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"Man’s engineering capabilities are nearly limitless. Our economic views are too 

insensitive to be the only criteria for judging the health of the river organism. What is needed is a 

gentler basis for perceiving the effects of our engineering capabilities. This more humble view of 

our relation to the hydrologic system requires a modicum of reverence for rivers." 

 

Luna B. Leopold, PhD 

“A Reverence for Rivers”, keynote address 
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ABSTRACT 

This thesis project monitors the quantity and quality of stormwater entering and leaving a 

bioretention system in Coralville, Iowa. Bioretention is among many engineered solutions 

designed to provide treatment for runoff that might otherwise be drained directly to a body of 

water. Increased quantities of stormwater can impact stream morphology, degrade aesthetics, 

increase flood frequency, peak flow and peak duration; as well as increased sedimentation and 

sediment transport. Decreases in water quality can impair fish or other aquatic populations, and 

increase the treatment requirements for downstream intakes. The number of communities, 

presently 47, affected by stormwater control ordinances increases as the Environmental 

Protection Agency continues to require smaller Municipal Storm Sewer Systems to adhere to 

National Pollutant Discharge Elimination System permits.  

The City of Coralville is setting an example by using infiltration practices to treat runoff 

from a 4-lane divided thoroughfare. Preliminary monitoring shows that the system in Coralville 

provides an average reduction in effluent temperature g of 3.7°C, an average reduction in peak 

flow of 2 cfs, and an average peak delay of 45 minutes. The project provides infiltrative treatment 

for the water quality volume and the empirical curve number for the project is 77.4. The urban 

runoff to the project is within literature values and the pollutant concentrations in the project 

effluent are below legal limits.  
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PUBLIC ABSTRACT 

This thesis project monitors the quantity and quality of stormwater entering and leaving a 

bioretention system in Coralville, Iowa. Bioretention is among many engineered solutions 

designed to provide treatment for runoff from urbanized areas. Standards for urban runoff (MS4 

permits) are applicable to 47 municipalities or universities in Iowa. Urbanization impacts Iowan 

health and economy by increasing local flooding potential and decreasing water quality 

throughout the watershed. Water quality affects the recreation services the state may provide, the 

safety of the landscape for human contact and use, and the cost of water treatment. Understanding 

the ability for engineered systems to reduce flood volumes and increase water quality helps 

communities stay within legal standards and improve our waterways.  

The system in Coralville provides an average reduction in effluent temperature of 3.7°C, 

an average reduction in peak flow of 2 cfs, and an average peak delay of 45 minutes. The project 

provides infiltrative treatment for the water quality volume and the empirical curve number for 

the project is 77.4. The urban runoff to the project is within literature values and the pollutant 

concentrations in the project effluent are below legal limits.  
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CHAPTER 1: INTRODUCTION 

Urban stormwater and agricultural runoff are the two major contributors to the 

degradation of Iowan waterways. To address the quality of urban contributions nation-wide, the 

Environmental Protection Agency (EPA) enacted the National Pollutant Discharge Elimination 

System (NPDES) Stormwater Permit Program in the 1990. The phased program regulates the 

effluent from many point-sources, including municipal separate storm sewer systems (MS4s). To 

improve water quality without employing a large-scale wastewater treatment plant, many 

municipalities have opted to use best management practices (BMPs) that allow urban runoff to be 

filtered and biologically treated at or close to the source.  

Bioretention cells are one form of BMP that is common in urban settings because of the 

small footprint it has relative to the catchment area. Bioretention cells are landscaped depressions 

that typically include a rock chamber and engineered soil media to temporarily store and 

percolate runoff into the surrounding, in-situ, soil. Stormwater enters the practice through a curb 

cut or a pipe, is filtered by the media, and may be evaporated, taken up by vegetation, discharged 

by an underdrain, or exfiltrated into the in-situ soil below the practice (Iowa Department of 

Natural Resources, 2016). This technology is not new to the United States as a whole—there are 

many documented cases throughout New England and the Pacific Northwest—but very little has 

been done to characterize the performance of bioretention systems in Iowa.   
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CHAPTER 2: LITERATURE REVIEW 

Impacts of Stormwater 

The impact of urban runoff is threefold. Firstly, impervious surfaces like roads, parking 

lots, and roofs, do not allow precipitation to penetrate into the ground below, resulting in 

hydrograph peaks in nearby streams associated with urban land use (United States Department of 

Agriculture, 1986). Secondly, the decrease in infiltration is reflected in smaller volumes 

recharged into the aquifers and larger volumes of resultant surface flow. The combination of large 

volumes and quick conveyance then cause damage by flooding or scouring. Finally, high-

intensity traffic increases the amount of pollutants that accumulate on roadways and are entrained 

during precipitation events (Weibel, Anderson, & Woodward, 1964). Impervious surfaces 

encourage the pollutants to be transported quickly downstream (Kayhanian, et al., 2012) where 

they degrade water quality of the receiving body (National Research Council, 2008).  

