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ABSTRACT 

The Fargo Project is a dry detention basin that holds stormwater drained from urbanized 

and impervious areas that serves as a component of a greater stormwater infrastructure network. 

The project goals were to design a multi-use green infrastructure area that would invite 

neighboring residents into the basin. From its conception, the project has relied on partnerships 

between stakeholders. A survey was developed and deployed to all stakeholder groups that 

participated in the community-based project to access stakeholder success. The Fargo Project 

was viewed as a success by most stakeholders. Project partners felt that the basin’s main goal 

was to serve a functional purpose as well as contain natural habitat that provided a resource to 

the community. This new knowledge expands on the traditional top-down governmental 

approach and allows more input from stakeholders.  

One goal of The Fargo Project was to establish native vegetation in the bottom of the 

basin. A study was established using five different native seed mixes planted in four replicates in 

the spring of 2016. Four years after planting many of the native species used in the treatments, 

even though planted at high densities, failed to persist or were at levels below 4% cover. 

Flooding during the germination and establishment phase negatively affected the long-term 

persistence of planted native species. This study determined that native plantings within dry 

detention basins come with challenges atypical to restorations in other natural habitats.  

Water quality at different vertical elevations within The Fargo Project basin was 

investigated. The vertical water quality was sampled after three large precipitation events at 

different stages within the basin: initial (first flush), at peak elevation, and outfall (as the basin 

drained). The water quality in two other dry detention basins were sampled for comparison. Most 

water quality analytes did not differ among the three detention basins except Total Suspended 
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Solids which declined as the basin drained. The development of a passive vertical water quality 

sampling system using commonly available materials was effective at sampling vertical water 

quality in detention basins. 
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CHAPTER 1: LITERATURE REVIEW 

Introduction    

Detention Basins, Ecosystem Services, and Creative Placemaking in Green Infrastructure                    

Urban stormwater treatment has historically been handled using three distinct methods: 

sanitary sewer, everything in a sewer, and independent networks (Nascimento et al. 1999). 

Independent networks for urban stormwater were used for stormwater capture and the 

attenuation of floodwaters. Conventional construction and design methods have been focused on 

capturing stormwater runoff volumes for a period of time and then releasing the water in a 

controlled and metered fashion (Novak et al. 2014). This practice was an attempt to reduce the 

peak runoff volume, as well as reducing the volume of water reaching downstream areas. The 

reduction or retention of stormwater pollution was typical of little or no concern (Nascimento et 

al. 1999). Designers created systems that could limit peak flows and paid little attention to 

pollution treatment or aesthetic value. During the 1970s, citizens voiced concerns over water 

pollution in urban areas (Nascimento et al. 1999). It was also discovered that detention basins 

had the capabilities to reduce the pollutants that were picked up and transported during rainfall 

events (Valiron 1985; Hall et al. 1993). After this point, detention basins began to address 

multiple objectives, which currently play an essential part in any stormwater management 

strategy.  

If properly planned, successfully integrated detention basins can benefit the public 

beyond a single-use design that focuses on hydraulic functions that are necessary to manage 

stormwater (Urbonas & Stahre 1993). Appropriate development and design for water detention 

areas can accommodate societal needs for recreation, green space, and natural habitat while 

mitigating flood potential and removing stormwater contaminants. Distance to green space and 
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other natural amenities seem to benefit property values. Research has found that urban residents 

prefer to reside close to wetland areas, and the type of wetland has little effect on this preference 

(Mahan et al. 2000). While the significance of aesthetics is important, the value of pollution, 

nutrient, and sediment control should be considered during the design and construction phases.  

Detention basins may provide ecosystem services that benefit humankind. Ecosystem 

services are direct or indirect benefits provided by natural systems that improve and sustain 

human wellbeing (Daily 1997). There are four functions or services that biological systems 

perform on our behalf; regulating, supporting, provisioning, and cultural (De Groot et al. 2010). 

A basins design can serve all four services, thus, maximizing its value to a community. A few of 

the ecosystem services that can be provided at the Fargo Project include a community gathering 

location, flood attenuation, a recreational space, bioremediation, and improvement in water 

quality.    

Municipalities have the opportunity to develop areas that were historically used primarily 

for capturing stormwater via creative placemaking. The term creative placemaking was coined 

by Markusen & Gadwa (2010) using this definition. 

"In creative placemaking, partners from public, private, non-profit, and community 

sectors strategically shape the physical and social character of a neighborhood, town, city, or 

region around arts and cultural activities. Creative placemaking animates public and private 

spaces, rejuvenates structures and streetscapes, improves local business viability and public 

safety, and brings diverse people together to celebrate, inspire, and be inspired" (Markusen & 

Gadwa 2010).  

While urban detention basins and other underutilized spaces provide multi-use 

opportunities, challenges in programming often arise. Stakeholders involved in creative 
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placemaking sites have various objectives, including increasing employment, reducing crime, 

attracting or retaining residents, and economic development (Morley & Winkler 2014), and these 

sometimes conflict with each other.    

Stakeholders 

Stakeholders play an essential role in the conceptualization and implementation of many 

community-based natural resources management plans. The term stakeholder was first used in 

business and public administration journals (Byrd 2007). It refers to a member of a group or 

individual who can influence outcomes or is impacted by the actions of a group or organization 

(Freeman & McVea 2001). Involved parties need to have an appropriate and vested interest to be 

categorized as a stakeholder (Donaldson & Preston 1995). Not all stakeholders need to be 

involved in every aspect of the decision-making process, but it is important for each 

stakeholder's interests to be understood (Donaldson & Preston 1995). Stakeholders can advocate 

for their position in a multitude of ways. Public forums and hearings, advisory committees, 

surveys, written comments, citizen development boards, and non-profit action groups are various 

ways stakeholders can participate in community projects (Fiorino 1990; Beierle & Konisky 

2000; Nanz & Steffek 2004). Involving stakeholders in the decision process can increase trust 

(King et al. 1998; Carmin et al. 2003), generate new ideas (Fiorino 1990; Carmin et al. 2003), 

reduce conflicts that arise (King et al. 1998; Beierle & Konisky 2000; Carmin et al. 2003), and 

educate the public about local projects (King et al. 1998; Beierle & Konisky 2000). Stakeholder 

participation allows more participants to have a voice and maybe one key to a successful project.  

Project Success  

There are several factors that make a stakeholder project successful. While there is no 

exact template that guarantees success, meeting the project objectives could be a primary 
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measure of success (de Wit 1988). Objectives often vary between stakeholders associated with a 

project. Factors that can contribute to the success of stakeholder involvement include group 

culture (Kwan & Ofori 2001; Bryde & Robinson 2005), commitment (Dainty et al. 2001; Fischer 

et al. 2003), ethics (Wood et al. 2002), and communications (Bryde & Robinson 2005). 

Multidisciplinary groups that are made of more than a client and contractor can have critical 

interests in the outcome of a project (de Wit 1988). Due to the various differences amongst 

groups, the use of an objective hierarchy can assure that all objectives and stakeholders have 

their needs and interests heard. Groups can even rank and evaluate success (Dyer & Forman 

1992). Then, using a project success framework, success criteria or project objectives can be 

assessed and compared to the category of performance preferred, which would gauge success 

(Ashley et al. 1987). This can help to ensure a positive outcome when a community-based 

stakeholder partnership is formed.   

Stakeholders and Sustainable Development 

The idea of sustainable development is a concept linked to the ecological concept of 

carrying capacity and the resources (i.e., water, food, and energy) a community can use without 

replenishment. If the resources used and waste generated does not impede future generations, 

then development is considered to be sustainable (Rees & Wackernagel 1996). Design 

professionals and community developers use green building standards to aid in sustainable 

development. Literature shows that advancements have been achieved regarding green 

infrastructure and sustainable approaches to stormwater (Wong 2006; Foster et al. 2011). Green 

infrastructure benefits urban areas by providing ecological and other services such as flood 

attenuation, habitat diversity, water and air purification, recreational space, and social benefits 

(Fiksel et al. 2014). Groups of public, private, and government stakeholders can use a 
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participatory form of governance to ensure that stakeholder groups meet their objectives and that 

the integrity of the environment is ensured. This form of sustainable development in which 

citizenry participates in sustainable decisions can enhance the partnerships between various 

stakeholders and help them to seek common ground among groups (Binghan et al. 2005). 

Multidisciplinary Urban Stakeholder Projects 

Multidisciplinary methodologies address policy, problems, and planning issues from 

different scientific approaches (Petts et al. 2008). When scientific disciplines collaborate with 

nonscientific communities, such as government, non-profits, communities, and civic groups, the 

work becomes transdisciplinary (Attwater et al. 2005). The urban environment is complex and 

includes social as well as ecological sciences (Whitehead 2003). However, the complexities of 

stakeholder objectives often find groups having different thoughts on how problems should be 

addressed. Therefore, if we are to ensure sustainable development and address "real world" 

problems, multidisciplinary stakeholder groups must work hand in hand on projects and form 

objectives that can be measured and achieved (Horlick-Jones & Sime 2004). A common 

motivation to plan and design more sustainable urban environments can begin to reduce some of 

the complexities in the planning and management of our urban areas.  

Two suitable methods for the integration of transdisciplinary partnerships are design 

thinking and adaptive management. Design thinking embodies the creative strategies used by 

those in the design profession to describe how they arrived at their solution (Ambrose et al. 

2010). This method of designing can be applied to sustainable design planning by using 

economic, cultural, and natural influences to resolve problems (Johansson‐Sköldberg et al. 

2013). The other method discussed in the literature, adaptive management, centers around the 

idea that management is a fluid and continual process; like the environment, it changes with the 
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effects of its surrounding inputs (McLain & Lee 1996). The stakeholders of a project have the 

ability to change their decision processes based on what new information they have received 

(Ruckelshaus et al. 2015), but it is up to them to act on this information. Proper planning and 

management strategies guide stakeholders to reach their desired outcomes more effectively, and 

both monitoring and feedback are essential to the success of a project.  

Designing Stakeholder Surveys 

In order to have an effective survey, it is vital to have a representative sample to take the 

survey. Representative sampling in stakeholder analysis refers to the practice of surveying a 

small portion of each stakeholder group to make inferences on the entire population (Kruskal & 

Mosteller 1998). Due to the diverse levels of stakeholder participation, it is essential to include 

as many groups as possible to identify key objectives and facets involved (Kuntz & Johnson 

2004). Designers may benefit from the knowledge obtained from several relevant disciplines 

corresponding to the scale and size of a project (Silvius & van den Brink 2014). Due to the 

collaborative nature of multi-stakeholder initiatives, representative sampling is an effective 

means of gauging the partnership's consensus (Leach et al. 2002).  

Stakeholder survey methods must clearly define a concept and construct. These 

constructs are conjectural levels for characteristics that exist but cannot be directly measured 

(Abowitz & Toole 2009). Examples of natural resource-based constructs are success, innovation, 

and equitable access (Frankfort-Nachmias & Nachmias 2007). With clearly defined constructs 

and carefully defined operational definitions, consistent and reliable results can be obtained 

(Frankfort-Nachmias & Nachmias 2007). In order to obtain valid data to be used by participating 

organizations, it is vital to gather measurable data from the stakeholders who are directly 

affected by the group's decisions (Sinclair & Smith 1999).  
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To successfully obtain project objectives in a community-based natural resources 

management project stakeholder collaboration should be participatory. Many projects 

traditionally have entrenched organizational structures where leading entities typically focused 

on the direction and scope of the project or actions (Reed et al. 2009). Community-based natural 

resource projects do not always follow this top-down approach. Information is needed from all 

stakeholders, including those who are affected by a project, as well as those who will have active 

roles in the outcome. It is for this reason that both engaged entities should participate in the 

survey (Grimble & Wellard 1997). Having a broad range of perspectives helps to identify a more 

significant set of intentions and allows a more robust perspective on the knowledge obtained 

(Woodhill & Roling 1998; Berkes 1999; Olsson et al. 2004). Through a survey, various 

stakeholder groups and individuals can be categorized and compared to others in hopes of 

developing clear goals for a project. 

Vegetation 

Urban Prairie and Restoration 

As Europeans began to arrive and agriculturally develop the United States, native 

tallgrass prairie stood on at least 68 million hectares of the North American Great Plains 

(Samson & Knopf 1994; Robertson et al. 1997). Many urban areas are settled over what was 

once native tallgrass prairie, including the Fargo-Moorhead area. The valuable soils produced by 

tallgrass prairie proved beneficial for agriculture; for this reason, much of the tallgrass prairie 

was put into agricultural production (Bryce et al. 1996). The community composition and 

ecosystem processes were transformed significantly due to the extensive agriculture pressures. 

The total amount of native tallgrass prairie in Minnesota totals only 1% of the pre-settlement 

numbers (Samson & Knopf 1994; Robertson et al. 1997). The benefits of prairie ecosystems are 
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increasingly being recognized as performing a myriad of ecosystem services (Green et al. 2015). 

Urban planners are seeking affordable solutions to install visually and biologically diverse plant 

communities that can provide ecosystem services in their restorations (Hitchmough & Woudstra 

1999). The restoration of prairies offers insight into conservation practices as well as the 

ecosystem dynamics involved in grassland function and structure that could be used in urban 

systems (Dobson et al. 1997).   

Research has shown that increased urban native vegetation has increased the amount of 

food and habitat for many pollinators and urban adapted species (Tommasi et al. 2004; Hanson et 

al. 2005; Vanbergen 2013). Domestic landscapes and planned municipal greenspace make up a 

substantial proportion of the vegetated networks that fall within the geospatial urban boundaries. 

These areas can support diverse plant communities beneficial to larger ecosystem matrices 

(Smith et al. 2006; Owen 2010). With a more significant percentage of the human population 

now residing within urban areas (United Nations 2011), it will be valuable to determine the 

significance of the remaining green spaces.   

Before an area becomes urban, it undergoes a period of transition. The literature 

describes this geographical transition zone as peri-urban. Peri-urban areas are locations that are 

developing and transitioning from rural to urban (McKinney 2002; Nechyba & Walsh 2004). 

Habitat is altered when land is cleared for urban use. Species that once provided services for the 

greater system may have been removed from the land (Lambin & Meyfroidt 2011). As this 

happens across the city and planning changes over time, there is a complex mix of areas with 

more infrastructure and those with less infrastructure and more green, blue, and open space that 

is created across the city.  Vegetation benefits, in open spaces can be limited by adjacent land use 

in many urban areas (Kline 1997). The use of urban gradients is promising for studies in urban 
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ecology (Matson 1990; McDonnell & Pickett 1990; McDonnell et al. 1993; Blair 1996; Blair 

2001). Urban areas and open spaces vary greatly. The connection between environmental 

heterogeneity and species abundance can be complicated. The use of urban to rural gradients, 

ordering land use into categories ranging from natural areas to those of high building density, 

and human population, can aid in the geospatial categorization of land use (Matson 1990; 

McDonnell & Pickett 1990; McDonnell et al. 1993).  

As urbanization increases, human interactions with nature are increasingly taking place in 

the cities and towns where residents live (Miller et al. 2002). Urban development often degrades 

and fragments the existing natural environment (Gaston 2010). In time, attempts are made to 

restore natural systems that were degraded by urban development. A complete restoration may 

not be possible due to the alterations that have happened in the ecosystem (Jackson & Hobbs 

2009). Vegetation may also fail to be restored due to new microclimates, the heat island effect, 

and changes in the soil that may affect the growing conditions of the restoration (Grimm et al. 

2008).  

Greater than 90% of the area once occupied by the floristically diverse tallgrass prairie in 

North America has been modified for agriculture (Samson & Knopf 1994). Restoration is vital 

not only for ecological value, but for conservation and cultural value as well (Dobson et al. 

1997). The goal of restoring prairie vegetation is to return ecosystem services to areas taken over 

by agriculture and development (Rowe 2010). The desire for many restorations is a high 

diversity of grasses and forbs (Rowe 2010). A prairie restoration establishing diversity will 

attract more wildlife (Ries et al. 2001), improve the soil (Baer et al. 2003), and improve water 

quality (Meals et al. 2010). Successful prairie restoration can induce functionally diverse systems 

impacting ecosystem changes at a community and system-level (Camill et al. 2004).  
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It is becoming more routine to see restored prairies within urban landscapes (Cerver 

1994). Currently, urban landscape and conservation planning has benefited from research on 

species distribution and management implications of urban restorations (Esparrago & 

Kricsfalusy 2015). The restoration of urban space is desired to achieve one of four "visions of 

nature"; nature as designed landscape, nature as habitat, nature as recreation, and nature as pre-

European settlement landscape (Gobster 2001). This is where the social context of an urban 

restoration merges with the science of ecologically restoring open spaces. More integrated green 

network systems are being constructed to protect and enhance natural space while serving as 

recreation areas and public green commons (Stadtplanung 1996).  

Establishing prairies works best when seed mixes are obtained from sources that match 

the geographical gradient in which the restoration is to occur (Bailey & Martin 2007). While 

some species can cross gradients, others are limited to areas with similar ecological 

characteristics (Hitchmough et al. 2004). One potential issue with a native establishment is weed 

management during the early establishment period (Wise et al. 2009). A process called spike 

seeding has demonstrated the ability to reduce weed establishment in grassland restorations. 

Spike seeding is adding forbs to a restoration seed mix (Norland et al. 2013). Forbs are chosen as 

spike species due to their ability to readily establish and provide diversity within the prairie 

restoration (McCain et al. 2010). Native seed sources and proper species selection aids in 

restoration success. 

Durability is desired for urban recreational areas, like the World Garden Commons, 

which experience foot traffic from visitors. The direct physiological effects of trampling, 

shearing, and crushing of turfgrass are considered wear injury (Shearman et al. 1974; Bonos et 

al. 2001). Extensive use may increase soil compaction (Carrow 1980; Kowalewski et al. 2010). 
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Compaction occurs when soil porosity is decreased, and bulk density increases as a result of 

recurrent interaction from an external force (Lipiec & Simota 1994). This reduction in soil pore 

space negatively affects vegetation by reducing shoot density and development (Matthieu et al. 

