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Imagery, Google Earth imagery, personal observations and photographs, and reports generated 

by ACC or other agencies. Using this new knowledge, an in-depth watershed inventory was 

performed to develop composite maps and imagery that was presented at stakeholder meetings 

(see Figures 5.2 - 5.10). Then the researcher and stakeholders analyzed the maps to identify 

candidate sites. A screening technique was used for identifying potential SCMs and GI sites that 

meet multiple community needs. The process used mapping and GIS software to analyze sites 

and select areas best suited for SCMs and GI implementation. It then set priorities, using a 

prioritization matrix as a decision-making tool for the remaining parcels. Because of the nature 

of this community-planning project, the study evolved as new knowledge was gained and as 

stakeholders interacted. The researcher and stakeholders further investigated potential candidate 

sites by site visits, local knowledge, and mapping suitability analysis.  

 Landscape characteristics collected include topography, floodplains, elevation, slope, 

sewer lines and septic tanks, stormwater lines, water quality monitoring, vegetation, digital 

elevation models, hydrology, public lands, land owned by ACC, impervious surfaces, land-use, 

and existing structures (see Figures 5.2 - 5.9). These characteristics were chosen based on 

knowledge gained through the evidence provided in the literature review. Again, the goal of this 

inventory and analysis was to comprehensively consider all relevant factors and collect any and 

all information that would inform or support the research and design process. 

 

The Gestalt Method 

 Gestalt thinking is a method of problem solving. Typically, there are four fundamental 

steps or phases of activity (Rowe 1987). Peter Rowe states that the steps are "(1) preparation for 

the task at hand or situation at hand, (2) incubation, (3) illumination or inspiration, and (4) 
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verification, involving the testing of proposed solutions." The illumination phase occurs when 

the investigator becomes aware of potential solutions to the problem. It can happen from sudden 

intuition or as a result of sustained efforts of exploration (Rowe 1987).  

 The gestalt method is a holistic practice of ecological planning used in making elemental 

judgments on suitability. It involves understanding the landscape as a whole through field 

observation and/or aerial imagery rather than examining individual components, such as slope, 

hydrology, and vegetation. When the cost of data collection and time are limiting factors, 

designers may decide to use this method as a first step in establishing suitability (Ndubisi 2002). 

This method of analysis is beneficial when working between different scales such as watershed-

scale and site-scale to understand context and to evaluate optimization of a site for a particular 

program (Deming, et al. 2011).  
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CHAPTER 3 

TREATING URBAN STORMWATER RUNOFF 

Introduction 

 Urban stormwater is both a challenge and a resource. The current stormwater paradigm 

must be driven by multiple objectives in order to minimize the negatives and maximize the 

positives of this valuable resource. Cities have attempted to mitigate flood risks by building 

complex storm-sewer systems, but this urban-drainage infrastructure has exacerbated other water 

quality problems, radically altered natural hydrology, and separated the public understanding of 

the value of stormwater and natural waterways (Schuetze, et al. 2013). Some of the central 

problems related to urban stormwater runoff, such as NPS pollution, flooding, increased flow, 

and velocity of flow, are a direct result of the imperviousness of urban pavements (Subramanian 

2017). This history sheds light on the problem of single-purpose management and suggests that a 

more integrated approach is needed. 

 A landscape-based approach is about balancing land-use demands in a way that is best for 

human well-being and the environment (Lovell, et al. 2009). The watershed management field is, 

in many ways, still in its infancy, and many acknowledge that each watershed plan or 

management action is its own experiment (Mika 2017). Watershed management approaches are 

becoming more focused on local participation and the complex relationships between water 

resources, ecology, biology, and environmental health (Subramanian 2017). The Environmental 

Protection Agency, environmental organizations, and stormwater managers are pointing to GI as 
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a preventative measure that could greatly improve the ways that the urban landscape interacts 

with stormwater (Subramanian 2017).  

 

Urban Stormwater  

Urban stormwater and agriculture runoff are the leading sources of NPS pollution, the 

leading source of water pollution in the US, and the largest obstacle in regulating water quality in 

the United States (GADNR 2014). Urban land is about 3% of the land in the US, but a 2004 

National Water Quality Inventory showed that urban runoff contributes to the impairment of 

22,559 miles of streams, 701,024 acres of lakes, and 867 square miles of estuaries in the US 

(USEPA 2009). It important to note that in the 2004 Report to Congress, only 16% of the 

nation’s rivers and streams, 39% of the lakes, and 29% of the estuaries were assessed (USEPA 

2009). "Impaired waters" become part of the total maximum daily loads (TMDL) program, 

which requires states to achieve a certain water quality criterion based on designated uses of the 

water body, establishing a limit on how many pollutants a stream can process daily without 

jeopardizing its ecological function (AECOM 2016). Stormwater control measures and GI are 

adaptive strategies that can be used to address issues of NPS stream impairment, stormwater 

runoff, and the projected impacts of climate change (USEPA, 2016). Because climate change 

may cause more frequent and intense storms, these problems may worsen in the future (WERF 

2007). These trends continue to compound and remain unchecked, such as in Northeast Georgia, 

as land uses change and urban sprawl consume the landscape. 

Water quality monitoring and regulatory measures are focused on the presence of 

pathogens, such as viruses, bacteria, and protozoans that can lead to public health problems from 

waterborne diseases. Direct testing for pathogens is expensive and impractical (USEPA 2009). 



 

25 

Instead, monitoring for pathogens uses indicator species because their presence indicates that 

fecal contamination may have occurred (USEPA 2006). The four indicators most commonly 

used are total coliforms, fecal coliforms, Escherichia coli (E. coli), and enterococci. These 

bacteria are normally prevalent in the intestines and feces of warm-blooded animals, including 

wildlife, farm animals, pets, and humans (Saintil 2018). It is important to note that E. coli is just 

an indicator organism and that the other pathogens and pollutants associated with untreated 

sewage discharges are likely to persist longer and farther downstream and pose a serious human 

health risk (Siragusa, et al. 2007). 

Land use is a driving factor to understand the dynamics of point and non-point sources of 

fecal coliforms in a watershed (Bradshaw, et al. 2016). Fecal coliforms are the leading causes of 

impairment of streams and rivers throughout the United States (GAEPD 2014). In rural and 

urban watersheds, pathogens can enter waterways from multiple inputs (Saintil 2018). Those 

inputs include stormwater runoff, pre-existing and aging infrastructure, municipal discharges, 

raw sewage, manure applications, landfill leachate, pets and wildlife waste, and leaking septic 

tanks (Crim, et al. 2012). While fecal coliforms are ubiquitous in streams across the country, 

concentrations of bacteria can increase as a result of the higher density of potential pollutant 

sources and decreased stormwater filtration and treatment from population growth and 

development (Ahmed 2019).  