Pollutants may be suspended or dissolved and degrade the water quality with physical, 

chemical, and biological mechanisms. For example, sediments decrease the clarity (increase 

turbidity) of the water and transport chemical pollutants that have sorbed onto the media. 

Nutrients from stormwater encourages algae growth, which increases turbidity. When the blooms 

perish, the decomposers that consume them exhaust the dissolved oxygen (DO) that other aquatic 

species need to respire. The decrease in water quality shifts the ecology of the system away from 

native or desirable species in favor of less desirable species (Leopold, 1968). Similar effects can 

be seen for changes in stream temperature, pH, and concentrations of toxins above threshold 

values for sensitive species and primary consumers.  

Evolution of Urban Pollutant Concern  

The pollutants of urban stormwater first reported were total suspended solids (TSS), 

nutrients such as nitrogen and phosphorus, and heavy metals (Marsalek, Guillaume, Rochfort, 



 

3 

Grapentine, & Lafont, 2013). As of 2010, the list has grown to more than 600 chemical 

substances (Marsalek, Guillaume, Rochfort, Grapentine, & Lafont, 2013) to include 

pharmaceuticals, hydrocarbons, and other compounds with specific effects on aquatic ecosystems 

and human health (Zimmer, Heathcote, Whiteley, & Schroeter, 2007) . Research has also 

expanded to include spatial (Merchan, et al., 2014) and temporal variability, and persistence 

(Marsalek, Guillaume, Rochfort, Grapentine, & Lafont, 2013).  

Recent progress has been made in the realm of dissolved pollutants in terms of sorption, 

vegetative uptake, and biodegradation of dissolved pollutants (LeFevre, et al., 2014). Dissolved 

pollutants may contribute a significant amount to total pollutant loading (LeFevre, et al., 2014). 

Pollutant removal strategies may be improved as we learn more about the synergistic/antagonistic 

effects and the fate and transport of dissolved pollutants. Decay is a key component for 

characterizing pollutants and the lengths at which they persist. Cullin (2014) found that he could 

model and predict the decay of sulfamethoxazole within an order of magnitude for smaller 

reaches, but encountered error outside of uncertainty at long reach lengths. Cullin suspects the 

error may have been from differing optical (measurement) properties of the model tracers 

compared to the actual contaminant, or path-related unknowns including lateral inflows or bank 

storage. This illustrates the difficulty in tracking pollutants through a system. 

In addition to the complexity of pollutant movement is the intricacy of cycles and 

speciation, which may be dependent on a single parameter like pH or temperature, a combination 

of parameters, or the presence of biota. The most familiar example is the nitrogen cycle, in which 

nitrogen is applied to the land in fertilizer as ammonium or ammonia (NH4
+ and NH3, 

respectively), oxidized to nitrite (NO2
-) and then nitrate (NO3

-), and anaerobically converted to 

nitrogen gas (N2). Since the anaerobic conditions to produce nitrogen gas are infrequently present 

in traditional stormwater conveyance, and nitrates persist in the effluent. Similarly persistent are 

trace metals and organics. These pollutants may be volatilized (for organics), sorbed, 
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biodegraded, or taken up by plants and other materials (LeFevre, et al., 2014). Like the anaerobic 

conditions required to convert nitrite/nitrate to nitrogen gas, these conditions do not often exist in 

traditional stormwater infrastructure and must be deliberately introduced. In bioretention systems, 

an anaerobic region may be designed by using an upturned elbow in the underdrain to restrict 

water movement to times in which new water is added to the system. Such design considerations 

are not standardized, and are often site- or pollutant-specific. 

The pollutants of concern for this project are E. coli bacteria, chloride, sulfate, 

nitrate/nitrite as N, ortho-phosphate as P, total phosphorus as P, total suspended solids, oil and 

grease (hexane extractable materials), and total extractable hydrocarbons. Table 1 summarizes 

literature values for the contaminants of concern or their chemical proxies, as is the case for TDS 

and chloride. These constituents were chosen by interested municipal parties to address emerging 

design goals green infrastructure.  