2011), hinders root growth, and reduces soil water infiltration (Henderson et al. 2005). To date, 

most machines used to replicate foot traffic consist of rubber-wheels (Canaway 1976), rollers 

(Cockerham & Brinkman 1989), and studded drums (Shearman et al. 1974; Vanini et al. 2007). 

One such method for reproducing foot traffic by applying dynamic force is the Baldree Traffic 

Simulator (BTS) (Kowalewski et al. 2010). The BTS was designed to be durable while reducing 

compaction and damage that is similar to tire compaction. Assessment of foot traffic wear injury 

may help determine durability and establishment potential of vegetation species considered for 

planting in detention basins.  

Vegetation and Stormwater 

Little research has been conducted on useful vegetation for stormwater areas. Many 

studies on stormwater focus on increasing evapotranspiration times and infiltration best 

management practices (BMPs) (Passeport et al. 2009). There is some literature that discusses 

vegetation and stormwater runoff as related to vegetated swales and grassy filter strips 

(Ahiablame et al. 2012). These vegetation channels are typically situated next to roadways or 

agricultural areas (Barrett et al. 1998). The biofiltration systems improve water quality by 

intercepting the first pulse of stormwater runoff and filtering the large storm flows they convey 

to streams and rivers (Shammaa et al. 2002). The water is treated through natural processes such 

as sedimentation, fine filtration, sorption, and biological uptake.  

Plant material may also benefit urban stormwater quality. Individual plant species chosen 

should be dependent on target pollutant, establishment potential, as well as durability to ensure 
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multifunctional performance (Bratieres et al. 2008). Nitrogen and phosphorous, as well as 

sediment, heavy metals, and hydrocarbons, are flushed into urban watersheds at heightened 

levels during rainfall events (Deletic 1998). This runoff inundates the plants and soil, which may 

prove both favorable and unfavorable to vegetation (Denman et al. 2011). A valuable ecosystem 

service that vegetation performs is that of nutrient or elemental uptake, and vegetation can act as 

a biofiltration system in stormwater detention basins (Niemczynowicz 1999). Biofiltration 

systems (sometimes referred to as biofilters or bioretention systems) are frequently being 

adopted to reduce pollution from urban waterways by improving stormwater runoff quality 

(Davis et al. 2001; Kim et al. 2003; Hatt et al. 2007; Henderson et al. 2007). Nitrogen and 

phosphorus, predominantly the soluble forms that are readily available for uptake, can be 

detrimental to water quality and lead to eutrophication (Kim et al. 2003; Taylor et al. 2005). 

Urban stormwater transports heavy metals such as Pb, Zn, Cu, and Cd as well as suspended 

solids (Davis et al. 2001; Fritioff & Greger 2003; Hatt et al. 2007; Henderson et al. 2007). 

Biofiltration systems that incorporate vegetation have been shown to improve effluent quality as 

opposed to non-vegetated soil media (Denman et al. 2011; Henderson et al. 2007).  

Biofilters occupied in basins where pulse events occur, such as those at the World 

Commons Site, have yet to be studied for their effects on pollutant removal.  However, research 

has shown vegetation acting in a filtration capacity is limited by the duration of contact time with 

water (Scholes et al. 2008). Therefore, species selection is of great consequence, not only for 

pollutant treatment performance, but the ability to establish and survive in less than optimal 

growing conditions. Plants proven to withstand the harsh conditions will prove valuable in 

detention basin design. Decisions regarding plant population and composition may vary when 

microclimatic conditions regarding site-specific hydrological, topographical, and design 
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conditions are taken into account (Ellis et al. 2003). It is for this reason that proper vegetation 

should be chosen not only for its treatment performance but also for durability and survivability 

when subjected to flash flow situations (Bratieres et al. 2008). 

Water Quality 

Urban Water Quality 

In recent decades urbanization and increases in impervious land cover have been 

proliferating, which has had a direct impact on both the volume and quality of stormwater runoff 

(Walsh et al. 2005; Line & White 2007). These considerations may vary with levels of 

anthropogenic disturbance taking place in and near individual basins. The need to treat runoff 

has generated techniques that capture or reduce the flow of nutrients. One design element 

discussed above in the vegetation section is the biofilter. The ability to reduce sediment and 

nutrient loads using a system like this is a critical component for any urban stormwater system.    

Urban ecosystems have been shown to exhibit reductions in water quality. Studies from 

the United States have shown that as urbanization increases, water quality decreases, and this 

same trend has been documented worldwide (McDonnell & Pickett 1990; Grimm et al. 2000; 

Brabec et al. 2002; Alberti 2005). Detention basins can be designed to mitigate the adverse 

effects of a set of general water quality indicators including: total suspended solids; biochemical 

and chemical oxygen demand; nitrates; phosphates; and fecal coliforms (Wu et al. 1996; 

Carleton et al. 2000; Scholes et al. 2008; Burns & Meiburg 2012). The performance of individual 

stormwater BMPs to address these water quality issues may vary from site to site in relation to 

variables such as design specifications, local hydrologic and climatic conditions, and system age 

(Ellis et al. 2003). Stormwater detention basins may provide beneficial ecosystem services if 

retrofitted to replicate services performed in natural systems.  
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Detention Basins vs. Retention Ponds 

Stormwater detention basins fill with runoff from rain events and often carry sediment 

and pollution (Colford et al. 2012). They differ from retention basins, which are wet ponds that 

hold water year-round. Retention ponds are usually found in areas where the water table is high 

(Ficher et al. 2003). Detention basins function by detaining large volumes of water and limiting 

the outflow to help mitigate downstream impacts such as hydrological disturbance from flash 

flows (Roy et al. 2008). Detention and retention ponds primary difference is the amount of 

residency time of impounded water and function. Detention basins are needed to impound runoff 

generated from impervious surfaces such as rooftops, sidewalks, parking lots, and roads (Paul & 

Meyer 2001; Konrad & Booth 2005; Ladson et al. 2006).  

Detention Basins Water 

Most stormwater enters these basins as surface runoff from impervious surfaces (Weiss & 

Haller 2002; Burns et al. 2005; Chithra et al. 2015). Water then percolates into the ground 

through pore spaces, especially where sites have a high-water table or sandy soils (Fischer et al. 

2003). Water may also enter a detention basin via subsurface infiltration. 

 Urban runoff is known to contain contaminants such as sediment, Escherichia coli (E. 

coli), oil and grease, metals, and nutrients (Reddy et al. 2014). Stormwater detention 

infrastructure has been shown to be useful at removing pollutants through the settling of 

sediment (Holler 1989; Stanley 1994; Wu et al. 1996). With proper design, detention basins have 

been recognized as having the ability to not only detain water, but to improve water quality as 

well (Wu et al. 1996; Carleton et al. 2000; Burns & Meiburg 2012). Detention basins can serve 

as a location to retain sediment and other pollutants attached to particulates (Wu & Ahlert 1986; 

Schueler 1987; Holler 1989; Stanley 1994; Wang et al. 2014). This is important in that it 
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prevents the degradation of streams and rivers by limiting the transfer of sediment and pollutants 

picked up in the initial runoff of a storm event (Stanley 1994). 

Detention Basins Water Quality 

Detention basins by nature are designed to capture and hold water so it can be metered 

out in a slow fashion as not to overwhelm an urban hydrological system (Shuster et al. 2005; 

Novak et al. 2014). Research has shown the first flush of water after rain or another significant 

water event is a unique phenomenon that takes place during the runoff cycle (Deledic 1998). 

During the first flush, the pollutant level is highly concentrated as it removes sediment, 

pollutants, and heavy metals from impervious surfaces (Goonetillekea et al. 2005). By designing 

and constructing urban detention basins in key locations, municipalities have the ability to reduce 

levels of nonpoint source pollutants over a broad range of land (Wu et al. 1996). When basin 

outlet structures are adequately sized, increasing residency time, basins have shown significant 

reductions in total suspended solids from stormwater runoff (Middleton & Barrett 2008). 

The residence time of water plays a notable role in the process of pollutant removal from 

detention basins (Whipple & Hunter 1981). Once pollutants are attached to suspended solids and 

enter a detention basin, there is a chance that it can settle before moving downstream. If water 

capture and dispersal are delayed, many grain sizes of suspended solids settle out close to 70% of 

the concentrations that entered during a rain event. This process takes approximately 32 hours 

(Whipple & Hunter 1981). It is challenging to design a system that is a "one size fits all" because 

settlement size and particulate size differ across the many pollutants that impact urban and 

detention basin water quality (Whipple & Hunter 1981; Mangangka et al. 2015). Research 

regarding the residency time and various fall rates of suspended particulates may aid designers in 

developing BMPs that could improve the water quality of urban catchment areas.   
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CHAPTER 2: ASSESSING STAKEHOLDER PERCEPTIONS AND VIEWS OF 

SUCCESS IN A LARGE URBAN GREEN INFRASTRUCTURE PROJECT 

Introduction  

Urbanization and anthropogenic impact contribute to habitat loss, watershed degradation, 

and ecosystem fragmentation worldwide (Foley 2005; Rockstrom 2009). A myriad of challenges 

affects the governance and management of urban ecosystems including planning uncertainties, 

strained municipal workloads, and political demand (Kaczorowska et al. 2016). These challenges 

are complex as they impact many groups, ecosystem scales, and have uncertain outcomes (Reed 

2018). Additionally, the ecosystems of urban areas are unique and often have complex issues 

surrounding zoning, social needs, heterogeneity, and private vs. public ownership (Pickett et al. 

2001; Pickett 2011). There is a myriad of ecosystem services and benefits to the urban citizenry 

that green spaces provide (Nowak & Crane 2002; Davies et al., 2011; Sanesi et al. 2011; 

Shashua-Bar et al. 2011; Susca et al. 2011; European Commission, 2013; Haase et al. 2014; 

Petralli et al., 2014; Ugolini et al. 2015). Stakeholder groups, such as municipal residents, 

commercial groups, and municipal agencies, as well as biotic and abiotic factors, impact the 

urban environment (Alberti et al. 2003). Urban inhabitants can play a pivotal role in 

collaborating with municipal entities to develop positive sustainable solutions to urban 

ecosystem challenges (Ernston et al. 2010; Andersson 2014).  Additionally, increased knowledge 

of these collaborations can improve future projects for all urban inhabitants (Ernston et al. 2010; 

Andersson 2014). Unfortunately, minimal literature exists on community-based green 

infrastructure projects and their process, successes, and failures, as most stakeholder processes 

are not documented or reported.  
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Most research to date on project success has been literature reviews (Jugdev and Müller, 

2005; Turner and Zolin, 2012; Davis 2016). Beyond that, existing stakeholder literature 

generally focuses on project management (Reed 2018), construction (Rowlinson & Cheung 

2008), and workflow (Alladi & Desik 2015). Literature to date for the most part fails to utilize 

empirical data, but instead focuses on methods and outcomes. It is important that empirical data 

be used to make sure stakeholder information and perceptions are correctly reflected in the 

research to improve future projects.  

Stakeholder success literature suggests that project participants have different perceptions 

of how they define project success (Davis 2016) and project performance metrics and success 

criteria vary amongst projects and stakeholders (Dalcher and Drevin, 2003; Turner et al., 2009). 

In general, projects that represent stakeholders and the public are more likely to achieve their 

outcomes, and engagement by these groups is influenced by power dynamics (Reed et al. 2009). 

Typically, power dynamics exist in a top-down approach (Liu & Jensen 2018). However, this 

does not need to be the case. It is important to document the successes and challenges of projects 

that experience a different power dynamic and how this affects the outcome.  

Stakeholder groups can enhance environmental sustainability in projects (Molla 2020), 

and stakeholder participation can produce ecologically minded urban design (Bowler et al. 2010; 

Demuzere et al. 2014; Liu et al. 2018), foster opportunities for green economy development 

(Zimmermann & Simpson 2013; Andersson et al. 2014) and develop foundations that strengthen 

social cohesion (Haase et al. 2014). Additionally, multifunctional green infrastructure 

components that have been programmed to provide ecosystem services have been shown to 

create more resilient urban environments (Bowler et al. 2010; Demuzere et al. 2014; Liu et al. 

2018; Alves et al. 2018). Previous research has sought to define project success (Jugdev and 
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Müller, 2005; Turner and Zolin, 2012; Davis 2016); however, urban ecosystem projects are as 

unique as the areas in which they take place.  

Success and failure can be viewed differently by stakeholder groups, therefore assessing 

stakeholders’ perceptions is important. Any successful stakeholder assessment should aim to 

improve understanding of the project and identify stakeholder expectations (Mathur 2008); as 

well as, evaluate the opportunity to improve stakeholder outcomes (Markiewicz 2005). Nonprofit 

and community development groups, surveys and questionnaires, public meetings, and hearings 

are all ways that allow stakeholders to provide input on a project (Carter et al. 1997; Beierle 

2000; Nanz et al. 2004). Research shows that stakeholder groups that provide input and 

participate in the design phase develop trust and "buy-in", new ideas are produced, and 

disagreements are diminished (Beierle 2000; Carmin et al. 2003). While some projects are 

adopting a more equitable decision-making process, many green infrastructure endeavors aimed 

at water management still utilize a top-down approach (Liu & Jensen 2018). If planners hope to 

develop broad stakeholder participation and strengthen social inclusion, it is important to 

determine the public view of success (Galea 2007; Pauleit et al. 2011). Previous environmental 

stakeholder assessments have focused on issues such as conflict resolution, biodiversity 

protection, and sustainable resource utilization (Kellert et al. 2000; Berkley 2013; Cebrián-

Piqueras et al. 2017). Few, if any, studies with stakeholder involvement have focused on urban 

ecosystems and stakeholder perception. Assessments of these types of collaborative ventures are 

often done as an afterthought and with little documentation.  

This study sought to garner perceptions of success amongst diverse stakeholder groups on 

a large urban green infrastructure project. The specific objectives were to: 1) determine 

organizational ways to assist in managing a project with diverse stakeholders; 2) evaluate the 
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skills and/or tools that different groups contribute; and 3) assess stakeholders' perception of 

success and how they vary amongst different groups. Information from this project can aid future 

planners in successfully involving diverse stakeholders in the design and implementation of large 

green urban projects. 

Methods 

This project was part of a larger urban green infrastructure project called The Fargo 

Project (TFP 2021) focused on a large stormwater retention basin (46º 51' 10.10" N 96 º 51' 

10.10" W) in Fargo, North Dakota, USA. The founders of the project had hopes of designing a 

multi-use green infrastructure area that would invite neighboring residents into the basin. They 

initially invited several participants to program, design, implement, and use a space that would 

be successful in terms of function, while also providing ecosystem services. Later, this 

participant group was greatly expanded to include diverse stakeholders from across the city, 

state, and the region encompassing city leaders, residents, nonprofit groups, different cultures, 

and different perspectives on design, including artists, engineers, researchers, and landscape 

architects, just to name a few.   

Project leaders used the design goals of: let the water lead; learn from the natural 

environment; involve the community, and experience nature and ecology to guide the project. 

The original funding for the project came through the arts, and therefore the project was led by 

artists who worked with city leaders to choose a site.  From there a team of local and national 

artists reached out to the community to hear what elements they wanted to be incorporated into 

the retrofitting of a stormwater detention basin. The process of engagement of the community, a 

large undertaking for this project, brought in as many stakeholder groups as possible and lasted 

approximately four years. The large stakeholder outreach was conducted to gauge what 
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stakeholders valued in their green infrastructure from diverse perspectives. Information gathered 

was considered the foundation for designing the project. In accordance with the design 

principles, involving and learning from stakeholders was a top priority. After involving the 

community, artists, city leaders, and their partners began to plan the space. The first community 

input meetings began in 2012 and ended in 2016, followed by design and implementation from 

2016 through 2019. 

A survey instrument was developed to assess stakeholders' perceptions of the design and 

implementation process, and their visions of success for the future of the TFP. Stakeholder input 

on planning, communication, participation, and implementation, while identifying knowledge 

gaps and overlaps of stakeholder groups were assessed in the survey. Questions were designed 

utilizing the Likert scale whenever possible. The initial survey contained 99 questions. A focus 

group consisting of researchers, water resource professionals, city leaders, nonprofit groups, and 

local citizens were utilized to determine whether the survey made sense and would garner the 

knowledge sought by researchers. The focus group helped to categorize and clarify questions.  

The final survey contained 89 questions (Appendix A) and was approved by the North 

Dakota State University Institutional Review Board prior to being administered. The first section 

of the stakeholder participation survey asked the participant to identify with a stakeholder group 

(ex. engineer, researcher, volunteer) and the area of knowledge they contributed to the project.  

The next section focused on the individual's vision for success, education about the project, and 

perceptions of TFP. The remaining questions sought to evaluate the needs and management of 

TFP based on the stakeholder's perspective. The survey was distributed electronically to 189 

stakeholders via email in 2019. The survey was administered electronically using Qualtrics 

software (Provo, Utah). The survey was conducted anonymously, and no identifying questions 
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were asked. The results of the survey discussed in this paper will not cover all questions, as 

communication and logistical questions included in the survey were meant to provide organizers 

project-specific insight and are not likely to be useful to a larger audience. 

Results and Discussion 

Two subpopulations were identified prior to the survey being sent out: 1) engaged 

participants, i.e., people who engaged with the project annually or more frequently; and 2) 

peripheral participants, people who engaged with the project only once. Out of the 189 people 

invited to complete the survey, there were 44 responses. One of the responses was not completed 

to a point where results could be assessed. Therefore, 43 responses were analyzed for the study. 