 

Obtaining Funding 

Identification and discussion of dedicated funding is important in determining the 

economic feasibility of the sustainable management strategies to further rehabilitation efforts 

(Mika 2017). As a whole, pollution control measures benefit society but often do not provide an 

economic benefit to the individual or organization that installs them (USEPA 1995). Therefore, 
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many watershed projects rely upon voluntary implementation of SCMs and GI, and few 

watershed projects come complete with sufficient federal and state funding (Rissman, et al. 

2015). Fundraising is a time-consuming activity, and each type or source of funds has its own 

application criteria, procedures, and deadlines. Although implementation of NPS management 

practices is ultimately the responsibility of local governments and landowners, grant program 

funding is available for a wide variety of practices that directly address NPS (Tetra Tech, et al. 

2018). These grants provide funding for SCMs and other water quality improvement efforts, 

such as GI. The following section presents an annual grant that offers funding for projects that 

directly address NPS pollution.  

 

Stormwater Control Measures and Green Infrastructure 

Stormwater control measures are designed to mitigate harmful effects of urbanization on 

stream ecosystems by reducing storm volumes and peak discharges (Bell, et al. 2016). Green 

infrastructure is still considered a new approach to stormwater management and is referred to by 

a variety of names, including water-sensitive urban design and low-impact development 

(Subramanian 2017). Essentially, it captures rain where it falls in the landscape and uses natural 

retention and treatment processes to improve water quality, as well as reduce the flow and 

volume of stormwater, thereby, minimizing damage to the biological, physical, and chemical 

integrity of receiving waters (Holm, et al. 2014). Key elements of the Georgia State Water Plan 

to manage NPS pollution is the promotion and implementation of long-term monitoring, GI, 

SCMs, and low impact developments that mimic natural hydrology and provide multiple benefits 

for a variety of management objectives (AECOM 2016). 
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Green infrastructure is a sustainable practice that introduces ancillary benefits into the 

community that extend beyond runoff volume reduction (Subramanian 2017). For example, it 

helps prepare for drought, lowers building energy demands, reduces air pollution and air 

temperature through evotranspiration, and helps to minimize the urban heat island effect. It also 

serves as habitat for wildlife and even contributes to greater property values (Wolf 2003). 

Examples of GI include rain gardens, permeable pavement, green roofs, floodplains, wetlands, 

and bioswales (Holm, et al. 2014). This sustainable approach to stormwater management can 

range from large-scale projects, such as city parks and stream buffer enhancement to small-scale 

projects, such as planter beds and cisterns.  

  The use of decentralized source controls in conjunction with redeveloping land in urban 

regions creates opportunities, over time, to develop sustainable communities that will achieve 

higher levels of ecological and receiving water protection (Subramanian 2017). Though not yet 

quantified, GI could be a cost-effective solution for pollution control and flooding, and may even 

be more cost-effective in the long-term when considering other benefits such as groundwater 

recharge, improved water quality and air quality, greenhouse gas emissions reductions, climate 

resiliency, and local water supply (USEPA 2016). Nonpoint source pollution controls must be 

tailored to factors such as hydrology, geology, topography, soils, and management capability of 

landowners (USEPA 1992). If implemented properly, GI allows communities the flexibility to 

respond to ever changing economic, social, and environmental conditions (WERF 2007).  

However, due to the nature of managing stormwater, SCMs and GI are subject to severe loss of 

effectiveness if they are not properly installed or maintained (USEPA 1992). 
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Conclusion 

 In sum, SCMs and GI are multipurpose solutions to stormwater management, but are not 

currently being implemented at a large scale. The best stormwater management practices address 

the impacts of stormwater across an entire watershed, including problems with water quality, 

flow, climate resiliency, and groundwater recharge (USEPA 2016). To that end, GI and SCMs 

need to be specifically designed at the site scale and implemented to contribute to these multiple 

benefits. The stormwater control can be integrated into many common urban, suburban, and rural 

land-uses on both public and private property, which enhances flexibility in siting stormwater 

runoff control measures and GI (Subramanian 2017). Because these controls can be constructed 

on an individual basis, or in conjunction with other projects, a variety of funding options is 

possible (Schuetze, et al. 2013). Most importantly, these practices allow for management 

strategies to be targeted at specific sites rather than requiring the planning and construction of 

large-scale, capital-intensive centralized control systems (Wolf 2003). If managed properly, 

stormwater is one unifying resource that can rehabilitate watershed health. Designing with nature 

can also be seen, in a larger sense, as land development that is more sustainable economically, 

environmentally, and socially (Rissman, et al. 2015). 
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CHAPTER 4 

SAVING WATER RESOURCES IN GEORGIA 

 

Introduction 

 The background presented in Chapter Three shows some of the problems stormwater 

runoff and centralized management practices amplify. The Section 319(h) grant is a vehicle to 

implement SCMs and improve water quality, thus creating opportunities for multipurpose 

methods, such as, GI to rehabilitate water bodies and influence social change. The goal of 

Chapter Four is to discuss water resources in the state of Georgia and the importance of 

rehabilitating watersheds. Next, this thesis will examine an impaired (HUC-12) watershed, Trail 

Creek, as it will be used as a case study in the following chapters. 

 

Georgia's Water Resources 

 Georgia is one of the fastest growing states in the United States (GADNR 2014). At the 

current estimate of 10.66 million, Georgia is the 8th most populated state (US Census Bureau 

2018). However, the population growth is not evenly distributed. Nearly three-fourths of Georgia 

residents live in the northern half of the state, primarily in the Piedmont and in the Ridge and 

Valley regions around metropolitan Atlanta. The growth and development of Georgia’s towns, 

cities, and suburbs have profoundly altered natural drainage systems and water resources in the 

state (Peters 2009). The configuration of typical rural agricultural watersheds has rapidly evolved 

into mixed land-use watersheds due to urbanization and population growth (McGrane 2016).  As 
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the number of Georgians increases, demands placed on natural systems and water resources 

become significantly greater.  

 The wise use and management of water is critical to support the state’s economy, to 

protect public health and natural systems, and to enhance the quality of life for all citizens. 

Georgia’s abundant water resources are shared natural resources, streams and rivers which run 

through many political jurisdictions (AECOM 2016). Nonetheless, it is not an unlimited resource 

and must be carefully and sustainably managed to meet long-term water needs (GAEPD 2010). 

 For centuries, the land in Georgia was used for intensive farming that led to 

physiochemical and morphological changes in Southern Piedmont waterways (Mukundan, et al. 

2011). Over time, the habit of using rivers and streams as open sewers and waste dumps severely 

degraded the beauty and health of the watersheds. During the 20th century, the widespread 

adoption of the automobile fueled urbanization, and economic development was valued over 

preserving the natural environment, leading to the impairment of streams and rivers (Crim 2007). 

Southern Piedmont streams, recovering from legacy sediments, are particularly vulnerable to 

land-use changes due to their proximity to agricultural and urban nutrients, and fecal bacteria 

sources (Saintil 2018).  