Table 1: Literature values for relevant contaminants 

  Median Mean Range C.o.V. Source 
E. 

coli 1750     2.3 Pitt, Maestre & Morquecho (2004) (overall 
summary) 

NO2 

572     0.48 Nationwide Urban Runoff Program (US EPA 1983) 
0.6     0.7 Pitt, Maestre & Morquecho (2004) (mixed freeway) 

0.08 0.14   1.15 Wu et al. 1998 (Site III) 

O&G 4   1.6 Pitt, Maestre & Morquecho (2004) (mixed freeway) 
1.1 1.3  0.5 Wu et al. 1998 (Site III) 

OP 0.16 0.17   0.52 Wu et al. 1998 (Site III) 
pH 7.8   0.06 Pitt, Maestre & Morquecho (2004) (mixed freeway) 

P. HC     0.7-6.6   Shepp 1996 

SP 80   0.71 Nationwide Urban Runoff Program (US EPA 1983) 
TDS 174     0.4 Pitt, Maestre & Morquecho (2004) (mixed freeway) 

TP 0.26 0.47  0.86 Nationwide Urban Runoff Program (US EPA 1983) 
0.26   0.8 Pitt, Maestre & Morquecho (2004) (mixed freeway) 

TSS 
  150 20-2,890   Bastian, 1997 

81     1.2 Pitt, Maestre & Morquecho (2004) (mixed freeway) 
14 30   1.07 Wu et al. 1998 (Site III) 

 
C.oV. —coefficient of variation 
EC—Escherichia coli , [MPN]/100 mL 
TDS.—Total dissolved solids, mg/L 
NO2—Nitrate and nitrite (as N), mg/L 
OP—Orthophosphate (as P, mg/L 

TP—Total phosphorus, mg/L 
TSS—Total suspended solids, mg/L 
O&G—Oil and greaseppm 
P. HC—Petroleum hydrocarbons, μg/L 
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Traditional Stormwater Infrastructure and Low-Impact Development 

Stormwater infrastructure was originally designed to remove runoff as quickly as 

possible to protect urban property from flooding (Zimmer, Heathcote, Whiteley, & Schroeter, 

2007). Since the 1970’s, design considerations have expanded to include reduction of flooding 

further downstream and the pollutants transported by the system. Many of these new goals use a 

design strategy called low-impact development (LID). 

LID designs are intended to preserve the pre-development hydrologic conditions for 

high-probability storm events and are often implemented by reducing impervious cover and 

choosing strategic geometries that promote infiltration and evapotranspiration (Zimmer, 

Heathcote, Whiteley, & Schroeter, 2007). LID is applicable across a range of scales, and often 

uses infiltration-based best management practices (BMPs) to treat stormwater close to the source 

by allowing soils and plants to filter and remove pollutants.  

Infiltration Practices 

Treating stormwater close to the source or in the headwaters may also increase the 

maximum benefit available. Holman-Dodds, Bradley, and Potter (2003) noted that the 

geomorphology of many basins provides pervious soils in the headwaters with increasingly less 

pervious soils approaching the river. They suggest that the most effective infiltrative BMPs will 

be located near the top of the watershed.  

The in-situ soil dictates performance as the hydraulic conductivity limits the exfiltration 

capacity of the BMP. Davis, Traver, Hunt, Lee, Brown, and Olszewski (2012) compared 

bioretention cells in Maryland, North Carolina, and Pennsylvania, and found that volumetric 

performance correlated with the hydrologic soil group (HSG) of the site.The sandier soils for 

Davis et al. (2012) in North Carolina (HSG A or B) permitted only 14% of the total inflow 

volume to be discharged. The other sites, (HSG C) discharged 23% (Maryland) and 48% 
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(Pennsylvania) of the total inflow volume. The researchers compared the overall performance of 

the cells by comparing theoretical and empirical NRCS curve numbers—low numbers represent 

higher runoff retention capacity—and found empirically that the BMPs reduced the expected 

curve numbers for the urbanized catchments from 84-87 to 75-78. The in-situ soil was a large 

factor in the success of the system, but Davis et al. (2012) also noted that the curve number may 

be reduced by increasing the storage volume. 

Bioretention Design 

Hydrologic performance in bioretention systems is a function of engineering design. 

Storage volume in infiltration BMPs is limited horizontally by available plan area, and is limited 

in depth by the cost of excavation and elevation of the water table or other geologic concerns 

(Iowa Department of Natural Resources, 2016). Volumetric management in general is also 

limited by media and vegetative characteristics of the cell (Davis, et al., 2012). Since the 

engineered ecosystem should imitate a natural ecosystem (Greene, Hutchinson, Christianson, & 

Moore, 2009), native vegetation is recommended as it increases habitat availability for native 

species, often has deeper root systems than non-native species (in suitable regions), and is more 

likely to survive the regional climate. The roots allow deeper preferential pathways for water to 

infiltrate and a greater depth to which plants may use the water for growth and maintenance 

(Greene, Hutchinson, Christianson, & Moore, 2009). Vegetation may directly transform 

stormwater pollutants (LeFevre, Müller, Li, Luthy, & Sattely, 2015) in addition to improving 

conditions required for uptake (LeFevre, Hozalski, & Novak, 2016). 