Of the 43 complete responses, 32 (74% of the total responses) identified themselves as 

participating annually or more frequently and were considered engaged participants. The other 

11 responses (26%) were considered peripheral participants. The one-time peripheral participants 

were often attendees to the planning and community input events, which were attended by 

approximately 50 to 75 people. Stakeholders that categorized their involvement as monthly 

participation were 23% (n=10) of participants, followed by weekly at 16% (n=7). Because 32 of 

the surveys were from engaged participants, and a total of 50 participants who were sent the 

survey were estimated to be in the engaged subpopulation, the survey likely resulted in responses 

from 64% of the engaged participants. According to Baruch and Holtom (2008), a survey 

response rate for organizational research above 50% of the targeted population is considered 

representative of the entire population and adequate for scholarly work. Therefore, results can be 

considered representative of the entire engaged stakeholder population and further statistical 

analysis and interpretation are not needed. The peripheral participants typically do not make 

large contributions nor do they often understand the many facets of the project that would 
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constitute the need for a separate analysis of their responses.  Therefore, peripheral responses 

were not interpreted separately and are only included in summarized data. 

The survey instrument asked stakeholders to identify their work on the project from a list 

of 19 categories; 17 of the 19 categories were represented (Figure 2.1). Half of the respondents 

identified themselves in one of four groups: government officials (30%, n=13), researchers (7%, 

7n=3), residents (7%, n=3), and community volunteers (7%, n= 3). Respondents that participated 

in an advisory role were designers, engineers, artists, researchers, nonprofits, residents, 

community volunteers, and public or government agencies. This diverse participation level 

exhibits a wide range of involvement and a transdisciplinary approach to stakeholders. In 

reference to TFP, the engaged participants met more frequently on the project to design and steer 

decisions. However, having larger numbers of stakeholders participate less frequently aided 

project leaders by filling gaps in knowledge and work needs to create a successful project.  

Increased stakeholder participation has been shown to benefit projects as it allows stakeholders 

to achieve a greater understanding of the issues that are important and work through conflicts 

that may arise (Newton & Elliott 2016). Additionally, increased participation by stakeholders can 

help form unified goals, establish community buy-in, and help create interest across geopolitical 

boundaries (Platt 2006; Moran et al. 2019).  
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Figure 2.1. Stakeholder groups to which participants identify on The Fargo Project.   

 

Stakeholder Classification and Knowledge 

Twenty-two categories were identified as “knowledge” that contributed to the design, 

development, and management of TFP (Figure 2.2). Stakeholders could be involved in more than 

one aspect of the project and were asked to mark all categories that applied to their participation. 

The categories with the most involvement were: planning (9%, n=17); environmental outreach 

(9%, n=16); project design (9%, n=15); community development (8%, n=14); communications 

(7%, n=12); native plantings (7%, n=12); and project management (6%, n=10) (Figure 2.2). 

Fundraising had the lowest participation with only one participant, but funding is a pivotal driver 

of most green infrastructure projects. The survey revealed that overall, fundraising (1%, n=1), 

soil specialist (2%, n=3), and permitting personal (2%, n=4) were the most underrepresented 

knowledge categories. Future projects may want to assess their knowledge needs and specifically 
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target stakeholder groups that showed low participation and are deemed essential to meeting 

project objectives, such as fundraising and communications. However, for groups representing 

categories like soil science and permitting, low numbers of participants may be acceptable as 

only one person with that knowledge might be enough.  

 

Figure 2.2. Participants knowledge contributions to the Fargo Project. 

 

Projects similar in scope to TFP generally always include engineers and government 

officials, but not always other stakeholder groups.  Including a breadth of stakeholders 

knowledgeable in topics such as research, art, native plantings, community development, and 

environmental outreach will likely reach a greater audience amongst area residents (Herslund et 
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al. 2018). Additionally, specifically targeting local stakeholder groups to cover knowledge gaps 

that may arise in future projects may prove to be beneficial for community-based resource 

projects (Lederer et al. 2017). Authors feel the diverse stakeholders utilized in TFP helped to 

meet the goals and ensure the success of the project, as was mentioned being beneficial by 

Newton and Elliott (2016). 

Potential Successes 

The design goals of TFP founders were: 1) let the water lead; 2) learn from nature; 3) 

involve the community; and 4) experience nature. These goals were introduced to stakeholders at 

the beginning of the project. In the survey, stakeholders were asked to rank many potential 

successes at the TFP to determine what successes stakeholders valued. Stakeholders were first 

asked about three major categories of success to see which they valued most: water and nature, 

successful design, and achieving project goals. Overall, survey respondents viewed water and 

nature as the most important (55%, n=22), followed by design (24%, n=10), and project goals 

was a close third at 23% (n=9).  Stakeholders’ responses reflected what its founders valued when 

programming and designing the site. Introducing design goals early in a project can aid 

stakeholders in understanding the human elements of urban ecosystem restorations (Pickett et al. 

1997). It may be helpful for project leaders on other projects to define inclusive objectives early 

in the process and readily communicate them to stakeholders. 

Next stakeholders were given the opportunity to rank potential successes at TFP in order 

of importance, there was a large variety of potential successes, so they were divided into related 

topics to determine rankings. There were six potential options in each question that respondents 

could rank 1-6, with one being the most important and six being the least important. The first set 

of potential successes focused on the purpose of the site, respondents ranked a useful recreation 
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space (29% n=12), more people visiting the space (22%, n=9), and a gathering space (22% n=9) 

as their top priority (Figure 2.3). The category that ranked the lowest by stakeholders was 

recognition of project site and name (68% n=28).  

Figure 2.3. Ranking of potential successes in order of importance at the Fargo Project with one 

being the most important. 

 

When participants were asked to rank potential successes of the natural aspects at TFP, 

the two highest rankings were having a functional stormwater basin (42%, n=18), followed by a 

natural space (23%, n=10), and then a place to connect with nature (16%, n=7) (Figure 2.4). 

Even in a multi-use system, it is important that the primary function, in this case, stormwater 

detention, is accomplished (Chang et al. 2021). Success at TFP was viewed by stakeholders as 

multi-faceted, serving purposes greater than just project function. This is similar to the findings 

of Pickett et al. (2011), who found that a multidisciplinary model would satisfy both natural and 
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social scientists and the success of these models consisted of learning and feedback between 

urban ecosystems and the humans within them (Pickett et al. 2011). 

Figure 2.4. Ranking of potential successes at The Fargo Project with one being most important. 

 

Stakeholder success is often viewed as meeting objectives (Newton & Elliott 2016). 

Respondents in the current study indicated, in regard to project objectives, that they want 

functional components like stormwater retention, but also feel the site can provide other 

amenities such as ecosystem services and recreational space. Future projects could benefit from 

determining objectives early in the planning process with stakeholder input, to ensure the project 

maintains its objectives throughout (Liu et al. 2018).  

Project Communication and Perceptions     

Stakeholders were asked how they viewed their experience with TFP (Table 2.1). When 

asked whether they had a positive or negative response to the statement, "you felt the 

collaboration methods (meetings, public events, and workshops) were positive", 54% (n=23) 

agreed, and 32% (n=13) strongly agreed. Often, respondents felt their knowledge was valued and 
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utilized during the project, with 34% (n=14) agreeing and 32% (n=13) strongly agreeing. When 

asked if "future projects similar in scope to TFP need to include your stakeholder group's 

knowledge", 49% (n=20) strongly agreed. This high number shows that stakeholders felt that 

their time and efforts were needed and valued. Not only did stakeholders reiterate their need to 

be involved in the project, but they expressed a desire to remain active once their stakeholder 

group had completed its work. The Fargo Project was successful in terms of perception and buy-

in as 43% (n=17) of stakeholders agreed with the statement, "you would like to participate in 

similar projects of this nature," and another 40% (n=16) strongly agreed. Again, when 

respondents were asked if "you would like to continue to stay involved (communication updates, 

volunteering) on TFP after your stakeholder group has reached its goals", 43% (n=17) agreed 

and 34% (n=14) strongly agreed.  This demonstrates a “buy-in” and commitment from the 

stakeholders involved, which is important to perpetuate the success of a project (Hall et al. 

2016). 

Design goals were established early in TFP to help municipal leaders set the tone. When 

participants were asked if they think the goals of TFP in terms of “let the water lead” have been 

achieved, results indicate 48% (n=19) neither agreed nor disagreed it had been achieved, but 

68% (n=26) either agreed or strongly agreed that it is achievable. When asked about the goal of 

“learn from the natural environment”, 65% (n=26) agreed this has already been achieved (Table 

2.2). These differences in respondents' answers when asked if they felt the same goal could be or 

had been achieved show that stakeholders feel the design objectives are achievable, but at the 

time of the survey, they had not been achieved. It is worth noting that the survey was completed 

shortly after the construction and implementation of features at the site, but before programming 

and use of the site was started. Researchers speculate that stakeholder responses reflect the 
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project being new and in the recent implementation state. Continual monitoring and adjustments 

to the project will be needed to eventually realize its full potential. Holling (1978) defined the 

term "adaptive management", essentially adapting management of a site based on gained 

knowledge and lessons learned. The principles of adaptive management are useful in urban green 

infrastructure projects, as with TFP, to ensure we learn from past management to improve for the 

future. By continually monitoring and adapting at TFP, the project hopes to meet all of its 

objectives.  
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Table 2.1. Percent of responses for questions related to perceptions of the Fargo Project. Number of respondents are in parentheses. 

Question Strongly Disagree Disagree 
Neither Agree 

nor Disagree 
Agree Strongly Agree 

You viewed your experience 

working on TFP as a positive 

experience. 

0 % (0) 0 % (0) 12 % (5) 51 % (21) 37 % (15) 

You felt the collaboration 

methods (meetings, public 

events, and workshops) were 

positive. 

0 % (0) 0 % (0) 14% (6) 54 % (22) 32 % (13) 

You felt that you were included 

in the collaboration process. 
0 % (0) 7 % (3) 27 % (11) 34 % (14) 32 % (13) 

You felt that you were valued 

in the collaboration process. 
0 % (0) 7 % (3) 23 % (9) 40 % (16) 30 % (12) 

Future projects similar in scope 

to TFP need to include your 

stakeholder group’s knowledge. 

0 % (0) 0 % (0) 19 % (8) 32 % (13) 49 % (20) 

This project could be replicated 

without your stakeholder 

groups skill set. 

15 % (6) 24 % (10) 32 % (13) 27 % (11)          2 % (1) 

You would have liked to 

participate more in TFP. 
0 % (0) 15 % (6) 37 % (15) 29 % (12) 19 % (8) 

You would like to participate in 

similar projects of this nature. 
0 % (0) 5 % (2) 12 % (5) 43 % (17) 40 % (16) 

You would like to continue 

working on TFP indefinitely. 
0 % (0) 23 % (9) 18 % (7) 30 % (12) 29 % (12) 

You would like to continue to 

stay involved (communication 

updates, volunteering) on TFP 

after your stakeholder group 

has reached its goals. 

0 % (0) 10 % (4) 12 % (5) 44 % (17) 34 % (14) 
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Table 2.2. Percent of responses for questions related goals and attainability. Number of 

respondents are in parentheses. 

Question 
Strongly 

Disagree 
Disagree 

Neither 

Agree nor 

Disagree 

Agree 
Strongly 

Agree 

As a design goal “Let the 

water lead” is achievable. 
0.0% (0) 5% (2) 28% (11) 46% (18) 21% (8) 

As a design goal “Let the 

water lead” has been 

achieved. 

2% (1) 18% (7) 48% (19) 25.0% (10) 7% (3) 

As a design goal “Let the 

water lead” will be 

achieved in the near future 

(next five years). 

0.0% (0) 5% (2) 41% (18) 44% (17) 10% (4) 

As a design goal “Learn 

from the natural 

environment” is 

achievable. 

0.0% (0) 2% (1) 18% (7) 57% (23) 23% (9) 

As a design goal “Learn 

from the natural 

environment” has been 

achieved. 

0.00% (0) 20.0% (8) 45% (18) 30% (12) 5% (2) 

As a design goal “Learn 

from the natural 

environment will be 

achieved in the near future 

(next five years). 

0.00% (0) 1% (1) 18% (7) 56% (23) 25% (10) 

 

This project is unique among traditional urban green infrastructure projects that are often 

led by city leaders and engineers. From TFP inception, it was led by artists. The local 

government in charge of the project sought to differ from traditional green infrastructure projects 

by having "artists, neighbors, engineers, landscape architects, and ecologists work together to 

develop a solution to transform a neighborhood stormwater basin that fits their unique needs as a 

community" (TFP 2020). Participants were asked if they understood the overarching goals of 

TFP, and they agreed they did, with 45% (n=25) agreeing and 25% (n=10) strongly agreeing 

(Table 2.3). They also agreed 45% (n=25) and strongly agreed 48% (n=19) that TFP is a worthy 

cause to replicate. A total of 45% (n=25) respondents strongly agreed, and 32.5% (n=13) agreed 
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when asked if they understood TFP was an artist lead and artist funded project. Stakeholders 

involved in this project, in general, reacted positively to the presence of artists in the list of 

partners as 35% (n=14) agreed and 50% (n=20) strongly agreed that it is important for future 

projects similar to TFP to include artists as team members (Table 2.3). The participants also were 

cognizant of the project having a different character due to the project being led by artists, with 

35% (n=14) strongly agreeing and 43% (n=17) agreeing that they noticed a difference in 

management style for the project.  

Overall results for this portion of the survey indicate participants feel it is important to 

have artists included in urban green infrastructure projects, such as TFP, but they do not feel it is 

necessary to have the project be led by artists. This difference of opinions and divergence of 

ideas is not only something seen with TFP, but also worldwide with other urban ecosystem 

projects involving multiple stakeholders (Gobster 2001; Alberti et al. 2003; Matsuoka & Kaplan 

2008). This is valuable information for community governments and project managers 

responsible for green infrastructure design and urban retrofits, as artists are not always involved 

as stakeholders of projects, but the community does value their insight and expertise.  
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Table 2.3. Percent of responses for questions on the goals, mission, and model of TFP. Number 

of responses are in parentheses.  

Question Strongly 

Disagree 

Disagree Neither 

Agree nor 

Disagree 

Agree Strongly 

Agree 

 

You understood (before 

this survey) that TFP is 

an artist led an artist 

funded project  

0% (0) 7% (3) 15% (6) 33% (13) 45% (18) 

You understand the 

overarching goals of TFP  

0.00% (0) 5% (2) 25% (10) 45% (18) 25% (10) 

You think TFP is a 

worthy cause to replicate 

0.0% (0) 0.0% (0) 7% (3) 45% (18) 48% (19) 

It is important for future 

projects similar in nature 

to TFP to include artists 

as team members 

0% (0) 2% (1) 13% (5) 35% (14) 50% (20) 

You notice a difference 

in this project 

management style due to 

it being artist LED  

0% (0) 2.5% (1) 20% (8) 42.5% (17) 35% (14) 

 

 

Public projects that hope to develop community buy-in succeed when the public is 

educated about project goals and objectives through collaboration (Smith 2016). The planners of 

TFP sought public input from a variety of programs and communication methods. Survey 

participants agreed that public events 67% (n=28), emails 52% (n=22), and meetings 55% (n=23) 

were effective methods of educating stakeholders (Table 2.4). These results could aid future 

planners wishing to effectively involve stakeholders in a project.  
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Table 2.4. Percent of responses about communication and education about TFP. Number of 

responses are in parentheses.   

Questions 
Strongly 

Disagree 
Disagree 

Neither 

Agree nor 

Disagree 

Agree 
Strongly 

Agree 

You found Public Events 

to be an effective way to 

educate the public about 

TFP. 

0.00% (0) 2% (1) 17% (7) 67% (28) 14% (6) 

You found email to be an 

effective way to educate 

the public about TFP. 

0.00% (0) 12% (5) 34% (14) 52% (22) 2%(1) 

You found meetings to an 

effective way to educate 

the public about TFP. 

0.00% (0) 9% (4) 31% (13) 55% (23) 5%(2) 

You found design events 

such as the We Design 

Events to be an effective 

way to educate the public 

about TFP. 

0.00% (0) 2.% (1) 38% (16) 38% (16) 22% (9) 

 

 

Respondents were next asked about the management of the TFP. Results signified that 

most participants did not have strong leanings about management, but many agreed the 

management of the project was effective (Table 2.5). The most "strongly agree" responses 23% 

(n=9) were related to design, meaning stakeholders thought the design management part of the 

project was especially effective.  Additionally, 54% (n=21) of TFP participants agreed that the 

project management in terms of communication/outreach was effective, and 45% (n=18) agreed 

that education was effective. 
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Table 2.5. Responses to questions about the management of TFP. Number of responses are in 

parentheses. 

Field 
Strongly 

Disagree 
Disagree 

Neither 

Agree nor 

Disagree 

Agree 
Strongly 

Agree 

The project management 

of TFP in terms of 

design was effective. 

0.0% (0) 2% (1) 33% (13) 43% (17) 23% (9) 

The project management 

of TFP in terms of 

implementation was 

effective. 

0% (0) 0.0% (0) 48% (19) 42% (17) 10% (4) 

The project management 

of TFP project in 

terms of project 

management was 

effective. 

0% (0) 3% (1) 43% (18) 41% (16) 13% (5) 

The project management 

of TFP in terms of 

communication/outreach 

was effective. 

0% (0) 8% (3) 33% (13) 54% (21) 5% (2) 

The project management 

of TFP in terms of 

education was effective. 