 Within the state of Georgia are 14 major river basins, HUC-6, further broken into 52 sub-

basins, HUC-8, amounting to approximately 70,150 stream and river miles (GAEPD 2010). The 

USEPA estimates that Georgia has 44,056 miles of perennial streams, 23,906 miles of 

intermittent streams, and 603 miles of ditches and canals. Georgia has 4.8 million acres of 

wetlands, 425,382 acres of public lakes and reservoirs, 854 square miles of estuaries, and 100 

miles of coastline. While only 20% of the streams and rivers have been assessed, 59% are listed 

as impaired for violating federal TMDLs (GADNR 2014).  
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 The Oconee River Basin is one of the 14 major river basins in Georgia (see Figure 1.1). 

The river flows to its confluence with the Ocmulgee River to form the Altamaha River before 

draining to the Atlantic Ocean just north of Little St. Simons Island on the Georgia coast 

(MNGWPD 2016). In the Oconee River Basin, there are approximately 108 rivers and streams 

listed on the 2012 integrated 305(b)/303(d) list as waters not supporting the designated uses 

(GAEPD 2012). These impaired waters include roughly 786 miles of the basin.  

 The Oconee River Basin is divided into two sub-basins (HUC 8), the Upper Oconee 

River Basin and the Lower Oconee River Basin. The main tributaries of the Upper Oconee River 

Basin are the North Oconee River, Middle Oconee River, Mulberry River, Little Mulberry River, 

and Apalachee River. Almost 50% of the assessed streams in the Upper Oconee River Basin do 

not meet water quality standards for FC bacteria as a result of NPS (MNGWPD 2016). Fecal 

coliform typically is found in both developed and undeveloped watersheds, and monitoring 

programs in Georgia have found levels that exceed state standards in urban, agricultural and 

forested areas (GAEPD 2010). Just over 40% of the streams assessed were found not to be 

supporting of biota, specifically benthic macro invertebrates, which typically indicate high 

sediment loads in streams, thereby decreasing habitat quality (MNGWPD 2016). Sediment 

sources include runoff from disturbed land and construction sites, as well as from streambank 

erosion due to accelerated streamflow velocities from impervious cover associated with 

urbanization (McGrane 2016). 

The degradation of overall stream health is linked with an increase in urban development 

and other anthropogenic activities (Manning, et al. 2015). However, urban stormwater is more 

than a water pollution problem; urbanization changes not only the physical, but also the chemical 

and biological conditions of natural hydrologic systems, limiting the ability of people and 
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wildlife to depend on the rivers and streams (AECOM 2016). Therefore, it is imperative that 

developments on public and private lands prioritize and implement SCMs and GI in order to 

mitigate the negative effects of urbanization and improve water quality (Prudencio, et al. 2018).  

 

Trail Creek Watershed 

Trail Creek is located in Athens-Clarke County, Georgia. The city of Athens is 

experiencing an expansion of urban development and aging wastewater infrastructure, affecting 

water quality similarly to other Georgia cities near Atlanta (CH2M 2017). Reflective of water 

quality issues throughout the southeast, approximately 114 miles of streams are located within 

ACC, 96 mi of which are listed on the 303(d) list for violating their TMDLs for fecal coliforms, 

pH, fish and macro invertebrate assessments (Tetra Tech, et al. 2018). Fishing and drinking 

water are the designated uses assigned to these streams (GAEPD 2016). However, 84% of the 

impaired streams are considered impaired due to FC, which are a public health concern as well 

as a loss in recreational opportunities (Siragusa, et al. 2007). 

The Trail Creek basin is urbanizing rapidly for residential, commercial, and industrial 

land uses (Tetra Tech, et al. 2018). The watershed is one of 17 HUC-12 watersheds draining 

ACC (see Figure 1.1). It is a tributary of the North Oconee River, where, at the confluence, it 

meets the river near the edge of downtown Athens. Trail Creek is a second order stream, with a 

designated use classification of Fishing, and the drainage basin covers approximately 13 square-

miles in the Upper Oconee Watershed (ACC 2010). The land cover of the watershed is 41% 

forest, 38% urban, and 21% pasture (see Figures 5.3) (Watershed UGA 2016). Due to the nature 

of this mixed-land use watershed, there could be multiple contributors of fecal bacteria including 

failing septic systems, broken sewer lines, wildlife, dogs, and cattle (see Figures 5.7, 5.8) (ACC 
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2016). Agricultural use where cattle have access to streams may have contributed to fecal 

coliform counts during the monitoring periods, but the remaining agricultural use is expected to 

be phased out in the future because of land use changes (see Figure 5.13, 5.14) (Tichy, 2003). 

A TMDL covering the entire watershed was completed for FC in 2007. The TMDL 

required a 61% reduction in FC for East Fork Trail Creek, a 40% reduction for West Fork Trail 

Creek, and a 75% reduction for Trail Creek (Siragusa, et al. 2007). While the stream branches 

are impaired due to FC, as listed in the TMDL, stormwater runoff is identified as the cause of 

impairment in all three branches at densities high enough to suggest a potential health risk (Tichy 

2003). The watershed is indeed threatened by other effects from urban stormwater runoff. Urban 

and suburban land uses and the lack of stormwater control measures have been identified as the 

dominant factors in nutrient loading from NPS in the watershed (ACC 2010). Therefore, there is 

an increasing need for sustainable stormwater management practices. 

A 2018 water quality study found that cattle, wildlife, canine, and leaking sewer lines 

were the main FC contributors, and that bacteria were increased by more than tenfold during 

storm events. Later, the author confirmed through microbial source tracking (MST) that the 

sources were mainly humans, ruminants, and canines. In the same study, watershed modeling 

indicated that urban lands contribute 79%, pasture lands 19%, and forested lands 3% to the 

annual E. coli loads (see Figures 5.7, 5.8) (Saintil 2018). This study confirmed the need of using 

multiple approaches, including physio-chemical parameters, fecal indicator bacteria, MST and 

watershed-scale modeling to assess urban stream water quality (Saintil 2018).  

Although Trail Creek is listed only for FC, continually increasing urbanization is 

resulting in other impacts on the stream (Siragusa, et al. 2007). The stream has become severely 

incised in some locations with undercut stream banks (Tetra Tech 2018). While the stream has 



 

34 

not been listed for sediment at this time, there may be a threat of future listing for sediment, 

especially with continued development in the upper reaches. The impacts of sedimentation are at 

least as significant an ecological concern as FC, and some consideration should be given to 

addressing these impacts. It is important to note that E. coli is just an indicator organism and that 

the other pathogens and pollutants associated with untreated sewage discharges are likely to 

persist longer and farther downstream and pose a serious human health risk (Siragusa, et al. 

2007). 

 

Conclusion 

While FC is a county-wide management issue, the Trail Creek Watershed was selected by 

stakeholders for this project before the author was included. In the Trail Creek watershed, urban 

lands are the primary contributors with 79% of the annual load, followed by pasturelands adding 

19%, and forested lands adding just 3%. Potential NPS sources in the watershed include 

stormwater runoff, failing septic systems, broken sewer lines, wildlife, canine, and cattle (Saintil 

2018). In order for Trail Creek to meet the TMDL water quality standards, it would involve 

conservation of wetlands; stream buffer preservation and enhancement; implementation of low-

impact development and stormwater control measures; and continuous fecal bacteria monitoring 

coupled with MST (see Appendix A) (ACC 2016, and Saintil 2018).  