0% (0) 8% (3) 41% (16) 45% (18) 6% (2) 

 

 

Conclusion 

This project was viewed as a success by most stakeholders. There were a variety of 

different stakeholders involved in TFP: planners; engineers; artists; natural resource 

professionals; nonprofit groups; researchers; conservation workers; landscape architects; soil 

scientists; plant and restoration groups; cultural groups; gardeners; and the general public. This 

diverse group represents a wide range of involvement and a trans-disciplinary approach. All 

these people came to the table with different ideas of what an urban area is, what stormwater 

retention should look like, and what would be "success" at TFP. There were many overlaps in the 

knowledge of stakeholders, but few gaps.  
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Participants valued the success of the project as maintaining functional purpose and a 

place that contains natural habitat. Most stakeholders wanted to see a functional stormwater 

basin, but also a place to recreate passively. In general, participants agreed with the design goals 

laid out by project founders, and involving stakeholders in those goals and why they were 

important allowed for good stakeholder buy-in. This is especially interesting as the TFP was 

artist-led and differed from traditional municipal projects. The Fargo Project's artist leadership 

demonstrates that similar projects may achieve success even if a non-traditional leader is 

appointed and/or stakeholder groups are diverse.  

Recommendations for future projects are to utilize stakeholder groups with broad and 

diverse skill sets. This myriad of knowledge expands beyond traditional top-down governmental 

approaches and allows stakeholders more input. Additionally, identifying objectives early in the 

process not only provides a road map to success, but creates buy-in with stakeholders. The 

structure and participation in this project allowed planners to tie their urban environment to the 

larger landscape, thus creating benefits across geopolitical boundaries not recognized by the 

natural world. Information gleaned from participants can be applied to other community based 

green infrastructure projects where success for both municipal leaders and community members 

is desired.  
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CHAPTER 3: VEGETATION 

Introduction 

Green infrastructure is an important element of sustainable urban design (Lafortezza et al. 

2013; Mell 2017; Pauleit et al. 2017; Rolf et al. 2019; Hansen et al. 2019). Determining the 

vegetation that thrives in urban green networks is important to properly design and account for 

long term viability and success of these areas. It is estimated that between one-third and one-half 

of the earth’s land surface has been transformed by human action (Roberts et al. 2014).  As 

urbanization increases, human interactions with nature are increasingly taking place in the cities 

and towns where residents live (Miller et al. 2002). It is these human impacts that affect 

watersheds and water systems within and surrounding urban areas (Wang and Hejazi 2011). To 

counteract these anthropogenic influences on watersheds municipalities are developing multi-use 

green infrastructure components to mitigate the impacts of urbanization (Young 2011), for 

instance utilizing green infrastructure to provide habitat (Zhang et al. 2019; Monberg et al. 

2019). Green infrastructure design for stormwater uses vegetation, soils, and natural retrofits in 

hopes of restoring some of the natural components lost in urban areas (Baldock et al. 2015; Ives 

et al. 2016; Monberg et al. 2019). The green infrastructure components that form stormwater 

networks of detention basins, swales, and conveyance elements have yet to be studied in depth 

(Kazemi et al. 2009; Levin and Mehring 2015; Monberg 2019).  

Stormwater that falls in urban areas has little chance to infiltrate into the ground (Chin 

2006; Wenger et al. 2009), and storm events coupled with impermeable surfaces make detention 

basins a necessary component in stormwater systems (Line 2007). Urban detention basins reduce 

the risk of flooding by retaining water during flash flow events and in some instances help filter 

water (Arnold and Gibbons 1996; Booth and Jackson 1997). Beyond flood reduction and 
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filtration there is potential for detention basins to include multifunctional elements such as 

aesthetic features and natural areas (Andrade & Wiesner 2013; Goodspeed et al. 2021). Designs 

that consider nature can improve habitat and create connections for urban species (Kazemi et al. 

2009; Levin and Mehring 2015), and if properly planned, detention basins can benefit the public 

beyond a single-use that focuses on the management of stormwater (Urbonas and Stahre 1993). 

Currently, the desire to create effective multiuse infrastructure exists (Young 2011); however, 

the knowledge needed to understand vegetation plantings, recreational use, and green 

infrastructure in stormwater systems is largely unexplored (Bonilla-Warford and Zedler 2002; 

Garbuzov et al. 2015; Southon et al. 2017; Monberg et al. 2019).  

Urban programming often requires aesthetically pleasing and recognized plant species in 

recreation areas (Southon et al. 2017).  Additionally, research has shown that using native 

vegetation can provide habitat for pollinators (Hernandez-Castellano et al. 2020), sequester 

carbon, and act as a filter for pollutants (Read et al. 2008; Mohanty 2018). However, native 

prairie vegetation is affected by soil moisture and temporary inundation (Lubin et al. 2021), and 

the predictability of prairie restorations decreases when the moisture regime is variable (Aronson 

and Galatowitsch 2008). Until now, stormwater management has primarily focused on flood 

attenuation (Starzec et al. 2005; Zhu et al. 2020) and pollution control (Davis et al. 2001; Starzec 

et al. 2005; Zhu et al. 2020). However, within stormwater systems soil moisture is extremely 

variable and temporary inundation can be common. These conditions and their impacts on 

vegetation have not been studied in depth (Monberg et al. 2019). While there is a vast knowledge 

regarding the hydrological dynamics of stormwater systems overall, less is known about 

vegetation and its ability to establish in retention ponds and detention basins (Monberg et al. 

2019). 
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The goal of this research is to establish which native prairie seed mixtures sown in an 

existing detention basin would work best for the establishment and persistence of native species. 

Native seed mixes that are commonly available are compared to those mixes that had added 

flowering species by spiking them, a technique developed by Norland et al (2013). The spike 

method is designed to decrease invasive species establishment while increasing pollinator floral 

resources. By installing vegetation test plots within a detention basin, we hope to determine the 

best native seed mixtures to plant for future basin retrofits within urban infrastructure systems. 

By adding native plant material, planners can reduce the amount of introduced and invasive 

species while adding floral resources. This research will aid future land managers in making 

informed choices that will benefit their green infrastructure components. 

Methods 

Study Area 

The study area is located within an existing urban stormwater detention basin in the city 

of Fargo, North Dakota, USA (46o 51’33.28” N, 96o 50’48.18” W) (Figure 3.1). The detention 

basin was designed to capture water and meter it out slowly, as to not overwhelm the stormwater 

system. After runoff events the basin is designed to be dry except for the water in two channels, 

with the east to west having flowing water year-round, and the south to north channel having 

water only flowing during times of runoff. The basin is 4.34 ha in size and was excavated 4.8 m 

below grade. The basin was excavated in the dry lakebed of glacial Lake Agassiz. There are 

three different formations that the excavation went through.  Top to bottom, the formations are 

the Sherack, Poplar River, and Brenna. The bottom Brenna formation is made of thick clays 

while above that are cross bedded fluvial sands of the Popular River formation, and then the silty 

clays of the top Sherack formation. The basin has groundwater at or near the surface during 
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much of the year (Anderson 2006). The soils derived from exposing these formation are 

classified as urban silty clay aquerts that are non-saline to moderately saline ( Soil Survey Staff 

2022) 

This study took place between 2016 and 2019. Funded by a grant from the National Art 

Foundation, the City of Fargo developed a community partnership that involved engineers, 

researchers, community organizations, and designers in hopes of restoring ecosystem dynamics 

in the space. The objectives of this partnership were to: engage area residents in the creation of 

culturally significant public spaces; provide natural landscape experiences in the area; improve 

stormwater quality; explore stormwater management practices that incorporate natural 

components; and restore native prairie in the basin.   

The detention basin is named the World Garden Commons and is surrounded by a city 

park (9.1 ha). The catchment of the basin is 162.5 ha in size and collects stormwater from large 

adjacent parking lots and streets. The impervious areas within the catchment covers 68.7 ha 

(42.3% of the total catchment area). The basin has two inlets and one outlet culvert (Figure 3.1). 

The water is conveyed through earthen channels from the south and east inlets to the outlet in the 

northwest corner of the basin. Using information from Huggins (2019), who monitored and 

modeled flooding in the basin in 2018, it was found that precipitation events that exceed 20 mm 

would flood the study area for more than 18 hours (Figure 3.1). Higher precipitation events could 

flood the study area for 20 hours or more, with one event of 52 mm flooding the study area for 

close to 36 hours (Huggins 2019). Therefore, a 20 mm precipitation event was used as the 

threshold for precipitation events that would flood the study area for more than 18 hours and 

have an effect on establishment of planted species. Below 20 mm precipitation events may have 

caused flooding, but only for a short duration, and would not have covered the study area. Within 
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the study area there were six flooding events above the 20 mm level in 2016, four in 2017, six in 

2018, and nine in 2019.  

 

Figure 3.1. Diagram of study area detention basin showing the inlets, outlet, and channels for 

water as well as the vegetation plot design.  

 

The detention basin has been operational since 1984. The detention basin was enlarged in 

2000 and this is where the study area is located. Since 1984 management of the vegetation in the 

basin was to mow it regularly. The mowing promoted high maintenance species such as 

Kentucky bluegrass (Poa pratensis), but other species such as switchgrass (Panicum virgatum), 

prairie cordgrass (Spartina pectinata) and silverweed cinquefoil (Argentina anserina), along 

with other species were present. It is unknown what types of seed mixes were used in the basin 

after initial construction in 1985 and after enlargement in 2000.  
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Experimental Design 

The study consisted of a randomized block with a split design.  Several of the treatments 

used a spike seeding. The spike seeding adds several native forbs at a high density to the original 

seed mix. The spike seeding is designed to reduce invasive species establishment while 

providing an early establishment of floral resources that are aesthetically pleasing and can be 

used by pollinators (Norland et al 2013). There were five treatments as follows (see Appendix A 

for species in each treatment):  

1.  Short/dry mix (SDM). The short dry mix was selected to provide native grasses and 

habitat for animals. The short/dry mix is ideal for locations where shorter vegetation is desirable.  

2.  Pollinator mix for dry to mesic soils (PM). The pollinator mix for dry to mesic soils 

was chosen to provide forbs to promote pollination within the basin. The basin is dry for at least 

90% of the growing season, and for this reason researchers chose a mix suitable for dry to mesic 

soils.  

3. Short/dry mix with spike seeding (SDMS). The treatment of short/dry mix with spike 

seeding was picked with the desire to introduce native grasses and prevent weed encroachment 

during the establishment phase. 

4. Pollinator mix for dry to mesic soils with spike seeding (PMS). The treatment of the 

pollinator mix for dry to mesic soils with spike seed treatment was chosen to provide forbs to 

promote pollination within the basin and prevent weed encroachment during the establishment 

phase. 

5. Aesthetic prairie planting mix (APP). The aesthetic mix treatment was chosen to bring 

attention to the basin and educate urban residents to the value of green infrastructure and native 
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plant species. Varieties popular with landscape plantings were chosen to add a component of 

familiarity to the species intended to grow in the basin.   

The five treatments were randomly placed within a block and was replicated four times.  

The split plot consisted of one side of the plot being covered with a seed blanket (Seed Guard 

manufactured by DeWitt Company Norman, Oklahoma, USA) and the other side with nothing. 

The seed blanket is designed to increase plant establishment by creating a favorable environment 

for seed germination.  The plots were designed as an oval shape in keeping with design and 

artistic goals of the site.  Each oval was 139 m2 (19.5 x 8.8 m).  

The treatments were seeded during the spring of 2016. The entire oval was planted with a 

given treatment seed mixture. Prior to seeding the plot was tilled using a rear-tined rototiller 

mounted on a 40hp tractor two weeks before seeding. The soil was tilled to a depth of 10-15 cm. 

Tilling was intended to kill existing plants and create a seedbed conducive to seeding. Each plot 

was broadcast seeded with one of the five treatments listed above. After seeding, the plots were 

packed with a 121 cm wide cultipacker. After the soil was packed, half of the oval was covered 

with the seed blanket and the other half was left uncovered (split plot).  

Seeds were purchased from Prairie Restoration Inc. (Princeton, MN, USA) who 

developed the commercially available seed mixes SDM and PM. These two seed mixes are 

commonly used in regional plantings. The spike species and the APP treatment were chosen 

from experience and published recommendations. Seed mix SDM was seeded at a rate of 0.57 

g/m2. Seed mix PM was seeded at a rate of 1.14 g/m2. Seed mix SDMS was seeded at a rate of 

0.57 g/m2 with the spike species seeded at the following rates: Echinacea purpurea 55.5 

seeds/m2; Symphyotrichum laeve 185 seeds/m2; Achillea millefolium 299 seeds/m2; Rudbeckia 

hirta 774 seeds/m2; and Dalea purpurea 126 seeds/m2. Treatment PMS was seeded at a rate of 
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1.14 g/m2 with the spike species seeded at the following rates: Echinacea purpurea 55.5 

seeds/m2; Symphyotrichum laeve 185 seeds/m2; Achillea millefolium 299 seeds/m2; Rudbeckia 

hirta 774 seeds/m2; and Dalea purpurea 126 seeds/m2. Seed mix APP was seeded at the 

following rate: Echinacea purpurea 88.8 seeds/m2; Asclepias syriaca 40.4 seeds/m2; Rudbeckia 

hirta 1238 seeds/m2; and Symphyotrichum laeve 370 seeds/m2. 

Plant community establishment and encroachment was assessed at the end of the growing 

season in 2016, 2017, and 2019. The 2016 data were only utilized to determine what species 

were germinating and were not analyzed for cover and establishment. The plant community was 

sampled using a 0.5 m2 quadrat where each individual species was identified within the quadrat 

and given an ocular estimate of percent aerial cover. A total of six quadrats were randomly 

placed within each of the 20 oval plots. Three quadrats were placed on the seed blanket side of 

the oval and three in the no seed blanket side of the oval. The same observer did all the ocular 

estimates so canopy coverage estimation was consistent over the years.  

The species canopy cover data was placed into two categories: 1) Planted cover, which 

consisted of all the native species included in the seed mixes (planted); and 2) Other cover, 

which includes all other species either native or introduced (other) (see Appendix B for a list of 

species in the two categories). The canopy coverage of planted and other was analyzed using the 

SAS® software, Version 9.4 of the SAS System for Windows (Copyright © 2015 SAS Institute 

Inc. SAS and all other SAS Institute Inc. product or service names are registered trademarks or 

trademarks of SAS Institute Inc., Cary, NC, USA) using a mixed model design where the split 

factor (seed blanket or no blanket) was nested under the treatments and both were treated as 

fixed factors. Least square mean comparison tests used the Tukey procedure at the P<0.05 

significance level. The plant community data (species canopy cover) was analyzed as mixed 
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model with treatments as the fixed factor using PERMANOVA (Anderson et al. 2008) as 

implemented in PRIMER-e™ (Quest Research Limited). The distance measure used was the 

Bray-Curtis. Paired comparison P values were not adjusted as recommended by Anderson et al. 

(2008). 

A graphical display of the plant community data (species canopy cover) used Nonmetric 

Multidimensional Scaling (NMS) ordination. The NMS analysis was completed using PC-ORD 

Version 7 software (Wild Blueberry Media LLC) (Peck 2016). The Bray-Curtis distance measure 

was used same as in PERMANOVA. Patterns in the data were found by doing 500 iterations of 

the data in PC-ORD reducing to one axis from six with an instability criterion of 0.0001. The 

number of axes (dimensions) and model selection was based on: (1) a significant Monte Carlo 

test (P<0.05); (2) a model with a stress <25; (3) an instability <0.0001; and (4) axes selection 

was discontinued if the next axis did not reduce stress >5. Pearson’s Correlation Coefficients 

R≥0.4 or R≤-0.4 between species cover and axes scores were used to interpret the ordination 

(Peck 2016). 

Results 

2017 Sampling 

Two growing seasons after planting, the cover of the Planted species among the 

treatments were significantly different (P<0.001).  The APP treatment demonstrated significantly 

higher Planted cover than the other treatments (Figure 3.2). The SDM had the lowest Planted 

cover. The spike seed mixes (SDMS and PMS) had mixed results, where the spike seed mixes 

were significantly lower than the APP with only the SDMS higher than the non-spike seed 

treatments (SDM and PM). Other species cover had treatments that were significantly different 



 

71 

P<0.0001. The APP had significantly lower Other cover, while the non-spike seed treatments had 

the greatest amount of Other plant cover (Figure 3.3). 

 

Figure 3.2. Planted species percent cover for the five treatments in 2017. Treatments with 

different letters are significantly different from the other treatments at P<0.05 level. Error bars 

represent standard deviation.  
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Figure 3.3. Percent cover of other species in each of the five treatments for 2017. Treatments 

with different letters are significantly different from the other treatments at P<0.05 level. Error 

bars represent standard deviation. 

 

The plant community PERMANOVA analysis for 2017 found there was significant 

differences between treatments (Pseudo F =3.23, P=0.0002). A pairwise comparisons of the 

treatments found no significant differences (P>0.05) (Figure 3.4). Species cover that were 

correlated with NMS axes were a mix of Planted and Other species (Table 3.1). Because all 

treatments had replications that were found in all four quadrants of the graph, no species are 

indicative of a treatment effect. The species correlated with the axes were indicative of various 

other conditions in the basin such as salt affected soils, pre-existing patterns of the Other species, 

and slight changes in elevation within the basin (see Appendix C for average percent cover of 

each species found).  

0

20

40

60

80

100

120

SDM PM SDMS PMS APP

P
rr

c
e
n
t 

c
o
v
e
r

Treatment

AB

B

A 

C 

AB 



 

73 

Figure 3.4. Ordination Nonmetric Multidimensional Scaling graph representing the plant 

community and the five treatments for 2017. Stress was 11.7. Treatment replications are 

enclosed by a convex hull polygon. Legend items followed by different letters are significantly 

different at P<0.05. Values after the axis labels show the amount of variability explained by each 

axis. Axis 3 is not shown, R2=0.13.  
 

Table 3.1. Pearson Correlation Coefficient of species cover values with the 2017 Nonmetric 

Multidimensional Scaling analysis axes scores that met this criteria, R >0.4 or <-0.4. 