Athens-Clarke County and local stakeholders selected Trail Creek for the Clean Water 

Act Section 319(h) NPS Implementation Grant because sections of streams in both branches and 

the main stem are listed on the 303(d)-list of impaired streams (see Figure 1.2) (GAEPD 2016). 

It is imperative that Trail Creek and other tributaries of the Upper Oconee River Basin are 
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rehabilitated. The rehabilitation and delisting of Trail Creek could serve as a model for other 

communities across the Southeastern region. 
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CHAPTER 5 

RESULTS AND RECOMMENDATIONS 

 

Introduction 

 The recommendations follow ACC’s watershed management plans for the Trail Creek 

Watershed (see Appendix A). An array of specific tasks has been selected to address water 

quality concerns and to serve as the basis for the 2019 Section 319(h) grant proposal. The 

specific goals of this project are to implement SCMs and GI as demonstration projects that will 

reduce NPS pollutants, minimize impairments to surface waters, and improve the health of the 

watershed (see Figure 5.11). In addition to ecological improvements, this landscape-based 

approach incorporates the economic and social aspects of sustainable design by introducing 

projects that are coupled with educational outreach in highly visible and public sites to 

demonstrate alternative approaches to current stormwater management practices.  

 This thesis can serve as a guide to other groups who wish to address watershed 

impairment in their community and apply for the Section 319(h) Implementation Grant in the 

future (see Figure 2.1). Not only does this research offer a sustainable approach to managing 

stormwater, but it promotes stewardship and resiliency, and supports the mitigation of 

anthropogenic impacts across the watershed. If successful, this project would serve as a model 

for the rehabilitation of other streams and watersheds in the Southern Piedmont. The following 

chapter presents the site-specific treatments for implementation in the Trail Creek watershed 
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using the Section 319(h) grant and match funds. Drainage analysis and sizing for SCMs and GI 

projects demonstrate how NPS pollutants will be prevented from entering nearby waterways.  

 

Meeting with Project Partners 

 Stakeholders or project partners are individuals and organizations that have an interest in 

identifying and solving water quality problems (USEPA 1995). The EPA encourages 

communities to give stakeholders appropriate opportunities for meaningful input during the 

identification, evaluation and selection of alternatives (USEPA 2009). Because of the nature of 

this community-planning project, the study evolved as new knowledge was gained and as 

stakeholders interacted. In the case of this thesis, stakeholders were already selected prior to the 

author's involvement with the project. Future watershed planning projects may choose to include 

homeowners, businesses, the Chamber of Commerce, and taxpayers. However, as part of this 

grant, public education and volunteer activities were proposed that could include stakeholders 

not involved in this project's planning process. 

 Over the course of three months, a group of stakeholders met five times to process, 

analyze, strategize, develop a plan, and evaluate the 2019 Section 319(h) Grant Proposal for 

Trail Creek Watershed. Stakeholders of this project include: Georgia Environment of Protection 

Department, Athens-Clarke County Unified Government, The University of Georgia Research 

Foundation, The University of Georgia River Basin Center, Natural Resource Conservation 

Service (NRCS), Upper Oconee Watershed Network, The Carl Vinson Institute of Government, 

Stroud Elementary School, Chicopee Dudley Neighborhood Association, The Oconee River 

Land Trust, and the Athens Land Trust. 
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Site Prioritization and Screening Process 

The method to identify potential sites can be prioritized and refined on the basis of local 

preferences and priorities. Stakeholders are typically involved throughout the process to both 

identify relevant criteria and apply criteria to potential projects. The perceived importance of 

evaluation criteria will vary between stakeholders. To help prioritize projects, a community can 

assign weights to reflect the relative importance of each criterion. In the case of this project, an 

option for no weighting was selected to allow stakeholders to provide feedback on the best way 

to prioritize criteria (see Table 5.1).  

The site selection process was used to identify, assess, and prioritize potential parcels for 

SCMs and GI practices in Trail Creek watershed. Throughout the prioritization and screening 

process, the stakeholder's input and priorities provided key guidance into how the parcels were 

selected and which parcels were included on the priority list. The method to identify potential 

sites can be prioritized and refined on the basis of local preferences and priorities. Although the 

prioritization tools were developed as this project unfolded, they were useful for facilitating site 

identification and stakeholder's decision-making process. In general, decision-making processes 

include the following steps:  

1. Ensure upfront and continuing involvement of stakeholders 

2. Develop goals and objectives 

3. Identify projects that would advance progress towards these goals 

4. Choose criteria for evaluating projects 

5. Consider weighting the criteria (optional) 

6. Apply criteria to identify projects 
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 After the first stakeholder meeting, in order to better understand the watershed, a 

comprehensive review of watershed management plans and spatial data using GIS software was 

conducted to identify potential sites for watershed improvement measures. Watershed 

characteristics were selected based on available spatial data and through the evidence provided in 

the literature review. The following data layers were refined to the watershed's boundaries and 

used to create an initial mapping exercise: parcels, land cover, hydrology, floodplains, wetlands, 

sewer lines, septic tanks, stormwater lines and outfalls, water quality data, topography, 

vegetation, digital elevation model, elevation, slope, impervious surfaces, and existing structures. 

Water quality data was translated from previous monitoring reports and manually input to the 

mapping studies (see Figures 5.7, 5.8). 

Watershed inventory was presented at the following stakeholder meeting as a series of 

mapping studies (see Figures 5.2 - 5.8). Then, spatial data was overlaid to create a composite 

map (see Figures 5.9, 5.10). An inventory of the watershed helps to ensure that project team 

members have a consistent knowledge base and helps to focus their attention on the most 

significant problems, ecosystem threats, and NPS management measures. The mapping studies 

enabled stakeholders to study the context of candidate sites, landscape characteristics, 

opportunities and constraints, and to address the goals and objectives.  
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Figure 5.1. Priority Parcels on Agriculture and Public Lands, Trail Creek Watershed. (2018) 

Data Source: ACC, FEMA 
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Figure 5.2. Floodplains, Wetlands and Hydrology Map 

Trail Creek Watershed. (2018) 
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Figure 5.3. Land Use Characteristics 
Trail Creek Watershed. (2018) 
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Figure 5.4. Elevation, Impervious Surface Cover and Hydrology Map 
Trail Creek Watershed. (2018) 
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Figure 5.5. Sewer Lines, Septic Tanks and Hydrology Map 
Trail Creek Watershed. (2018) 
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Figure 5.6. Stormwater Lines and Hydrology Map 
Trail Creek Watershed. (2018) 
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Figure 5.7. Water Quality Monitoring Map 1 
Trail Creek Watershed. (2018) 
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Figure 5.8. Water Quality Monitoring Map 2 
Trail Creek Watershed. (2018) 
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Figure 5.9. Map Layers Graphic, Trail Creek Watershed. (2018) 
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Figure 5.10. Composite Map, Trail Creek Watershed. (2018) 
 

 

Catchment Basins 
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The screening process has two main steps:  

1. A primary screening to eliminate unsuitable parcels based on physical and 

jurisdictional characteristics.  