Species Axis 1 Axis 2 

Hordeum jubatum 0.5  

Melilotus officinalis    0.55 -0.61 

Ratibida columnifera -0.52  

Rudbeckia hirta -0.52 -0.53 

Lotus corniculatus -0.88  

Bouteloua curtipendula  0.54 

Panicum virgatum  -0.42 

Plantago major  0.7 
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2019 Sampling 

Four growing seasons after planting, the Planted species cover was not significantly 

different among treatments (P=0.18). The SDM treatment had 0% plant cover, with the other 

treatments having Planted cover at or below 3%, which is a ten-fold drop from the 2017 survey 

(Figure 3.5). In 2019 the Other cover was also not significantly different among treatments 

P=0.73. However, the Other cover for all the treatments had come to comprise approximately 

80% of the total plant cover. (Figure 3.6).  

 

  
Figure 3.5. Planted species percent cover for the five treatments in 2019. Treatments with 

different letters are significantly different from the other treatments at P<0.05 level. Error bars 

represent standard deviation.  
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 Figure 3.6. Percent cover of Other species in each of the five treatments for 2019. Treatments 

with different letters are significantly different from the other treatments at P<0.05 level.  Error 

bars represent standard deviation.  

 

 

The plant community PERMANOVA analysis for 2019 found there were significant 

differences between treatments (Pseudo F =3.23, P=0.013). A pairwise comparisons of the 

treatments found no significant differences, similar to the 2017 data (P>0.05) (Figure 3.7). Also, 

like the 2017 analysis, all treatments had replications that were found in all four quadrants of the 

graph; therefore, no species were indicative of a treatment effect. As with 2017, the species 

correlated with the axes (Table 3.2) were indicative of various other conditions in the basin such 

as salt affected soils, pre-existing patterns of the Other species, and slight changes in elevation 

within the basin.  
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Figure 3.7. Ordination Nonmetric Multidimensional Scaling graph representing the plant 

community and treatments for 2019. Stress was 9.7. Treatment replications are enclosed by a 

convex hull polygon. Legend items followed by different letters are significantly different at 

P<0.05. Values after the axis labels show the amount of variability explained by each axis. Axis 

3 is not shown, R2=0.14. 
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Table 3.2. Pearson Correlation Coefficient of species cover values with the 2019 Nonmetric 

Multidimensional Scaling analysis axes scores that met this criteria, R >0.4 or <-0.4. 

Species Axis 1 Axis 2 

Achillea millefolium 0.41  

Agrostis gigantea -0.49  

Elymus repens  -0.87  

Lotus corniculatus 0.71  

Monarda fistulosa    0.54 

Panicum virgatum  0.71 

Plantago major -0.4  

Poa pratensis   -0.44 

Polygonum persicaria 0.41  

Polygonum lapathifolium 0.48  

Rumex crispus    0.5 -0.73 

Symphyotrichum laeve  -0.41 

Thalictrum venulosum  -0.51 

 

Many of the warm season grasses began to establish in the fall of 2016 after the spring 

planting season. Schizachyrium scoparium, Bouteloua curtipendula, and Bouteloua gracilis were 

all observed during the 2016 season. However, by the time we surveyed the plots during the fall 

of 2019, these grasses were absent during our inventory. Pollinator forbs such as Dalea candida 

and Dalea purpurea showed signs of germination during the first year of the retrofit, but were 

greatly reduced in surveys over time. The precipitation events and consequent flooding of the 

plots may have reduced the chance for the grasses and clovers establishing and thriving in the 

detention basin microclimate.  
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Seed Blanket 

The 2017 Other vegetative cover for the seed blanket treatment was not significantly 

different P=0.065 (Figure 3.8).  Whereas the Planted cover for the seed blanket treatment had 

significantly higher Planted cover compared to no seed blanket P=0.006 (Figure 3.9). The effect 

of the seed blanket was not present in the 2019 plant survey, with neither the Other vegetative 

cover (P=0.065) or Planted cover (P=0.9) being significantly different (Figures 3.10 and 3.11).  

Figure 3.8. Percent cover of Other species with no seed blanket and with a seed blanket in 2017. 

Different letters over the columns denote significant differences at the P<0.05. 
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Figure 3.9. Vegetative cover of Planted species with no seed blanket and with a seed blanket in 

2017. Different letters over the columns denote significant differences at the P<0.05. 

 

Figure 3.10. Vegetative cover of other species with no seed blanket and with a seed in 2019. 

Different letters over the columns denote significant differences at the P<0.05. 
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Figure 3.11. Vegetative cover of Planted species with no seed blanket and with a seed blanket in 

2019. Different letters over the columns denote significant differences at the P<0.05. 
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levels to less than 4%, while the other species, which were not planted, increased to 80% of the 

vegetative cover.  

Examining tolerance to flooding and detention basin conditions shows that the treatment 

with virtually no cover of Planted species by 2019 was the SDM mix where the seed mix was 

dominated by warm season native grasses. The only species in the mix that may tolerate flooding 

appears to be Schizachyrium scoparium, as it is a facultative wetland upland species occasionally 

found in wetlands (USDA 2021). All the other grasses were strictly upland plants with little to no 

tolerance for flooding. The native species used in the other treatments had few species that were 

facultative wetland, and no species that were obligate wetland species. One native species that is 

a facultative wetland upland species, Rudbeckia hirta, and was seeded at high densities in the 

SDMS, PMS, and APP treatments, established well in 2017 with an average cover of 13.11% 

across all treatments, but by 2019 the average cover value had decreased to 0.42%.  Even though 

the flooding events lasted under 24 hours in most instances, this seemed to be enough to reduce 

the establishment of the native species used in the treatments. This species readily establishes in 

other native seed plantings in the region; therefore, it was unusual that this species failed to 

continue its high cover into 2019 (Comeau et al 2020). 

Species Cover and Success of Planted Species 

The cover of Planted species in any treatment was below 4% cover in 2019, while in 

2017 several treatments had cover ranging between 20-40%. It was determined these treatments 

were not having the desired effect of restoring the basin with native species and floral resources 

by 2019. Our results in 2017 are similar to what Monburg et al. (2019) found two years post 

construction, in that there was an increase in species richness. Monburg et al. (2019) also stated 

that more than two years may be needed to conclude if species will persist. Our results from 
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2019 lead us to conclude that more than two years are needed for the full expression of detention 

basin conditions on plantings. It could even be conceivable that with less flooding events within 

the first several years of planting there could be a period when flooding events will impact 

plantings similar to how our plantings were affected in 2019. Meaning that it is not time but 

events that will determine persistence of plantings in a detention basin. 

Results from 2019 show that the treatments had reverted to the other species that were 

originally on the site, and now amounted to 80% of the vegetative cover. The most common of 

the other species were Elymus repens, Symphyotrichum lanceolatum, Panicum virgatum, Poa 

pratensis, Lotus corniculatus, Rumex crispus, Taraxacum officinale, and Hordeum jubatum.  It is 

apparent these species are better adapted to the wet and dry periods experienced in this basin and 

that is why they were the most abundant species before planting. It was observed that the cover 

of Lotus corniculatus varied over the years with higher cover in 2017 and lower cover in 2019. 

The decreasing cover was attributed to more flooding events and the species being less adaptable 

to flooding. Thus, the cover of certain pre-planting species may also vary given the number of 

flooding events during certain time periods. One conclusion that could be made from this is that 

because the basin had been in existence for 30 plus years, the species that were adaptable to the 

site had already established there. What was not known prior to this study, is if there were other 

native species that could establish in the basin, but were not there because there were no seed 

sources or existing populations in the urban environment. The results from this experiment lead 

us to conclude that adding more native species to the basin is not that simple given the wet/dry 

conditions and that after 30 years the original species there are the most adaptable to the 

conditions of the site. Even though these species were adaptable to this detention basin, it is 

unknown if they would be species that can be recommended for other dentation basins. 
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The lack of native species establishment and low cover of planted species points to soil 

moisture being an important factor that determines the success of native prairie plantings in 

detention basins.  This has also been shown in native prairie plantings in other areas (Lubin et al. 

2021). The altered hydrology (wet/dry cycles) of detention basins is also likely a contributing 

factor in the failure of the restoration, as frequency and basin size are known to affect the species 

richness of perennial forb establishment in areas subjected to periodic inundation (Mulhouse and 

Galatowitsch 2007). Additionally, long term restoration success is less predictable when the 

moisture regime is not constant (Aronson and Galatowitsch 2008). The effect of pollutant loads 

during first flush events could also have prevented certain species from establishing (Monburg et 

al. 2019), though it was not assessed in this study. Authors did note that after flooding a thin 

layer of sediment was visually apparent, and authors speculate this could contribute to poor 

establishment which has been shown in wetland areas (Ewing 1996; Werner and Zedler 2002). 

Overall, the complexity of restoration efforts is made more unpredictable by the water dynamics 

at the site (topsoil erosion, sediment loading, pollutant introduction, moisture regimes, and 

periodic inundation), as these impacts are typical in detention basin systems (Rasran et al. 2007; 

Schnoor et al. 2015; Monburg et al. 2019).  

There were species that were planted that were no longer present by the time we 

conducted the 2019 survey. Even species that were seeded at high densities as a spike species 

and germinated, such as Dalea purpurea, failed to establish by the 2019 sampling season. 

Knowledge of flooding susceptibility, especially when establishing from seed, for many prairie 

species is not well known compared to characteristics like time of seeding and resistance to weed 

competition (Lubin et al. 2021; Mulhouse & Galatowitsch 2003). This knowledge of flooding 
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susceptibility for different species would be valuable to increase the success of urban vegetation 

plantings. 

The decision to use native species less tolerant to flooding in this experiment was based 

on a pilot study where a wet meadow species mix of facultative or obligate wetland species were 

planted in the basin in 2014 to determine establishment potential. The only establishment by the 

wet meadow species was in a 10m belt around the channels in the basin. This lack of 

establishment and knowledge that flooding duration away from the channels was no longer than 

24 hours led authors to use less tolerant wetland species in the experiment. In addition, a survey 

of existing vegetation showed many species at the site were not facultative wetland species but 

were facultative upland wetland species. The desire with the treatments was also to test if floral 

resources could be added to the basin for aesthetic and pollinator value, which meant the use of 

flowering species less tolerant to flooding. In hindsight, it appears that the selection of native 

species for the treatments were not adaptable enough for the basin conditions. Unfortunately, the 

basin also is not conducive to wet meadow species establishing away from the channel. 

Therefore, conditions in the basin are such with wet and dry periods that it is challenging for 

many plants, both native and introduced, to survive and thrive. There was a small group of 

species adaptable to the basin, though this study did not screen all possible species, so more 

species might be adaptable then was found here.  

Some planted species were found in adjacent plots from the plotted plantings. Vegetation 

sampling revealed that some planted species migrated from the area it was planted into different 

plots. This is believed to be caused by the periodic flooding, where seeds were floated to the 

other plots as opposed being moved by other factors like wind or animals. Hydrodynamics and 
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inundation are known to create movement of species in restored wetlands (Mulhouse & 

Galatowitsch 2003).  

Panicum virgatum is a perennial grass that is native to the North American tallgrass 

prairie (Casler et al. 2007). Benefits of Panicum virgatum include soil conservation, hay 

production, grazing, habitat, and biomass production for conversion to energy (Vogel 2004; 

Caslet et al. 2007; Casler et al 2012).  The success of Panicum virgatum at the study site might 

indicate that managers and designers should use tolerant native grass selections in basin 

restoration seed mixtures. Designers should analyze their local biomes to determine species with 

the best chances of survivability.  With thoughtful preparation urban landscape planners can 

design systems adapted to their sites that provide a multitude of ecosystem services within their 

green infrastructure components. They should include local species from their region that are 

adaptable to periodic inundation and can be used for energy or other provisioning services.   

Soil Salinity 

The Red River Valley, the larger ecoregion that surrounds the study area, has soil salinity 

issues which have affected nearly 80,0000 ha of agriculture land (Ulmer er al 2007; Shermer et 

al 2012). The salinity issues in the region are caused by fluctuating water tables, capillary rise, 

hydroscopic water pressure, discharge soils, saline seeps, evaporating ponds, and naturally 

occurring saline rich soils (Anderson et al 2014; Shermer et al 2012; McCauley & Jones 2005; 

Millar 2003; Tober et al., 2007). High salinity levels impact plant yields and affect plants in all 

stages of growth (Peel et al. 2004; Shermer et al 2012). The detention basin used in this study has 

been excavated to 4.8 m below grade, exposing old lake salt bearing sediments that had not 

experienced weathering (Anderson 2006). Electrical conductivity of soil samples from an 

unpublished report at the study site found that salinity levels were in the slight to moderately 
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saline categories in the experimental plots. Eleven of the 25 original plots had electrical 

conductivity readings above 1.9 dS/m with several reaching 3.5-4.5 dS/m. These levels would 

inhibit growth of salinity sensitive species with only moderately tolerant species being able to 

grow (Tober et al 2007). Many of the species used in the treatment seed mixes are not tolerant of 

salinity at those levels. Species like Achillea millefolium for example (a species used in the seed 

mix) is moderately tolerant, but at the limit of tolerance is 4.5 dS/m. Meanwhile Panicum 

virgatum can tolerate much higher levels of salinity (Tober et al. 2007), which likely lead to 

having higher cover levels in 2019. For detention basins with salinity conditions, there may be a 

shorter list of species that can tolerate both salinity and flooding. These dynamics remain 

understudied in detention basins.  Thus, when planning plant species to use in detention basin 

flooding is just one factor to consider and other factors need to be investigated and considered.  

Seed Blanket 

The plots were covered with a seed blanket to promote environmental conditions 

conducive for the germination of the treatments and to deter erosion and limit animal 

disturbance. Erosion mats acting like seed blankets have been known to aid restoration of 

vegetation in pipeline projects (Hann & Morgan 2006). The seed blankets by the end of the 

second growing year (2017) did show some increase in Planted cover; however, by the fourth 

growing season the seed blanket had little effect on the plant community or the planted species. 

It is apparent the detention basin conditions are the main factor affecting plants and the seed 

blanket, as least in this instance, made little difference.  

Future Considerations 

The spike seeding method was included in this project to determine if adding a high 

density of forb seed would increase the establishment of forbs as found by Comeau et al. (2020). 



 

87 

Unfortunately, due to flooding and salinity, the spike species were not able to establish by 2019. 

More research is needed to determine the effects of salinity and inundation/moisture tolerance on 

native plantings in detention basins. While salinity in the soils may be more specific to this study 

area, other basins may be affected by salinity from salt movement through the soil (Pitt et al. 

1999) or brought in by road salts common in climates receiving snow and ice treatments 

(Marsalek 2003; Copper et at. 2013). Green infrastructure dealing with issues of inundation are 

common to all detention basins worldwide. The presence of salinity combined with flooding 

creates a site that has several stressful factors for many native and introduced plants. Further 

understanding on how each condition impacts native plant species would allow designers 

worldwide to plan and manage their restoration projects accordingly.  

Conclusion 

This study determined that native plantings within detention basins come with challenges 

atypical to traditional restorations. Flooding during the germination and establishment phase 

negatively affected the long-term persistence of native prairie plantings. Many of the native 

species used in the treatments, even though planted at high densities, failed to persist or were at 

levels below 4% cover. The use of a spike seeding to decrease introduced species establishment 

and increase floral resources did not result in those effects four growing seasons later. The pre-

planting vegetation that existed at the site was already adapted to the detention basin flooding 

and dry periods, and was found to be the species best able to survive and thrive in the basin. 

These species reclaimed the plots where the native species were planted after four growing 

seasons. While attempts to restore urban ecosystems may have public support and funding, this 

study demonstrates that adding new species to detention basins may come with limited success. 

This research is valuable to urban planners as they will need to carefully determine seed mixtures 
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based on survival of those species in the unique conditions of detention basins, and not rely on 

previous experiences with native species outside of detention basins.  
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CHAPTER 4: VERTICAL WATER QUALITY 

Introduction 

Urban stormwater detention basins have historically been designed to control large urban 

stormwater events to reduce flooding and damage to infrastructure (Zubair et al. 2010). A typical 

basin design provides an impoundment area to store water from rainfall and then meter it out 

slowly into a receiving body of water (Line & White 2007; Collintine & Futter 2018). Growth in 

urbanization over time has negatively impacted local aquatic environments by impacting water 

quality system-wide (Li et al. 2017). Water quality during a rainfall event differs in time as water 

enters a basin (Macarthy 2009). It is important to assess the water quality as it fills detentions 

basins in order to determine the best mitigation strategies. Finding a cost-effective means to 

sample water quality will help to mitigate the anthropogenic impacts of urban development.   

 The expansion of urban areas notably degrades ecosystems by increasing peak flow rates 

(Niemczynowicz 1999; Paul & Meyer 2001; Walsh et al. 2005; Strecker et al. 2001; Booth & 

Konrad 2005), reducing the natural water table through hydraulic change (Walsh et al. 2005), 

changing water chemistry (Walsh 2016; Miller & Hutchens 2017), increasing sediment levels 

(Paule-Mercado et al. 2017), and increasing pollutant loads (Walsh et al. 2005; Le et al. 2017). 

Due to urban water quality concerns, stormwater runoff is increasingly being used for green 

infrastructure systems (Line & White 2007; Miller & Hutchens 2017; Le et al. 2017) and 

increasing the effectiveness of detention basins to improve stormwater quality has been explored 

(Booth & Jackson 1997; Marsalek 2005; Wengne et al. 2009; Gaborit et al. 2013; Kerkez et al. 

2016).  

Runoff traveling over impervious surfaces picks up sediment, chemicals, solid waste, and 

metals (Guo et al. 2011). Research shows these are often picked up in stormwater early in a rain 
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event, commonly referred to as the first flush phenomenon (Macarthy 2009). The first flush 

phenomenon brings in high concentrations of pollutants into detention basins before peak flow is 

reached (Deletic 1998; Lee et al. 2002; Goonetillekea et al. 2005; Allen et al. 2017).  

First flush and stormwater research has demonstrated that detention basins can contain 

elevated levels of fecal coliforms, heavy metals, total suspended solids and sodium (Taylor et al. 

2005; Hettiarchchi et al. 2011; Vitro et al. 2017; Mangani et al. 2005. Olsen et al. (2022) found 

that the first flush of urban catchments contains elevated levels of organic and inorganic 

pollutants. While Chow et al. (2011) found that urban catchment areas in Malaysia demonstrated 

elevated site mean concentrations for Total Suspended Solids (TSS). It has been noted that 

settling velocity and duration of stormwater detention affect the removal rate of pollutants 

related to total suspended and dissolved solids (Akan 2009). It has also been documented that to 

generate removal efficiencies of 60%, detention times need to be at least 24 hours (Shammaa et 

al. 2002). The increase of particulate or dissolved pollutant material, as it relates to concentration 

during a precipitation event, may change during basin inundation phases (Bertrand-Krajewski et 

al. 1998). However, the research that has been conducted on stormwater in urban detention 

basins has been conducted at only one site (Taylor et al. 2005), during one event (Taylor et al. 

2005), only looking at the first flush (Shammaa et al. 2002), or in general at one point and time 

during a storm event (Shammaa et al. 2002). Knowledge is needed to determine what happens to 

water quality after the first flush, but while the water is detained in the basin. Water quality 

studies in regards to first flush dynamics will help water managers inventory the detrimental 

constituents however more knowledge is needed regarding what is coming into the system 

during an actual event as the water rises by assessing the analytes within the water column.   
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This study investigated the dynamics of water quality during storm events at detention 

basins as they relate to initial filling of the basin (first flush), peak volume (highest level of water 

in the basin during event), and outfall of stormwater (last water to drain from the basin). More 

effective methods for water managers are needed to determine the levels of constituents that 

enter detention basins during inundation events. These methods would be more useful if they 

could be deployed by municipal workers and water system managers using low-tech devices that 

could cover more sampling locations. This method differs from current technology in that it tests 

a simple and cost-effective solution. Automatic samplers have been the standard for urban water 

quality sampling (Appel & Hudak 2001), however they are expensive and require a power source 

so cannot be used in all areas. What is new about the system described in this project is that it 

solves the challenge of testing multiple sites with multiple collectors thus allowing more data to 

be collected in a catchment area in a low-cost way.    

This research aims to determine if detention basins have different water quality 

concentrations within the vertical water strata at different times during storm events. 

Specifically, the objectives of this study are to: 1) design and discuss a verified method to assess 

vertical water quality in detention basins during storm events as water enters, peaks, and leaves 

the basin; and 2) assess the changes in water quality that flows into and out of the system 

throughout a storm event and detention of runoff water. Information from this project can 

provide insight for researchers and water managers on how to sample vertical water quality and 

the potential of designing basins to improve water quality. 
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Methods 

Study Area 

This study was conducted at three stormwater detention basins within Fargo, North 

Dakota, USA (Figure 4.1), including the: 1) Fisheye Basin (Fisheye) located at 46° 52' 02.16" N 

96° 51' 24.40" W; 2) Scheels Basin (Scheels) located at 46° 51' 29.69" N 96° 51' 56.90" W, and 

3) The World Common Garden Basin known as The Fargo Project (TFP) located at 46° 51' 

10.10" N 96° 51' 10.10" W. The basins were chosen because of their similarities in regard to 

size, geographic proximity, topography, and surrounding land use, see Table 4.1 for basin 

attributes. The sampling was designed to be indicative of a typical urban detention basin 

surrounded by residential land zoning. One key difference between the detention basins was the 

greening of TFP site while the other basins did not have the same greening. The Fargo Project is 

a municipally organized endeavor that sought to create green infrastructure within a detention 

basin that responded to the communities needs for recreation. The greening of TFP stormwater 

detention basin included removing the concrete channel and having a naturalized channel 

develop with riparian vegetation, and to stop mowing the basin in conjunction with planting 

native vegetation. The planners of TFP were also interested in seeing if the greening of the basin 

can serve dual purposes of capturing water and removing potential pollutants in the stormwater, 

mitigating downstream water quality impacts, which has been shown in some research 

(Goonetillekea et al. 2004).  
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Figure 4.1. Map of North Dakota showing Cass County, where the city of Fargo is located, in the 

black shaded area. Sample locations are depicted by red dots on aerial photo of Fargo, with 

expansion to detention basins aerial photos: A) Fisheye; B) Scheels; and C) The Fargo Project.  

 

Within the three basins, stormwater runoff is collected and metered out over a period of 

12-36 hours depending on the severity and duration of the storm, as well as stormwater volume. 

The stormwater from the detention basins, along with all the constituents picked up in the 

stormwater, is then released into the greater watershed of the Red River of the north. All three 

catchment areas eventually deposit water into the Red River. 
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Table 4.1. Detention basin size (surface area), depth (deepest part of the basin from the top of the 

highest pool level), catchment size, and catchment impervious cover percent.  

Basin name Size m2 Depth m Catchment ha Impervious % 

The Fargo Project 40,873.5 2.4 162.5 42.3 

Scheels 9,797.1 1.9 16.3 23.1 

Fisheye 13,280.3 2.3 138.7 49.2 

 

 

A unique aspect of the sites is they exist in a region affected by salinity issues in the soils 

(Ulmer et al 2007; Lobell et al. 2010; Shermer et al 2012). Salinity can be an issue when building 

detention basins because digging into salt-bearing formations the groundwater can also be saline.  

Sites in the region have shown impacts from salinity which occurs due to fluctuating water 

tables, capillary rise, hygroscopic water pressure, discharge soils, saline seeps, evaporating ponds 

(Shermer et al 2012; McCauley & Jones 2005; Tober et al., 2007; Jacoby et al. 2011). These 

increased levels of salinity in the region can impact water quality (Peel et al. 2004; Shermer et al 

2012; Matthees et al. 2018). 

Climate  

The study area is located on the eastern edge of North Dakota.  This area receives annual 

precipitation ranging from 35.6 to 55.9 cm (NOAA 2018). The growing season, April to 

September, accounts for approximately 75% of the total annual precipitation (NOAA 2018). 

Nominal rainfall takes place during the winter months, and precipitation during this time 

typically comes as snow. The annual snowfall average for the state ranges from 63.5cm to 114.2 

cm (NOAA 2018). There is no dominant rain pattern for the area, in terms of regular type, 

occurrence, and amount of precipitation. However, the majority of rainfall that does occur, 

comes in the form of thunderstorms. These events take place statewide 25 to 35 days per year 

(NOAA 2018). 
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To determine the long-term hydrologic impact of precipitation on groundwater at the site, 

the Palmer Drought Severity Index (PDSI) was utilized. The PDSI determines departure from 

normal in surface water as it relates to long-term climate data. The index ranges from -10 to +10, 

with negative numbers being indicative of dry regimes, and progressing to positive numbers 

which indicate increasing moisture (Dai 2011). The local PDSI for the study area exhibited 

mostly positive numbers showing readings consistent with higher levels of moisture in surface 

water and groundwater in both sampling seasons (Figure 4.2). The higher PDSI numbers show 

moisture that is above average level during July and September of 2016 and June of 2017.  

 

 
Figure 4.2. Palmer Severity Drought Index January 2015 to December 2017. Periods with 

asterisks represent the three storm events sampled.  

 

 

Vertical Water Sampling System 

A passive vertical water quality system was designed to sample water as it entered, 

moved through, and drained from the system during major storm events. Sampling was 

conducted whenever there was 2.54 cm or more of rain within a one-hour period. This accounted 
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for two events during the summer of 2016 and one event in 2017 (Table 4.2) Water quality 

samples were taken as the water entered the basin and increased vertically (initial sample), at the 

maximum point (peak sample), and then as it decreased vertically (outfall sample).  

Table 4.2. Dates and amounts of precipitation events that were sampled during the study 

including the day before and after the event. 

 

 

 

 

 

 

 

 

 

 

 

Due to water entering the basins very rapidly, it is difficult to obtain grab samples of all 

stages needed for sampling. For example, from the time a large rain would slow down or end, it 

would take approximately one hour before the basins would go from dry to 1.5m of water; while 

that same water may take up to 24hrs or more to recede from the basin.  This quick inundation 

with water made sampling with automatic samplers not ideal in programming difficulties as well 

as protecting electronic equipment from inundation. Additionally, having people at the site 

would be considered dangerous as storms in the area are typically accompanied by thunderstorm 

warnings, with significant lightening and wind, and occasionally tornado warnings. Therefore, to 

sample water at different stages entering the basin, researchers developed a passive sampling 

Date Precipitation (CM) 

July 8, 2016 0.3 

July 9, 2016 36.6 

July 10, 2016 1.3 

September 6, 2016 0.00 

September 7, 2016 44.7 

September 8, 2016 0.00 

June 12, 2017 0.00 

June 13, 2017 34.5 

June 14, 2017 0.00 
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mechanism to collect water at different heights (Figure 4.3). Large buckets (18.92 liters) were 

attached to steel t-posts at the deepest part of each basin, but not in the basin channel or edge of 

the channel. The buckets measured 30.25 cm in diameter on top, 36.83 cm in height, and 26.23 

cm in diameter on the bottom. Threaded PVC attached the buckets to the posts. A series of 1.27 

cm holes were drilled in a level line just under the lip of the bucket to allow stormwater to 

infiltrate the bucket once a specific height was reached. The holes of the bucket (on top of the t-

post) were set at exactly .61 m, .91 m, 1.21 m, and 1.52 m off the ground. The bucket for .30 m 

was buried partially into the ground for stability, and to ensure holes were set at the correct 

height. A tight-fitting bucket lid was then attached and was not removed until after sampling. 

Buckets were placed at correct heights and locations before storm events. As the water rose 

within the basins, water would fill into the bucket at the exact height needed for the water 

sample.  Once filled, the water in the bucket would essentially serve as a seal to not allow 

additional water to enter the bucket or mixing of the water in the bucket. This allowed 

researchers to sample water at desired heights, and the highest bucket to fill was considered the 

peak sample. Additionally, as the water receded from the basin it did not mix within the buckets, 

and researchers could wait until a time and depth that was safe to enter the basin to retrieve the 

buckets, while allowing the water to remain in an environment that would not cause changes to 

constituents (beyond dissolved oxygen) and maintain normal biological activity.  As the water 

receded from the basin, grab samples were taken at each of the same heights as the buckets. 

Because the water in detention basins recedes at a slower rate and dangerous weather has passed, 

the ability to schedule personnel for grab samples is much easier and there is time to move 

among the different basins. The draining or outfall samples were collected at the outlet for each 

basin.  
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Figure 4.3. Vertical water quality sampling design. Each rectangle represents an 18.29-liter 

bucket (5 gallons) with a lid on top, with dots representing the fill line height for the bucket.   

 

 

Sample Analysis 

Once removed from the basin, sample buckets were immediately mixed using a SP Bell-

Art churn splitter (Bel-Art - SP Scienceware Wayne, NJ, USA) 4 liter to resuspend particulates 

and take a standard sample of the bucket water.  All samples were processed and preserved 

according to North Dakota Department of Environmental Quality (NDDEQ 2014) and sent to the 

NDDEQ Lab in Bismarck, North Dakota, USA to analyze for TSS, total dissolved solids (TDS), 

nutrients complete (Total Kjeldahl Nitrogen (TKN), NO2, NO3, NH3, NH4, and P), Escherichia 

coli (E. coli), 15 general chemistry parameters, eight nutrient analytes, 15 trace elements, oil and 
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grease, and diesel range organics. Not all analytes were chosen to report on as the levels did not 

exceed levels that would warrant interpretation. Parameters and detection limits can be found in 

Appendix D. The 15 trace elements were analyzed using aqua regia digestion and inductively 

coupled plasma-mass spectrometry (ICPMS) or inductively coupled plasma-atomic emission 

spectrometry depending on laboratory protocol (NDDEQ Laboratory), respectively. Additional 

samples for diesel range organics (DRO) were taken at one storm event each summer at 0.30 m 

entering the basin, the maximum height of the water, and 0.30 m receding from the site. The 

DRO samples are expensive and labor-intensive for the laboratory to process; therefore, only 

limited samples were taken. Additional onsite measurements were taken with a Yellow Spring 

Instrument Co. YSI model 650 MDS data logger combined with a model 600 QS Sonde (YSI 

Incorporated Yellow Springs, OH, USA) to measure temperature, electrical conductivity, pH, 

and dissolved oxygen, though dissolved oxygen samples were assumed to be incorrect do to 

mixing with churn splitter. E Coli samples were cooled on ice and transported to the NDDEQ’s 

lab. The NDDEQ E. coli analysis used the Colilert-18/Quanti-Tray/2000 to quantify E. coli 

(Idexx Laboratories, Inc., Westbrook, Maine). The quantification method is based on the “most 

probable number” methodology. The results are reported in colony-forming units (CFU)/100 

mL. Samples were diluted if the upper detection limit was reached and rerun to determine 

CFU/100 mL after that if CFU reached the upper limit of 16,000 CFU at which time 16,000 

CFU/100 mL was reported, but actual CFU could be much higher.  

Statistical Analysis 

A general linear model ANOVA was used to determine if there were significant 

differences in water quality parameters measured. We tested selected analytes for these three 

factors: 1) events (July 2016, September 2016, and June 2017); 2) stages - initial filling of the 
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basin (Initial), peak for each event (Peak), and outfall (Outfall) or last sample before the basin 

drained; and 3) site (Fisheye, Scheels, TFP). The analysis design was a complete randomized 

block design, with the site as the block and events and stage as fixed factors. The analysis used 

PROC GLM in the SAS® software, Version 9.4 of the SAS System for Windows (Copyright © 

2015 SAS Institute Inc. SAS and all other SAS Institute Inc. product or service names are 

registered trademarks or trademarks of SAS Institute Inc., Cary, NC, USA) and the Tukey 

adjustment was used for multiple comparisons among the three factors.  

Results and Discussion 

Passive Vertical Water Quality Sampling System 

The passive vertical water quality sampling system performed well as designed. The 

system was able to provide water samples at different stages. Having a series of buckets at 

different heights meant that the peak of the water for an event was collected even if the 

precipitation events varied over time and among basins. This system would benefit agencies that 

have limited man power or are constrained from purchasing automatic samplers. This water 

collection system provided a solution to collecting water at different vertical heights as it quickly 

enters a basin, but there were some drawbacks. Because the samples sat until levels within the 

basin allowed water retrieval from the buckets the samples were not immediately cooled or 

chemically stabilized. The cooling and stabilization is important to accurately measure 

constituents (S·liwka-Kaszyńska et al. 2003). Researchers suggest that the samples be collected 

as soon as safe to prevent sample degradation. The amount of time that samples sat depended on 

total precipitation and volume of water that entered the basin. The location of this sampling 

method proved beneficial in this research in that collection could take place in lowest elevations 

where inundation takes place first. Having a person taking grab samples from the outer perimeter 
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of a rising basin would be time consuming and not provide accurate reading of various water 

column depths.  For deep basins, the use of watercraft could decrease the time that samples sat 

rather than waiting until one could access the buckets using waders. Also, if the water receded 

quickly, it would increase the efficacy of this method. Whether shortening the time will increase 

the utility of samples requiring cooling and stabilization would need to be considered based on 

the individual needs of monitoring projects. However, this alternative is a viable solution to 

spread resources further in hopes of collecting a greater amount of data.     

Utilizing a passive system, such as described in this study, with materials easily 

purchased benefits water managers by mitigating costs and technical expertise associated with 

automated systems. While automated systems may be necessary to pinpoint analytes for sensitive 

systems and do have their uses in other water sampling situations, the passive system used here 

will have distinct advantages. One advantage is this is a low-cost effective method that can be 

done by almost all organizations. Another advantage is this is a simple method that utilizes the 

forces within the basin and does not require the training and maintenance often associated with 

complicated automated systems. With no complicated mechanical devices or power source 

needed, there is little that can go wrong, which is always beneficial in field sampling.  The 

biggest problem would typically be associated with buckets not being attached to the ground 

and/or t-posts correctly and the bucket floating rather than staying in place when water fills the 

basin. The passive vertical water testing system reduced vertical water sampling to a simple 

water collection and storage system that allows for precise vertical water collection in an 

uncomplicated and safe manner.  

Water quality data were collected for the three stages, initial, peak, and outfall, at each of 

the three sites to be used in comparative analysis. Water quality at different vertical elevations 
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between the three stages is not reported because the basins differed in the level of water collected 

at each basin and for each event which resulted in an inconsistent pattern of samples from the 

different water level heights to be used for comparison. However, the sampling design did prove 

to be a solid and consistent way to sample water at different heights as it enters the basin.  

The data from the detention basins were compared amongst known standards from within 

the state where the study took place, as well as the United States Environmental Protection 

Agency (EPA) standards, and federal standards for water quality. Similar to Niemczynowicz 

(1999), a select group of analytes were focused on due to their prior significance to urban 

stormwater quality and water quality-related problems downstream.  

Chloride and Sodium  

Sodium and chloride each had significant differences between storm events (P≤0.05) 

(Figures 4.4 and 4.5). However, among the stages, there were no significant difference (P≥0.05). 

The basin that exhibited the highest readings of sodium was the TFP (TFP 16.4, Fisheye 13.1, 

Scheels 9.8 mg/L), and this was significantly higher than the Scheels site (P≤0.01). Both TFP 

and Fisheye had significantly higher chloride levels compared to Scheels (P≤0.01) (TFP 15.9, 

Fisheye 16, Scheels 4 mg/L). The June 2017 event showed the highest levels of sodium and 

chloride. This may be due to the extended amount of time between flushes. Soils that readily 

release salts during leaching produce a salt buildup that can increase sodium concentrations 

(Shainberg et al. 1991; Warrence et al 2002).  There were no rain events before June 2017 of 

greater than 2.54 cm. Both sodium and chloride were below the standards for waters of the state 

(NDCC § 33-16-02); 250 mg/L for sodium and 100-250 mg/L (dependent on stream 

classification) for chloride. As both sodium and chloride levels throughout storm events were 
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below the state standard, it shows that they remain consistent even during the first flush and later 

waters, and these constituents overall would be of little concern.   