2. A site prioritization table of the remaining parcels to identify sites that met 

multiple community needs.  

 

 Unsuitable parcels were removed from further consideration if opportunities were 

constrained by ownership information, existing land use, position in the watershed, access 

constraints, and other factors. As shown on the composite map, parcel data was refined to 

include only agriculture lands, and properties owned by ACC, Athens Land Trust, State of 

Georgia, Georgia Power, Georgia Department of Transportation, Housing Authority of ACC, 

and University of Georgia Board of Regents (see Figure 5.10).  

 Additional sites were added to the list of places to investigate after meeting with 

stakeholders who already identified as having stormwater management concerns and other 

potential management opportunities. Other sites were added based on opportunities identified 

from personally exploring the watershed or from visual scans of the watershed using Google 

Earth, EagleView Pictometry, and GIS. The visual scan helped identify sites that might have 

been overlooked in previous studies or not identified as opportunities in computer models. 

Candidate sites were studied and ground-truthed by the researcher and stakeholders to evaluate 

the potential for stormwater management opportunities on these parcels. Following the field 

assessments, sites that had no viable management opportunities and those that had significant 

constraints or challenges were removed from further consideration.  
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Through stakeholder discussion and consensus, it was determined that to meet multiple 

community needs, priority demonstration project sites would be: owned by ACC or otherwise 

considered public lands; offered an educational opportunity; offered a public amenity potential; 

near surface waters within 150-foot buffer; direct environmental benefits, such as storm flow 

control, runoff reduction, or habitat enhancement (see Table 5.1). 

 

Table 5.1. Site Prioritization Goals and Objectives (2018) 
 

A gestalt approach in watershed planning aids to interpret representations and identify 

opportunities that may have not appeared in previous studies that relied on computer models for 

analysis. Models are widely misunderstood as “truth machines" in environmental policy and they 

are incomplete representations of managed systems (Rissman 2015). Debates over the validity of 

model predictions are long-standing because it is difficult to account for NPS (Chin et al. 2009). 

When there are multiple land uses it becomes difficult from a modeling standpoint, and because 

of this limitation, fewer studies are able to focus on mixed-land use and urban watersheds 

(Bradshaw et al. 2016). While analysis of model findings continues to reveal some of their 

limitations, models are critical for regulatory policy and will continue to be used and improved in 

the absence of alternatives. Regardless of these shortcomings, policy makers and local 
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governments trust and rely on computer models when it comes to NPS management projects, 

such as the Section 319(h) Implementation Grant proposal. 

Sites that were ultimately chosen emerged through stakeholder priorities and defining site 

criteria to inform the screening process. The selection of site-specific opportunities was based on 

using remote spatial data analysis, such as slope and hydrology evaluation. Then followed on-

site review of opportunities and constraints to determine appropriate SCM and GI projects to 

address NPS pollution. It is important to mention that near the end of this entire process, ACC 

agreed to sponsor projects listed in the 2018 East Fork Trail Creek Watershed Management Plan 

(Tetra Tech, et al. 2018). Therefore, these projects were added to the prioritization table (Table 

5.1). This particular development was unforeseen and should have been stated in the beginning 

of the project as it affected the analysis and approach taken by the researcher and stakeholder 

group. Therefore, the project's approach suffered because ACC was a primary stakeholder. 

Ultimately the reality of politics, funding, project implementation and maintenance 

responsibilities eventually influenced the site selection process.  

However, in the end, ACC did endorse site-specific SCM and GI as experimental and 

demonstration projects. Because of traditional stormwater management practices, these 

landscape treatments were not recommended as potential opportunities in the 2018 East Fork 

Trail Creek Watershed Management Plan (Tetra Tech, et al. 2018). The following section 

presents the projects that were selected for the 2019 Section 319(h) NPS Implementation Grant 

proposal.  
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Selected Sites and Proposed Stormwater Control Measures  

 The selected sites and stormwater control measures were developed in close coordination 

with the ACC-Stormwater Department so that they reflect the priorities of ACC and their 

watershed management plans. The following SCMs are proposed to enhance GI and reduce 

harmful constituents from entering surface waters in agricultural, institutional, recreational, and 

residential areas on public lands (see Figure 5.11). Once implemented, targeted water quality 

monitoring will evaluate the effectiveness of the stormwater control measures. 
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Figure 5.11. Proposed Stormwater Control Measures, Trail Creek Watershed. (2018) 
Data Source: ACC, FEMA 

 
 
 

Agriculture SCMs 
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Project Location: Upper reaches of Trail Creek Watershed on Agriculture Land 

 Given that the need in this watershed overwhelms allocated NRCS funding, the Section 

319(h) grant would supplement prioritized practices. Cattle farms are ongoing in the headwaters 

of East Fork Trail Creek and West Fork Trail Creek (see Figure 5.12). The cattle population was 

estimated at 928 using the total land area and Natural Resource Conservation Service cattle 

density recommendation (NRCS 2009). However, as land is sold for urban development, cattle 

farms are expected to phase out in the future (Tichy 2003). During stream walks, manure was 

found on the banks where cattle had access to the stream (see Figure 5.13, Figure 5.14) (ACC 

2010, and Tetra Tech, et al. 2018). A 2018 study focused on identifying the sources of fecal 

bacteria. Sampling results found that canines, humans, and ruminants are the main sources from 

fecal indicator bacteria and microbial source tracking analysis. The presence of ruminant 

markers was found in 100% of the samples from monitoring site number six in the West Fork 

Trail Creek (see Figure 5.7, 5.8, 5.12) (Saintil 2018).  

 The following stormwater control measures are best management practices for cattle 

farms from the United States Department of Agriculture and the Natural Resource Conservation 

Service. If successful, these practices could significantly reduce ruminant fecal coliforms from 

entering nearby surface waters. Benefits from this project may include stream buffer protection, 

reduced soil erosion, sedimentation, pathogen contamination and pollution from dissolved, 

particulate, and sediment-attached substances. The following practices are: 

• Riparian buffer enhancement to establish streamside vegetation to filter stormwater 

runoff, stabilize streambanks and provide habitat for wildlife. 

• Permanent livestock exclusion fencing to prevent livestock from entering streams and 

areas not intended for grazing. 
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• Alternative watering systems to provide water to animals rather than directly from 

streams, rivers and lakes. Several options are available; the best type will depend on 

many factors, including site layout, water requirements, availability and cost of utility 

water and electricity, and the location and type of water source. 

• Armored stream crossing is a stabilized area or structure constructed across a stream to 

provide a travel way for people, livestock, equipment, or vehicles. This practice applies 

where an intermittent or perennial watercourse exists and a ford, bridge, or culvert type 

crossing is needed. 

• Heavy use area protection is used to stabilize a ground surface that is frequently and 

intensively used by people, animals, or vehicles. Surface treatments include concrete and 

other cementitious materials, aggregate, mulches, and vegetation. Site specific treatments 

are beyond the scope of the Section 319(h) Implementation Grant. Surface treatments 

would be determined by project partners from the NRCS who will work with land owners 

to implement prioritized practices. 
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Figure 5.12. Headwaters of Trail Creek Watershed. (2018) 
Data Source: ACC, FEMA 
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Figure 5.13. View looking toward East Fork Trail Creek. Source: Pictometry 2014 

 
 

 
Figure 5.14. View looking toward West Fork Trail Creek. Source: Pictometry 2014 
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Site Location: Upper reaches of Trail Creek Watershed at Stroud Elementary School 

 An unnamed tributary of Trail Creek flows through the forested hillside behind Stroud 

Elementary School, parcel identification 164 015. Currently the stream receives overland runoff 

from forested areas and industrial parcels to the north and northwest (see Figures 5.15, 5.16, 

5.17). Stormwater control measures of this project includes a flow splitter to direct stormwater to 

a constructed stormwater wetland in order to capture, retain, and improve the quality of runoff 

before it enters the waterway (see Figures 5.18, 5.19, 5.20). Benefits from this project may 

include peak flow attenuation, nutrient uptake, sediment removal, public education, and 

beautification. 

 A flow splitter is an engineered structure used to divide water flow into two or more 

parts, and divert these parts to different places. In this case, the structure would direct overland 

flow to a constructed stormwater wetland. Constructed stormwater wetlands are designed to 

maximize the removal of pollutants from stormwater runoff through settling and both uptake and 

filtering by vegetation. Shallow pools temporarily store runoff and support conditions suitable 

for the growth of wetland plants. While providing some habitat and aesthetic values, constructed 

stormwater wetlands are designed primarily for pollutant removal, erosion and flood control 

(USEPA 2009). A series of multi-stage treatment areas would greatly benefit this site; however, 

because of limited funding, this approach was not considered.  

 Five potential catchment areas were studied to determine the optimal location for the 

recommended SCMs (see Figures 5.18, 5.19, 5.20). In order to site the stormwater wetland, 

treatment zones were sized between 3% and 5% of the area in each catchment basin (Calkins 

2012). Of the five drainage areas studied, two were beyond the scope of the implementation 

grant as these projects would require significant tree removal, grading, and rerouting of 
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stormflow. The selected project location would treat 4.9 acres of overland flow (see Figures 5.18, 

5.19, 5.20).  

 

 

 

 

 

 
Figure 5.15. Stroud Elementary School Potential SCM Area.  

Source: Pictometry 2014 
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Figure 5.16. View looking south toward Stroud Elementary School. 

Source: Pictometry 2014 
 
 

 
Figure 5.17. View looking north toward Stroud Elementary School. 

Source: Pictometry 2014 
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Figure 5.18. Aerial Image, Drainage Analysis and Potential SCM Areas. (2018) 

Data Source: ACC 
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Figure 5.19. Hillshade Map, Drainage Analysis and Potential SCM Areas. (2018) 

Data Source: ACC 
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Figure 5.20. Slope Study and Potential SCM Areas. (2018) 

Data Source: ACC 
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Site Location: Upper Reaches of Trail Creek Watershed at Trail Creek Park 

 Downstream and South of Stroud Elementary School is Trail Creek Park, parcel 

identification 164 023 (see Figure 5.21). The 113-acre park is an ideal site to demonstrate green 

stormwater infrastructure and highlight innovative research and community partnerships. This 

project will retrofit a stormwater retention pond with floating treatment islands (FTI) (see 

Figures 5.21, 5.22, 5.23). The existing pond receives stormwater from the impervious surfaces 

on-site: the parking lot, roadway, and picnic area. Benefits of this retrofit project may include 

nutrient uptake, sediment removal, beautification, and public education.   

 Floating treatment islands are an emerging innovation in green technology that are low-

cost and have demonstrated significant potential for stormwater management (USEPA 

2009). Floating treatment islands are designed to float on the surface of a wet pond, providing a 

growing medium for emergent wetland plants. Floating mats or rafts are built in a way to support 

vegetation grown hydroponically. Plant stems are held above water level with the roots 

submerged below the surface, which enables plants to draw in nutrients from the water (WEF 

2015). They are a particularly attractive retrofit option because these devices do not require 

additional land to be dedicated to stormwater treatment. Research shows that stormwater 

retention ponds retrofitted with FTIs were more efficient at reducing total suspended solids, 

particulate zinc, particulate copper, dissolved copper, and nitrogen and phosphorus (Borne et al. 

2013). Depending on the reason listed for impairment, FTIs could provide a means for meeting 

TMDL reductions, but quantifying an appropriate nutrient reduction value is still difficult (WEF 

2015).   

 This site emerged based on opportunities identified from personally exploring the 

watershed and from visual scans of the watershed using Google Earth, EagleView Pictometry, 
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and GIS. Additionally, the site is a public park and may achieve multiple objectives listed in the 

rubric (see Table 5.1). Because of traditional stormwater management practices, FTI and 

retention pond retrofits were not recommended as potential opportunities in the 2018 East Fork 

Trail Creek Watershed Management Plan (Tetra Tech, et al. 2018). To research the potential for 

FTIs in the watershed, future studies could create an inventory of existing retention ponds for 

retrofit projects. 

 

 

 

 
 Figure 5.21. Trail Creek Park Potential GI Area.  

Source: Pictometry 2014 
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Figure 5.22. View looking south toward Trail Creek Park, Potential GI Area. 

Source: Pictometry 2014 
 
 

  
Figure 5.23. View looking north toward Trail Creek Park, Potential GI Area. 

Source: Pictometry 2014 
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Site Location: Lower reaches of Trail Creek Watershed at Vine Circle Community 

 Further downstream, Trail Creek flows alongside a small neighborhood named Vine 

Circle (see Figures 5.24, 5.25, 5.26). The Athens Housing Authority manages the property, 

parcel identification 172A1 A001A. A concrete flume that receives runoff from adjacent 

properties, the road, and parking lot provides current stormwater drainage. The flume directs 

stormwater towards Trail Creek, which comprises the northwest border of the property (see 

Figures 5.27, 5.28) (Tetra Tech 2018). 

 This parcel emerged in the list of candidate sites because the project is on land owned by 

ACC and it may achieve multiple objectives listed in the rubric (Table 5.1). However, this site 

was selected because it was a priority project for ACC as it was recommended in the 2018 East 

Fork Trail Creek Watershed Management Plan (Tetra Tech, et al. 2018). That said, because of 

traditional stormwater management practices, the 2018 East Fork Trail Creek Watershed 

Management Plan recommended a dry detention pond to reduce peak flows and remove 

sediment (Tetra Tech, et al. 2018). While this approach may treat most of the impervious 

surfaces on the parcel, it fails to achieve multiple community benefits as listed in the rubric 

(Table 5.1). Therefore, an alternative stormwater control measure that proposes construction of a 

bioretention basin (see Figures 5.29, 5.30, 5.31).  