However, there were differences between storm events and sampling sites. There are two 

likely sources of sodium and chloride within the basins, stormwater runoff and the basin soils. 

Chloride and sodium need precipitation if they are to be transported by conventional urban 

drainage from basins to receiving waters (Marsalek 2003). With significant runoff volume, the 

resident sodium and chloride from salts on soil surfaces and winter road maintenance will be 

flushed with each rain event. If this is true, rain events that occur closer to the change from 

winter to spring will have higher amounts of sodium and chloride. Additionally, the amount of 

soil salt will depend on dry periods between precipitation that allow for salts to accumulate on 

the surface through evaporation of salt-laden soil and water interactions and runoff that does not 

infiltrate the ground but instead evaporates (Pitt et al. 1999, Hasanuzzaman et al. 2013). 

Unpublished soil sampling data from TFP found the basin soils have elevated sodium and 

chloride and would be categorized as salt-affected. Olson (2020) found both sodium and chloride 

to be present at high levels in groundwater at the TFP and Fisheye compared to other basins in 

the area. The Scheels basin is the shallowest basin and holds the least amount of water in terms 

of volume. Therefore, it is likely the Fisheye and TFP would be expected to have more surface 

salts when compared to the Scheels site, which is what the data showed.  
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Figure 4.4. Sodium concentrations at initial, peak and outfall stages across storm events. Legend 

items followed by different letters are significant P≤0.05.  Error bars show standard deviation. 

 

  
Figure 4.5. Chloride concentrations at initial, peak, and outfall stages across storm events. 

Legend items followed by different letters are significant P≤0.05. Error bars show standard 

deviation.   
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In general, municipalities can reduce sodium and chloride by utilizing best management 

practices, such as more environmentally friendly de-icers (Marsalek 2003) and planting of salt-

tolerant vegetative covers (Szota et al. 2015). However, in this study, since the soils are already 

salt-affected and salt is moving through groundwater the effectiveness of mitigation like this may 

be limited.  Seasonal inundation of water may have a beneficial effect in the basins by naturally 

flushing salinity from the basin soils (Smith 2009; Garcia et al. 2010). Research has shown that 

high levels of salinity affect detention basins by limiting the species growing within them (Peel 

et al. 2004; Shermer et al 2012; Matthees et al. 2018). Vegetation exposed to increased salt 

concentrations causes water stress, ion toxicity (Marsalek 2003), and nutrient imbalance (Van 

Meter et al. 2011). These conditions inhibit the physical growth and nutrient uptake of many 

native or introduced species that may be grown in a detention basin (Van Meter et al. 2011). The 

challenge for basins in the northern climates is transporting salt-concentrated storm water away 

from environmentally sensitive ecosystems to larger waterbodies where dilution can lessen the 

negative impacts of saline concentrated water (Kim & Jenkins 2006).  

Total Dissolved Solids  

Results of TDS showed significant differences in both stage and event (Figure 4.6). At 

TFP TDS was significantly higher than the Fisheye at 124 mg/L and 94 mg/L respectively 

(P≤0.05). The peak water reading showed the least amount of TDS. Researchers assume that 

dilution is responsible for less TDS in the water as the basin fills to its highest volume. The TDS 

values level off when a certain salinity level is reached, which is similar to results from Dahaan 

et al (2016). As Marsalek (2003) explains, the physical process of dilution caused by mixing and 

increased volume of stormwater may cause some analytes to demonstrate reduced 
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concentrations.  Dilution and chemistry dynamics are likely factors in results of the current study 

as well.  

 
Figure 4.6 Total dissolved solids initial, peak, and outfall stage across storm events averaged 

over the three sites. Letters on legend represent significant differences at the P≤0.05. Error bars 

show standard deviation. 

 

 

Total Suspended Solids  

The TSS analysis showed no significant differences between sites and events (P≥0.05). 

However, there were significant differences in stage (P≤0.05). The TSS readings were highest at 

the initial stage and then decreased with dilution and residency time (Figure 4.7). There appears 

to be settling of particles over time as the water remained in the detention basin. This is in line 

with other research regarding suspended solids, which also shows they can settle with residency 

time (Lee et al. 2014).  
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Figure 4.7. Total suspended solids at the initial, peak, and outfall stage showing storm events 

averaged over the three sites. Different letters represent significant differences at the P<0.05. 

Error bars show standard deviation. 

 

 

Increased levels of sediment have the ability to negatively impact receiving water bodies 

and harm aquatic ecosystems (Taylor & Owens 2009). Specifically, TSS has been shown to 

transport harmful pollutants, reduce light in aquatic systems, and build up in waterways (Duncan 

1999; Taylor & Owens 2009). Research has also shown that determining factors for TSS include 

the size of the catchment, surrounding land use, and individual infrastructure components 

(McCarthy et al. 2012). Another important factor, detention time, can influence the settling of 

TSS (Shammaa et al. 2002). Previous retrofits have demonstrated substantial pollutant removal 

efficiency for TSS achieving up to 90% when outlet structures were installed to increase 

detention times (Carpenter et al 2014). A general detention time of 24 hours is considered 

enough to generate removal efficiencies of 60% (Shammaa et al. 2002). This is important when 
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volumes of water during inundation and thus uniquely dilute pollution concentrations with each 

rain event entering the hydraulic system (Kozak et al. 2019). Monitoring would determine if the 

added loads rise to a level of concern (Kozak et al. 2019). The fact that the basins in this study 

showed significant levels of reduction from the first flush to the outfall during storm events is 

useful in developing solutions to reduce TSS through detention basin design and hydrological 

planning. Forebays, sluice gates, and outlet design has been shown to reduce sediment flow 

within basin systems (McNett & Hunt 2010; Pan et al. 2010; Carpenter et al. 2014). Treating the 

stormwater with a forebay can reduce sediment prior to moving into the basin (Carpenter et al. 

2014). The reduction of pollutants using forebays closest to point or non-point source pollution 

can have positive system impacts such as increased survivability of aquatic habitat (McNett & 

Hunt 2010), a broader range of vegetation survivability (Karathanasis et al. 2003), and increased 

soil health (Karathanasis et al. 2003; McNett & Hunt 2010; Carpenter et al. 2014). Municipal 

leaders and design professionals may want to consider outlet structure retrofits that can reduce 

draw downtimes to increase sediment removal in the water, as well as to conduct pollutant load 

monitoring and forebay retrofits to reduce sediment-loaded water before entering the basin. 

E. Coli 

All E. coli samples taken during the study were compared to the state recreational 

standards (NDCC § 33-16-02). Recreational standard states that surface water quality standards 

for E. coli are not to exceed 126 coliform forming units (CFU)/100 mL and this covers boating, 

swimming, fishing, and any other water recreational uses. Even though detention basins are not 

often thought of as recreational spaces, this is an area that has been retrofitted use by humans and 

therefore the recreation standard was applicable, similar to Olson et al. (2022). 
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Throughout the study, all E. coli samples taken failed to fall below the recreational 

standard of 126 CFU/100 mL. The September 2016 event had E. coli levels that were 

significantly higher than the other two events (P≤0.05) (Figure 4.8). Neither the sites nor stages 

were significantly different (P≥0.05). During the September 2016 event, all but one sample was 

at the detention limit of 16,000 CFU/100 mL, the highest value that could be measured. 

Researchers assume that elevated readings during the September 2016 precipitation event were 

due to the build-up of surface E. coli due to the later seasonal event time and greater amounts of 

precipitation entering the basin from the first flush (Olson et al. 2022).  The September storm 

event differed in that the PSDI level was +2.75 in September and was near -1 in June, which 

shows a dry early summer changing to a wet period in September (Figure 4.2). Greater moisture 

amounts are indicative of the proliferation of bacteria (Hathaway et al. 2010; McCarthy et al 

2012).  July of 2016 and June of 2017 also had readings that were reported at the maximum level 

of 16,000 CFU/100 mL, but none of those measurements went below the NDCC recreational 

standard.  

The late-season elevated readings exceeding the ability to detect may be due to sediment 

and waste build-up, which E. coli attaches to, which make their way into the detention basins 

with the initial stormwater pulse (Taylor et al. 2005; Hettiarchchi et al. 2011; Vitro et al. 2017). 

While elevated levels of bacteria in the form of fecal coliform have been known to enter 

detention basins from stormwater (Chen & Chang 2014), research has also found that soils 

contain naturally existing amounts of E. coli (Brennan et al. 2010). Olson et al. (2022) found that 

E. coli was present in both the groundwater and surface water for basins in the area and it was 

ubiquitous within the groundwater and likely residential.  
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Data from the present study suggests that elevated levels of E. coli persist throughout an 

event. The lack of declining E. coli levels after the first flush contrasts what other researchers 

have found. Krometis et al. 2007 found declining microbial concentrations at the end of storm 

events during a study of storm flows in streams in North Carolina, USA. Research has also 

shown the reduction of microbes is not present in urban area runoff stormwater, prior to entering 

the water system (MCCarthy, 2009; He et al., 2010; Hathaway & Hunt, 2011).  

 

 
Figure 4.8. E. coli levels at the initial, peak, and outfall stage showing storm events averaged 

over the three sites. Different letters represent significant differences at the P<0.05. Error bars 

show standard deviation. 

 

 

E. coli is an important factor when determining the safety of a recreational area. The 

detention basins in this study are being considered for use beyond the function of controlling 

stormwater runoff. These underutilized lands can serve as a recreational component of larger 

green networks and thus would have human contact. It is, for this reason, that bacteria levels 
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should be monitored and problems mitigated to ensure safe interactions with municipal residents. 

Research on Microbial Source Tracking (MST) can provide insight into the biological source of 

E. coli (Jardè et al. 2018, Olson et al. 2022). Genetic source tracking can aid municipalities in 

mitigating harmful bacteria inputs resulting from human, dog, bird, or bovine sources (Devane et 

al. 2019).  

Total Nitrogen  

Total nitrogen (TN) readings of all samples were never recorded above the state standard 

of 5 mg/L (NDCC 2022), although there were significant differences in the stormwater events 

(P≤0.05). September of 2016 had significantly lower N levels than the other two events (Figure 

4.9). This could be due to the fact that it was the second major storm event of the year. Typically, 

N is fixed in terrestrial vegetation during the late summer months. Vegetation and other 

organisms have tied up available N, therefore there is little to move with stormwater until 

seasonally available during the decomposition phase (Robertson et al. 1999).  Thus, it is possible, 

surface N had already run off the landscape in the July 2016 storm event. Higher N levels have 

also been associated with high street tree canopy cover and intensive landscape maintenance 

(Janke et al. 2017). Neither of these characteristics is prevalent in the catchment areas, so likely 

not an issue for the current project. Another potential factor dictating the low presence of TN is 

the lack of agricultural land use in the catchment area, which has been found to be problematic in 

other areas (Goonetilleke 2004). The N can enter urban water systems by natural means, 

anthropogenic impact, and biogenic material (Yang & Lusk 2018). With surrounding land use 

playing such a large factor in N deposition, it is safe to say, in the current project, that the basins 

were not impacted by large contributing factors. However, it should be mentioned that it does not 
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appear that the basins themselves are removing N from the water, as the N levels throughout 

events was fairly steady.   

 
Figure 4.9. Total Nitrogen initial, peak, and outfall stage showing storm events averaged over the 

three sites. Different letters represent significant differences at the P<0.05. Error bars show 

standard deviation. 

 

Phosphorus 

Phosphorus (P) readings for the surface samples were never recorded above state 

standard of 2 mg/L (NDCC  2022) (Figure 4.10). Even though the P readings in stormwater were 

low, there were significant differences among the stormwater events and stages (P≤0.05). 

Measurements of P were greatest during the initial flush of water. Once basins reached their 

peak, these numbers decreased and remained relatively constant through to the outfall. The P 

readings for the first event in July 2016 were significantly higher than the second event of 2016 

(September). This could be due to soils fixing P throughout the season or decreasing P levels on 

the landscape. Due to land use within the catchment areas, authors believe P levels will remain 
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low during the season in urban areas with commercial and multi-family use. As vegetation 

matures and tree canopies drop their leaves, the levels of P may increase due to the larger 

quantities of biomass leaching and from litterfall (Janke et al. 2017). If needed, landscape 

maintenance strategies could be considered to limit levels of P entering the watershed (Rodak et 

al. 2019). With first flush levels having the highest P, it may be advisable to limit P use for 

landscape maintenance within the catchment area, especially in the fall. Keeping in mind that P 

in urban areas should be managed from a source perspective, as well as considering natural and 

anthropogenic sources of P (Yang & Lusk 2018).    

  
Figure 4.10. Phosphorus initial, peak, and outfall stage showing storm events averaged over the 

three sites. Different letters represent significant differences at the P<0.05. Error bars show 

standard deviation. 
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significantly lower when compared to the September 2016 event (P<0.05). At TFP and Scheel’s 

basins, each recorded level was higher than 15 mg/L during peak and outfall events, while the 

Fisheye was below for the September 2016 event. Neither sites nor stages were significantly 

different for oil and grease levels.  Oil and grease enter detention basins and the aquatic network 

primarily through crankcases of automobiles (Stenstrom et al. 1984; Chow & Yusop 2016). 

Levels of oil and grease from industrial areas and parking lots have been shown to be higher by 

nearly three times that of residential areas (Stenstrom et al. 1984; Munzie et al. 2002). Highways 

and commercial areas are also places have been shown to have significantly higher quantities of 

oil and grease (Chow & Yusop 2016).  

 

  
Figure 4.11. Oil and grease initial, peak, and outfall stage showing storm events averaged over 

the three sites. Different letters represent significant differences at the P<0.05. Error bars show 

standard deviation. 
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There is little that can be done to limit automobile use in the catchments of the basins 

studied. However, it has been shown that adding a thin layer of mulch (roughly 3 cm) to a 

detention basin can effectively remove or decrease levels of oil and grease (Hong et al. 2006). 

While it may not be feasible to mulch all urban detention basis, there may be opportunities to 

treat point source inlets with materials to promote sorption and bioremediation (Hong et al. 2006; 

Muerdter et al. 2018) These practices are worth further investigation for municipal stormwater 

treatment in sites that exhibit high levels of oil and grease. 

Diesel Range Organics 

The DRO levels showed no significant differences among sites or stages (P≥ 0.05) 

(Figure 4.12). However, the June 2017 event was significantly higher than the July 2016 event 

(P<0.05). The DRO difference among events is likely a by-product of road and vehicle use in the 

catchment.  Contamination through DRO usually occurs due to: naturally occurring organic 

compounds; oil activity including drilling muds, flowback, or produced fluids; or general leaking 

of oil and gas waste, which are all associated with oil activity (Balseiro-Romero et al. 2016). In 

the current project, there is no oil activity, therefore all DRO would be associated with roads and 

automobile travel.  The build-up of DRO over time likely was a factor for the June 2017 event, 

as there was no major flush prior to the event. Intense precipitation events cause the flushing of 

water from catchment areas aiding the flushing of DRO and isolated hydrocarbon supplies (Bach 

et al. 2010). These events may remove contaminants from the land surfaces and transport 

contaminated runoff to downstream water bodies (Bach et al. 2010). Further testing of 

stormwater during an increased duration of time, without precipitation, would help to determine 

if levels can increase high enough to warrant mitigation.   
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Figure 4.12. Diesel Range Organics initial, peak, and outfall stage showing storm events 

averaged over the three sites. Different letters represent significant differences at the P<0.05 
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Therefore, in this research the first flush may not be a reliable mechanism to judge water quality 

coming from detention basins.  

Did the Greening of the TFP Basin Make a Difference in Water Quality? 

There was hope that removing the concrete channel at TFP basin and completing a native 

vegetation retrofit would improve water quality as it flows within the basin. Data shows that this 

was not the case. The constituents measured showed some significant differences when 

comparing stages and events but did not exhibit significant differences when comparing the site 

with the native vegetation retrofit compared to the existing detention basins. While there are 

some aesthetically beneficial impacts to removing an existing concrete channel and restoring 

vegetation, the practice should not be considered one for water quality improvement.  

Researchers believe that impoundment times and settlement durations caused much of the 

differences in water quality, while vegetation had little impact on the runoff of the impounded 

water. If phytoremediation was a goal of a detention basin, then detention times would need to be 

metered by outlet design.   

 Conclusions  

This study analyzed the vertical water column of detention basins as water entered, 

peaked, and exited the basins. Many pollutant constituents’ authors hypothesized would be high 

before the study, including N, DRO, P, oil, and grease did not present at high levels during storm 

events. This was unexpected, as many other urban water quality studies and first flush research 

have shown high levels of these constituents. Readings of TSS, which is a major contributor to 

the conveyance of pollutants, exhibited significant levels of reduction from the first flush to the 

outfall during storm events.  This shows that detaining water from urban catchments for longer 

periods of time has the ability to reduce sediment, nutrients, and other pollutants before they 
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enter downstream ecosystems. This research has expanded what is known about early 

concentrated runoff by demonstrating that impounding of stormwater in urban areas has an 

inverse relationship with TSS, meaning the longer time water is impounded, TSS in the water is 

decreased. Further studies are needed to determine the ideal residency time for settling based on 

the size of the basin and constituent removal needs.  

E. coli was high in all samples during all phases of the storm events and at all sites. All 

sample levels for E. coli taken during the study exceeded recreational standards.  These levels of 

E. coli are concerning as the detention basins are part of a multi-use green infrastructure 

network. If water managers hope to use detention basins while dry for urban recreational areas 

more research is needed to determine safety and potential mitigation. These high levels of 

bacteria should be studied further to determine its source and most effective means of mitigation.  