 Dry detention ponds differ from bioretention basins in several ways. Many dry detention 

ponds are designed with the single purpose of providing flood control. Over the last 30 years, 

detention basins have been commonly used in suburban developments to provide flood control 

during storm events. Particularly in urban areas, it has been suggested that this style of basin 

could be improved to contribute to GI goals (Haberland 2012). Bioretention basins are 

landscaped depressions or shallow basins used to slow and treat on-site stormwater runoff. 
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Stormwater is directed to the basin and then percolates through the system where it is treated by 

a number of physical, chemical and biological processes (Calkins 2012). Dry detention basins 

typically have turf grass cover and poor draining soils. In contrast, bioretention basins are 

installed with engineered soils and planted with vegetation that can reduce maintenance costs 

and can improve the infiltration and filtration of stormwater runoff (Winer 2000). Additionally, 

this alternative approach to stormwater management can allow a site to serve as a place for 

environmental education while providing the local community with increased ecosystem 

diversity (AECOM 2016).  

 Five potential catchment areas were studied to determine the optimal location for the 

recommended SCM (see Figures 5.29, 5.30, 5.31). In order to site the bioretention basin, 

treatment zones were sized to 10% of the area in each catchment basin (see Figures 5.29, 5.30, 

5.31) (Calkins 2012). Of the five drainage areas studied, two bioretention areas would encroach 

on the outdoor living space of the residents and require significant tree removal. Additionally, 

the other two bioretention areas would not treat significant amounts of runoff to warrant 

implementation. That said, future projects should address capturing and treating all runoff from 

impervious surfaces. This could be achieved using GI practices, such as bioretention basins, 

rainwater harvesting, etc. However, because of limited grant funding for implementation the 

recommended project that may provide the greatest benefit and achieve multiple community 

objectives was selected. The selected project location would capture 4.9 acres of overland flow 

and is sited in central area of the community housing complex. The bioretention basin would 

treat sheet flow from most of the impervious surface of the parcel and stormwater directed by the 

concrete flume (see Figures 5.29, 5.30, 5.31). It is similar in location as the recommended dry 

detention pond on the northwest side of the parking lot (Tetra Tech, et al. 2018). Benefits of this 
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alternative project may include nutrient uptake, peak flow attenuation, sediment removal, public 

education, and beautification. 

 

 

 

 

 

 

  
Figure 5.24. Vine Circle Potential SCM Area. Source: Pictometry 2014 
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Figure 5.25. View looking northwest toward Vine Circle Potential SCM Area. 

Source: Pictometry 2014 
 

  
Figure 5.26. View looking southwest toward Vine Circle Potential SCM Area. 

Source: Pictometry 2014 
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Figure 5.27. Looking toward concrete flume at Vine Circle Community. (2018) 

 
 
 

  
Figure 5.28. Looking toward concrete flume at Vine Circle Community. (2018) 
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Figure 5.29. Aerial Image, Drainage Analysis and Potential SCM Areas. (2018) 

Data Source: ACC 
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Figure 5.30. Hillshade Map, Drainage Analysis and Potential SCM Areas. (2018) 

Data Source: ACC 
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Figure 5.31. Slope Study and Potential SCM Areas. (2018) 

Data Source: ACC  
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CHAPTER 6 

DISCUSSION 

This research was collaborative effort and made possible by many individuals who shared 

a common goal of rehabilitating surface waters. The author served as a facilitator, investigator, 

and participant who directly engaged with the team of stakeholders to develop a grant proposal. 

In the case of this thesis, stakeholders were already selected prior to the author's involvement 

with the project. The group was largely members of ACC government and local watershed 

organizations. Over the course of three months the group of stakeholders met five times to 

process, analyze, strategize, develop a plan, evaluate and apply for the 2019 Section 319(h) 

Grant Proposal for Trail Creek Watershed.  

This study began on the basis that the approach to stormwater management has shifted 

from a focus on closed drainage systems to examining the use of a decentralized approach and 

SCMs, such as GI. These practices are coupled with a strong interest in addressing stormwater 

runoff and NPS water quality issues, strategic investment decisions, ecological impacts, creation 

of wildlife habitat, and increased human well-being. Through the development of the proposal, 

stakeholder goals were to protect water resources, improve community livability, and mitigate 

possible future effects of climate change. While site-specific interventions can be effective, 

watershed-scale and big-picture thinking are necessary to make substantive changes in the 

management of watersheds and to improve water quality across the Trail Creek watershed and 

the Oconee River basin.  
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Demonstration projects could prevent harmful constituents and stormwater runoff from 

entering surface waters, and display how innovative management strategies provide multiple 

community benefits. Generally, the majority of the population see high risks in change (Rogers 

2003). Therefore, rather than persuading individuals to change, the evolution or reinvention of 

stormwater management strategies is about how these practices can supersede current methods 

and better fit the needs of individuals and society. The easier it is for individuals to understand 

the results of an innovative project, the more likely they are to adopt it (Rogers 2003). Because 

improvements in water quality take time, results must be translated in terms that matter to 

individuals and society, like economic benefits, social prestige, and amenity potential. Most 

importantly, promoting innovative stormwater management practices as demonstration projects 

is the first step in the process of social change and the adoption of SCMs and GI on public and 

private lands through the watershed, so that eventually the stream meets TMDL limits and is 

removed from the 303(d) list. Confidently, these approaches and recommendations are a step in 

the right direction for maintaining and rehabilitating water resources throughout the state. 

An approach that actively involves the community and stakeholders in the planning 

process can improve design quality, create a sense of ownership, and help ensure that 

recommendations adequately meet the community's needs (Rogers 2003). However, in this study 

the program was adapted as it progressed, and more interactive techniques were introduced to 

engage the participants and present information more effectively. After the first stakeholder 

meeting, in order to better understand the watershed, a comprehensive review of watershed 

management plans and spatial data using GIS software was conducted to identify potential sites 

for watershed improvement measures. Watershed inventory was presented at the following 

stakeholder meeting as a series of mapping studies and composite map (see Figures 5.1 - 5.10). 
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Interactive techniques included facilitating stakeholder meetings, watershed mapping studies and 

group discussion, developing site criteria and project goals, and group site visits. Throughout the 

prioritization and screening process, using an option for no weighting allowed stakeholders to 

provide feedback on the best way to prioritize criteria and projects. Their input provided key 

guidance as to how parcels were selected and which parcels were included on the priority list.  

Although the prioritization tools were developed as the project unfolded, they were useful 

for facilitating site identification and stakeholder's decision-making process. However, knowing 

what we know now, this process could be expedited if stakeholders understand the purpose of the 

grant and participate in the process; if watershed mapping studies are performed and presented at 

the beginning of the study; if a rubric identifying the goals of the stakeholders and benefits of 

each project is created during the first meeting; and, if the rubric weights selected criteria. 