Using the vertical water quality collection system utilized in this study, researchers and 

water managers can perform simple and inexpensive water sampling. Researchers in the current 

study chose to utilize five different heights for water sampling.  However, future research could 

add more sampling heights or less depending on research needs.  The vertical water quality 

sampling system is simple and versatile and could be utilized in most areas in the world with 

commonly found items.   

The results of the current study varied from other first flush studies of detention basins as 

many constituents remained fairly steady through inflow of water, peak, and receding of storm 

water. Therefore, within given systems and across storm events it is important to recognize that 

the first flush may carry the highest level of bacteria, pollutants, and nutrients; however, in other 

systems this may not apply.  Depending on project needs and use within the basin, it will be 

important for researchers and managers to assess over entire storm events to meet project goals. 
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As the urban populations continue to grow worldwide, it will only become more important to 

address water quality issues in urban catchment areas to ensure healthy ecosystems and safe use 

for humans. 
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APPENDIX A: STAKEHOLDER PARTICIPATION SURVEY 

1. Identify the stakeholder group or category that you most strongly identify yourself with 

as most involved in The Fargo Project (TFP) (Identify only one). If you take part in TFP 

for work please identify primarily with that group. 

 

______Designer     ______Education 

______Engineer     ______User of site  

______ Communication               ______Stormwater function 

______Artist      ______Community organizer 

______Researcher     ______Non-profit- natural resource 

______Non-profit social benefits   ______Resident  

______Cultural identity group   ______Community volunteer 

______Public or government agency   ______Contractor or technical expertise 

______Gardener     ______Funder 

______ Non-profit arts 

 

2. On average how often have you worked on TFP (identify only one). 

______One time     ______Annually 

______Monthly     ______Weekly  

 

3. What areas of knowledge have you contributed to the project? (Mark as many as apply) 

______Communication               _____ Art 

______Native plantings    _____ Landscape Design    

______Soil      _____ Fundraising 

______Gardening     _____ Community Development 

______Water flow     _____ Grant Writing 

______Water Quality     _____ Budgetary work 
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______Human Dynamics    _____ Environmental outreach 

______Cultural Knowledge    _____ Public Art 

______Project Design     _____ Sustainable Development 

______Project Management    _____ Permitting 

______Planning     _____ Marketing 

 

4. What areas of knowledge could you have contributed the project? (Mark as many as 

apply; same as last question but asking what additional knowledge you could provide) 

 

______Communication               _____ Art 

______Native plantings    _____ Landscape Design   

______Soil      _____ Fundraising 

______Gardening     _____ Community Development 

______Water flow     _____ Grant Writing 

______Water Quality     _____ Budgetary work 

______Human Dynamics    _____ Environmental outreach 

______Cultural Knowledge    _____ Public Art 

______Project Design     _____ Sustainable Development 

______Project Management    _____ Permitting 

______Planning     _____ Marketing 

 

5. Please rank these potential successes at TFP in order of importance. (Rank 1-6; 1 being 

most important). 

 

Water and Nature 

_____ Cleaning storm water    _____Visible native plantings 

_____A functional stormwater basin   _____ A natural space 

_____ Visible wildlife    _____ A place to connect with nature 
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6. Please rank these potential successes at TFP in order of importance. (Rank 1-6; 1 being 

most important). 

 

Successful Design 

_____ More people visiting the site 

_____ More programs/activities at the site 

_____ A useful recreational space 

_____ Recognition of project site or name 

_____ Gathering space 

_____Human connections inspired by artists 

 

7. Please rank these potential successes at TFP in order of importance. (Rank 1-6; 1 being 

most important). 

 

Project Goals 

_____ Space for gardening 

_____ A site that reflects cultural values 

_____ A site that contains art 

_____A natural space to passively recreate (walking, enjoying scenery) 

_____A safe outdoor space to spend time 

_____A place to learn about North Dakota ecology 

 

8. Please rank these overall categories in order of importance (based on question categories 

above). (Rank 1-3; 1 being most important). 

 

______Project Goals 

______Successful Design 

______Water and Nature 
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Questions 9-14: Knowledge applied to the project. 

1 2 3 4 5  

Strongly 

Disagree 

Disagree Neither Agree 

nor Disagree 

Agree Strongly  

Agree 

 

      

______9. Your knowledge aided in the overall design of the project. 

______10. Your knowledge aided in the overall implementation of the project. 

______11. Your stakeholder group was able to bring knowledge to the table. 

______12. There were knowledge gaps among groups involved in the project. 

______13. There were knowledge overlaps between groups involved in the project. 

______14. I am not aware how my knowledge was applied to the project. 

 

Questions 15-20: Stakeholder group participation. Please use stakeholder group you self-

identified in #1. 

1 2 3 4 5  

Strongly 

Disagree 

Disagree Neither Agree 

nor Disagree 

Agree Strongly  

Agree 

 

 

 

 

______15. Your identified stakeholder group is important to projects similar in nature or type to 

TFP 

______16. Your stakeholder group has completed its work.  

______17. Your stakeholder group would like to continue to work on TFP in the future. 

______18. You think your stakeholder group is important to TFP. 

______19. Your stakeholder group is continuing to work on the TFP. 

______20. The project could be completed without your stakeholder group. 
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Questions 21-31: Communication  

1 2 3 4 5 

Strongly 

Disagree 

Disagree Neither Agree 

nor Disagree 

Agree Strongly  

Agree 

 

______21. You would have liked to have more information on the project as a whole.  

______22. You have a clear understanding of the vision of TFP. 

______23. You have a clear understanding of your role on TFP. 

______24. You have a clear understanding of how your knowledge was used on TFP. 

______25. You found public events to be an effective form of communication.  

______26. You found email to be an effective form of communication.  

______27. You found partner/stakeholder meetings to be an effective form of communication.  

______28. You found word of mouth to be an effective form of communication. 

______29. You found the Sunday series (Summer of 2017) at the World Commons Garden to be 

an effective form of communication 

______30. You found the website (thefargoproject.com) to be an effective form of 

communication. 

______31. You found the World Common Gardens Facebook page to be an effective form of 

communication. 

 

Questions 32 – 40 Education about the project 

1 2 3 4 5 

Strongly 

Disagree 

Disagree Neither Agree 

nor Disagree 

Agree Strongly  

Agree 

 

_____32. You found Public Events to be an effective way to educate the public about TFP. 

______33. You found email to be an effective way to educate the public about TFP. 

______34. You found meetings to an effective way to educate the public about TFP. 

______35. You found design events such as the We Design Events to be an effective way to 

educate the public about TFP.           
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______36. You found word of mouth to be an effective way to educate the public about TFP. 

______37. You found the Sunday series (Summer of 2017) at the World Commons Garden to be 

an effective way to educate the public about TFP 

______38. You found signage at the site to be an effective way to educate the public about TFP. 

______39. You found the website (thefargoproject.com) to be an effective way to educate  the 

public about TFP. 

______40. You found the World Common Gardens Facebook page to be an effective way to 

educate the public about TFP. 

 

Questions 41 - 51: Perceptions of TFP 

1 2 3 4 5 

Strongly 

Disagree 

Disagree Neither Agree 

nor Disagree 

Agree Strongly  

Agree 

 

_____41. You viewed your experience working on TFP as a positive experience. 

_____42. You felt the collaboration methods (meetings, public events, and workshops) were 

positive. 

_____43. You felt that you were included in the collaboration process.  

_____44. You felt that you were valued in the collaboration process.  

_____45. Future projects similar in scope to TFP need to include your stakeholder groups 

knowledge. 

_____46. This project could be replicated without your stakeholder groups skill set. 

_____47. You would have liked to participate more in TFP. 

_____48. Your suggestions and ideas were reflected in the projects design. 

_____49. You would like to participate in similar projects of this nature. 

_____50. You would like to continue working on TFP indefinitely. 

_____51. You would like to continue to stay involved (communication updates, volunteering) on 

TFP after your stakeholder group has reached its goals. 
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Questions 52-60: Team or Partners (appropriate means from your perspective the 

necessary groups were included and no pertinent groups were left out) 

1 2 3 4 5 

Strongly 

Disagree 

Disagree Neither Agree 

nor Disagree 

Agree Strongly  

Agree 

 

_____52. The appropriate cultural disciplines were brought into the project. 

_____53. The appropriate social science disciplines were brought into the project. 

_____54. The appropriate arts disciplines were brought into the project. 

_____55. The appropriate engineering disciplines were brought into the project. 

_____56. The appropriate design disciplines were brought into the project. 

_____57. The appropriate scientific disciplines/principles were brought into TFP. 

 _____58. The appropriate communications disciplines were brought into the project. 

_____59. The appropriate management disciplines were brought into the project. 

_____60. The appropriate marketing disciplines were brought into the project. 

 

Questions 61 - 72: Design Goals and attainability 

1 2 3 4 5 

Strongly 

Disagree 

Disagree Neither Agree 

nor Disagree 

Agree Strongly  

Agree 

 

_____61. As a design goal “Let the water lead” is achievable. 

_____62 As a design goal “Let the water lead” has been achieved. 

_____63. As a design goal “Let the water lead” will be achieved in the near future (next five 

years). 

_____64. As a design goal “Learn from the natural environment” is achievable. 

_____65. As a design goal “Learn from the natural environment” has been achieved. 

_____66. As a design goal “Learn from the natural environment” will be achieved in the near 

future (next five years). 

_____67. As a design goal “Involve community-Belonging” is achievable. 
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_____68. As a design goal “Involve community-Belonging” has been achieved. 

_____69. As a design goal “Involve community-Belonging” will be achieved in the near future  

(next five years). 

_____70. As a design goal “Experience Nature and Ecology” is achievable. 

_____71. As a design goal “Experience Nature and Ecology” has been achieved. 

_____72. As a design goal “Experience Nature and Ecology” will be achieved in the near future 

(next five years). 

 

73. Please rank design principals in order of importance. (Rank 1-4; one being most 

important) 

_____ Let the water lead 

_____ Learn from the natural environment 

_____ Involve Community-Belonging 

_____ Experience Nature and Ecology 

 

Questions 74 - 80: Goal, Mission, Model of the TFP 

1 2 3 4 5 

Strongly 

Disagree 

Disagree Neither Agree 

nor Disagree 

Agree Strongly  

Agree 

 

_____74. You understand the overarching goals of TFP. 

_____75. You think TFP is a worthy cause to replicate. 

_____76. You understood (before this survey) that TFP is an artist lead and artist funded project. 

_____77. It is important for TFP to be artist led and include artists as team members. 

_____78. It is important for future projects similar in nature to TFP to be artist led.  

_____79. It is important for future projects similar in nature to TFP to include artists as team 

members. 

_____80. You noticed a difference in this project management style due to it being artist led. 
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Questions 81 - 87: Management of TFP 

1 2 3 4 5 

Strongly 

Disagree 

Disagree Neither Agree 

nor Disagree 

Agree Strongly  

Agree 

 

_____81. The project management of TFP in terms of design was effective. 

_____82. The project management of TFP in terms of implementation was effective.                

_____83. The project management of TFP project in terms of project management was effective. 

_____84. The project management of TFP in terms of communication/outreach was effective. 

_____85. The project management of TFP in terms of education was effective. 

_____86. The project management of TFP in terms of funding was effective. 

_____87. The project management of TFP in terms of allocation of funding was effective. 

 

88. Please rank correspondence in order of importance. (Rank 1-4; one being most 

preferred) 

______You would like to receive updates on TFP daily. 

______You would like to receive updates on TFP weekly. 

______You would like to receive updates on TFP monthly. 

______You would like to receive updates on TFP yearly.   

 

89. Please rank how you would like to receive updates.  Rank (1-5; one being most 

preferred) 

______E-mail    

______ Text    

______An update on website 

______Facebook    

______ A meeting 
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APPENDIX B: COMPOSITION OF TREATMENT SEED MIXES 

Short/dry Mix (SDM) – Grasses: 40% Schizachyrium scoparium, 35% Bouteloua curtipendula, 

13% Bouteloua gracilis, 4% Danthonia spicata, 4% Koeleria macrantha, 2% Sporobolus 

cryptandrus, and 2% Sporobolus heterolepis 

Pollinator mix for dry to mesic soils (PM) –  Grasses: 5% Sporobolus heterolepis, 4% 

Schizachyrium scoparium, 3.5% Bouteloua curtipendula, 3.5% Koeleria macrantha, 2% 

Bouteloua gracilis, 2% Elymus canadensis; Forbs: 6% Amorpha canescens, 6% Asclepias 

tuberosa, 6% Asclepias syriaca , 6% Penstemon spectabilis, 6% Verbena stricta, 5% Heliopsis 

helianthoides, 4% Dalea candida 4% Dalea purpurea, 3% Liatris pycnostachya, 3% Monarda 

fistulosa, 3% Rudbeckia hirta, 3% Symphyotrichum laeve, 3% Tradescantia occidentalis 3% 

Zizia aurea, 2% Asclepias syriaca, 2% Coreopsis palmata, 2% Liatris punctata, 2% Potentilla 

pensylvanica, 2% Rosa arkansana, 2% Solidago nemoralis 2% Solidago ptarmicoides, 1% 

Astragalus canadensis, 1% Galium boreale. 

Short/dry mix with spike seeding treatment (SDMS) – See above for SDM seed composition; 

Spike species with equal percentage: Echinacea purpuera, Symphyotrichum laeve, Achillea 

millefolium, Rudbeckia hirta, and Dalea purpurea. 

 Pollinator mix for dry to mesic soils with spike treatment (PMS) – See above for PM seed 

composition; Spike species with equal percentage: Echinacea purpuera, Symphyotrichum laeve, 

Achillea millefolium, Rudbeckia hirta, and Dalea purpurea. 

Aesthetic prairie plantings mix (APP) – Forbs with equal percentages: Echinacea purpuera, 

Asclepias syriaca, Rudbeckia hirta, and Symphyotrichum laeve. 
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APPENDIX C: AVERAGE PERCENT COVER FOR ALL SPECIES 

Table C1. Average percent cover for all species from the 2017 and 2019 surveys. Species are 

designated as Planted or Other.  

Species 
2017 average 

percent cover 

2019 average 

percent cover 

Planted (P) or 

Other (O) 

Achillea millefolium 9.61 4.38 P 

Agrostis gigantea 0.00 0.42 O 

Ambrosia artemisiifolia 5.09 0.00 O 

Argentina anserina 0.00 0.17 O 

Asclepias syriaca 0.00 1.38 P 

Bouteloua curtipendula 0.58 0.00 P 

Bromus inermis 0.00 0.83 O 

Cirsium arvense 0.83 0.60 O 

Dalea purpurea 0.00 0.33 P 

Echinacea purpurea 0.60 1.17 P 

Echinochloa crus-galli  0.17 0.00 O 

Elymus canadensis 0.00 0.60 P 

Elymus repens 3.17 27.42 O 

Helianthus annuus 3.60 0.00 O 

Helianthus helianthoides 1.83 1.06 P 

Hordeum jubatum 6.22 2.50 O 

Lotus corniculatus 14.95 9.78 O 

Melilotus officinalis 12.25 0.00 O 

Monarda fistulosa 2.22 0.47 P 

Panicum virgatum 12.26 11.59 O 
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Species 
2017 average 

percent cover 

2019 average 

percent cover 

Planted (P) or 

Other (O) 

Pascopyrum smithii 3.19 1.44 O 

Phalaris arundinacea 0.00 0.50 O 

Phleum pratense 0.00 1.43 O 

Plantago major 1.97 1.00 O 

Poa pratensis 2.31 9.69 O 

Polygonum pensylvanicum 0.00 2.17 O 

Polygonum spp. 1.46 3.04 O 

Ratibida columnifera 4.05 0.61 O 

Rudbeckia hirta 13.11 0.42 P 

Rumex crispus 2.11 6.22 O 

Schizachyrium scoparium 2.50 0.00 P 

Solidago canadensis 0.00 0.33 O 

Symphyotrichum laeve 0.23 1.04 P 

Symphyotrichum lanceolatum 1.17 11.09 O 

Taraxacum officinale 3.19 1.74 O 

Thalictrum dasycarpum 0.00 1.00 O 

Trifolium pratense 0.00 0.50 O 

Trifolium repens 1.94 0.00 O 

Tripleurospermum inodorum 2.14 1.39 O 

Viola nephrophylla 0.00 0.39 O 

Zizaia aurea  0.00 0.58 P 
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APPENDIX D: WATER QUALITY PARAMETERS AND DETECTION LIMITS  

Table D1.Water Quality Standards  

Field 

Measurements 

General 

Chemistry 

Detection 

Limits 

Nutrients Detection 

Limits 

Biological Detection 

Limits 

Hydro- 

carbons 

Detection  

Limits 

pH Alkalinity 3.30 mg/L Ammonia 0.030 

mg/L 

E. coli 10   #/100 

mL 

Oil & 

Grease 

15mg/L 

Temperature Anion Sum NL2 Nitrate-

nitrite 

0.030 

mg/L 

    

Dissolved 

Oxygen 

Bicarbonate 1 mg/L Total 

Kjeldahl 

Nitrogen 

0.061 

mg/L 

    

Specific 

Conductance 

Calcium 2.00 mg/L Total 

Nitrogen  

0.015 

mg/L 

    

 Carbonate 1 mg/L Total 

Phosphorus 

0.004 

mg/L 

    

 Cation Sum NL2 Sodium 

Adsorption 

Ratio 

NL2     

 Chloride 0.300 

mg/L 

      

 Fluoride 4.00 mg/L       

 Hardness NL2       

 Hydroxide  1 mg/L       

 Iron 0.050 

mg/L 

      

 Magnesium 1.00 mg/L       

 Manganese 0.010 

mg/L 

      

 Potassium 1.00 mg/L       

 Silica 2.00 mg/L       

 Sodium 3.00 mg/L       

 Sulfate 0.300 

mg/L 

      

 Total 

Dissolved 

Solids 

NL2       

 Total 

Suspended 

Solids 

5 mg/L       

  