During the design process, our team did experience setbacks, communication problems, 

and misdirection. As in many cases, social and environmental forces interact to create complex 

patterns. The impact of local politics on planning and design, such as competing viewpoints on 

community problems, methods of implementation, maintenance and economic concerns, affects 

both conditions and outcome of planning watershed rehabilitation activities. In this case, the 

group met approximately every two to three weeks as people were volunteering their time, but 

was limited by accommodating members' schedules. However, not everyone was able to attend 

each meeting and contribute their expertise. In the end, I believe this was a hindrance as meeting 

times were spent catching others up and redirecting the focus of the meeting. Additionally, the 

decision making process was slowed by the number of meetings and by blurred lines of 

leadership between the stakeholders and the facilitator. Perhaps this reflects my role as I did 

struggle to manage and direct the group of stakeholders. Too much time was spent going back 
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and forth at meetings, discussing opportunities of potential projects and organizing site visits 

with stakeholders. Part of this was due to a lack of understanding the purpose of this particular 

grant, i.e. projects that directly address NPS pollution and achievable water quality results rather 

than removal of invasive vegetation and creating public park space. Other setbacks included 

issues of responsibility or lack of commitment from some stakeholders to undertake 

implementation and maintenance of the proposed demonstration projects. Perhaps it is because 

the proposed projects are relatively new approaches to stormwater management rather than 

traditional practices that were recommended in previous watershed management plans.  

This approach may not be feasible in areas that lack resources, such as precedent 

watershed studies, water quality monitoring data, or detailed spatial data. Looking back, rather 

than reinventing the wheel and looking at the entire watershed anew, our team could have 

addressed projects on agriculture lands and proposed or modified projects from the 2018 

watershed management plan for East Fork Trail Creek (Tetra Tech, et al. 2018). A University of 

Georgia Environmental Practicum class developed a 319-grant application for Trail Creek in 

2016 that addressed agriculture lands and implementation projects at Stroud Elementary School, 

but was not awarded funding. Unfortunately, we were unable to obtain a copy of the previous 

grant proposal and stakeholders were not familiar with the earlier submission enough to inform 

this project. Additionally, it is important to mention that near the end of this entire process, ACC 

agreed to sponsor projects listed in the 2018 East Fork Trail Creek Watershed Management Plan 

(Tetra Tech, et al. 2018). This particular development was unforeseen and should have been 

stated in the beginning of the project as it affected the analysis and approach taken by the 

researcher and stakeholder group. Therefore, the project's approach suffered because ACC was a 

primary stakeholder.  
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Ultimately the submitted grant proposal did include several modified projects from the 

2018 East Fork Trail Creek Management Plan, but because of our focus on SCMs and GI we 

identified and proposed demonstration project that had been not considered or listed in previous 

planning documents. These projects were a constructed stormwater wetland at Stroud 

Elementary School; floating treatment islands to retrofit the stormwater detention pond at Trail 

Creek Park; and, a bioretention basin at Vine Circle Community. We believe coupling SCMs and 

GI as demonstration projects would create a competitive grant application.  

 

Future Directions 

As we move forward, it is important to remember that a factor in achieving sustainable 

watershed management practices is educating the public to understand the multiple benefits 

associated with sustainable stormwater management. Because stormwater typically remains out 

of sight and out of mind, and traditional hard infrastructure has been the accepted standard across 

the United States for decades, communities must experiment with and incentivize innovative 

techniques and projects that seek to set a new standard and change the way the public thinks 

about stormwater. Although it is common for policies to require low impact developments and 

SCMs on new developments, too often, developers decide to only achieve minimum design 

standards that do not consider the social or ecological aspects of sustainable watershed 

management. Implementing inventive solutions, evaluating, monitoring the successes and 

failures of those solutions, and reporting those outcomes allow for others to learn from and adapt 

to those techniques (Subramanian 2017). The application of SCMs and GI projects that exceed 

policy standards as demonstration projects that focus on educational opportunities and celebrate 
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stormwater can assist in spreading the word to change public perceptions about watersheds and 

stormwater management.  

To better understand the implications of this research, future studies could create an 

inventory of existing GI projects in the watershed or county to understand the percentage of who 

has already adopted the innovative approach. Additionally, future research could address 

retrofitting stormwater detention ponds with floating treatment islands; canine and human fecal 

contamination issues; water quality monitoring and MST tracking; investigate areas where sewer 

lines are near or intersect with Trail Creek; and, study areas where clusters of septic tanks may 

be failing.  

Considering the rivers in Athens, Georgia, were dumping grounds for raw sewage until 

1962, we have come a long way, but we still have a long way to go. The overall health of a 

watershed reflects a society’s cultural values. As rapid urbanization continues, especially near 

the headwaters, increased impervious cover in the watershed is likely to degrade overall stream 

health, possibly leading to greater impairment. 
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CHAPTER 7 

CONSLUSION 

It is not always easy to document or measure the success of a watershed project. 

Watersheds are dynamic systems that require years to restore equilibrium after controls are 

implemented, and monitoring for environmental success is technically difficult and resource 

intensive (Cooke 2006). Nonetheless, it is important to address pollution concerns sooner than 

later, and communities want to know if water quality has improved in a relatively short time 

period. While society relies on the ecosystem services provided by natural systems, the impact 

which human population growth has on aquatic ecosystems continues to be overlooked. Across 

the country, large-scale watershed rehabilitation projects will be needed in order to assure 

adequate and sustainable freshwater resources in the future.  

Sustainable stormwater management is about building healthy communities by balancing 

land-use demands that are best for human well-being and the environment. If implemented 

properly, SCMs and GI allow communities the flexibility to respond to ever changing economic, 

social, and environmental conditions. Site-specific SCMs and GI are holistic and multipurpose 

solutions to manage stormwater runoff and nonpoint source pollution. Projects that celebrate 

stormwater and ecosystem rehabilitation serve as assets and amenities for communities, as well 

as a protective mechanism for long-term rehabilitation projects. If managed properly, stormwater 

is one unifying resource that can rehabilitate watershed health. 

This research used the Trail Creek watershed as a case study to develop an effective 

strategy and screening process that may be applied by communities, who wish to achieve 
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multiple community benefits, rehabilitate ecosystems, and improve water quality in their local 

streams and rivers. In this case, the Section 319(h) Implementation Grant is a vehicle to 

implement decentralized SCMs thereby creating opportunities for multipurpose methods such as 

SCMs and GI to rehabilitate water bodies, and perhaps influence social change, stricter policies, 

and encourage these types of projects on private lands and across the watershed. This landscape-

based approach incorporates ecological, economic, and social aspects of sustainable design by 

introducing projects that are coupled with educational outreach in highly visible and public sites, 

demonstrating alternative approaches to current stormwater management practices. This research 

is vital in developing new strategies for the implementation of sustainable stormwater 

management and SCMs, such as incorporating GI into the public realm, and establishes an 

alternative future for how we manage stormwater and live with nature. 
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