Soil structure and biota (including microorganisms) contribute to plant productivity and 

biogeochemical cycling, and are the foundation for healthy ecosystems (Griffiths & Philippot, 

2012). A challenge in designing bioretention systems for specific pollutant removal is in 

regarding the engineered media as an ecological building block. Soil amendments have included 

compost, iron filings (Minesota Pollition Control Agency, 2014), red mud—an aluminum 
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manufacturing by-product (Lucas & Greenway, 2011), fly-ash (Zhang, Brown, Storm, & Zhang, 

2009), calcite, steel wool, blast furnace slag (Erickson, Gulliver, & Weiss, 2007), and a myriad of 

others to promote pollutant retention and degradation. Even exposure to contaminants themselves 

may increase biodegradation (LeFevre, Holzaki, & Novak, 2012). LeFevre, Novak, and Hozalski 

(2011) found that 5 months of exposure to naphthalene encouraged the bacteria that degrade it—

based on the genetic information contained in the soil—supporting the framework of bioretention 

media as an ecosystem fundamental as well as an engineering material. Soil amendments may 

also be a potential source of nutrient export, and must be chosen with care.  

Stormwater Maintenance and Education 

Purposeful selection of components is not the only intellectual challenge in implementing 

and maintaining infiltration BMPs. Exfiltrative capacity is limited by the compaction of the 

underlying soil. Contractors must limit or eliminate the compression applied by excavation 

machinery (Virginia Department of Environmental Quality, 2011)—to do so it is vitally 

important that operators understand the benefits gained by following these restrictions, so that 

they may fully comply with the non-compaction needs. Additionally, silt and construction-fines 

need special attention in the form of silt fences, mulch socks, and designated concrete washout 

pits, so they do not clog the interface or subsequent media layers (Virginia Department of 

Environmental Quality, 2011). Construction is a vulnerable stage for the system because of the 

opportunities to foul the in-situ advantages.  

After installation, regular maintenance is the next challenge in preserving the function of 

infiltration BMPs. Blecken, Hunt, Al-Rubaei, Viklander, and Lord (2015) reviewed common 

maintenance issues in several types of infiltration BMPs, and concluded that long-term 

maintenance of BMPs is just as important for hydrologic success as design adaptation and 

construction. They found that the inter-disciplinary overlap in engineering, traffic planning, 

ecology, horticulture, etc. created ‘loopholes’ by which no single entity was explicitly responsible 
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for BMP maintenance because the different care mechanisms could fall within multiple 

jurisdictions. 

In tandem with non-explicit responsibility may be the lack of knowledge of maintenance 

routines including (but not limited to): adequate grass height, detriments of fertilizer use, 

necessity of weeding during establishment, clearing flotsam from the cell, and the structural 

integrity of curbs, piping, and grates (Blecken, Hunt, Al-Rubaei, Viklander, & Lord, 2015).  

In a suburban study, Dietz and Clausen (2004) found that nitrate concentrations were 

decreased by 75% and bacterial concentrations also decreased significantly when homeowners 

are responsible for lot-scale non-point BMPs such as rain barrels, gutter diversion, and informed 

fertilization. They also found that residents exposed to intense education programs such as 

workshops, BMP installations at schools, or stream clean-ups, are more likely to be capable of 

identifying behavior that contributes to stormwater pollutants, and more willing to assist in 

improvement strategies (Giacalone, Mobley, Sawyer, Witte, & Eidson, 2010). These non-

structural measures are an excellent way to put the treatment goals into context. Taylor & 

Fletcher (2007) propose the following five categories by which stormwater issues can be 

universally addressed:  

1. Town planning controls, or rules binding developers to implement a stormwater 

strategy addressing water quality;  

2. Institutional controls, such as citywide management plans and available funding for 

BMPs; 

3.  Maintenance, from pollution prevention to sustaining BMP efficiency; 

4.  Education, participation in programs using targeted, interactive, or intensive methods 

to increase knowledge and promote certain behavior; and  

5. Regulation, to enforce local laws to improve erosion and sediment control at 

construction sites.  
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With these five categories, the different temporal categories of the effects of urbanization are 

separated and addressed according to the motivators of each population. A homeowner has no 

control over erosion maintenance during construction, and developers similarly have no input to 

the water uses of residents. Separating the variables contributing to stormwater pollution helps 

increase efficiency of targeted strategies. Eidson (2008) eloquently stated “…each citizen plays 

an individual and collective role as both a consumer of natural capital and a steward of the 

environment” and thus, ensuring that the entire community is on the same proverbial page for 

watershed management is vitally important for the success of stormwater BMPs.  
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CHAPTER 3: PROJECT BACKGROUND AND SCOPE 

Watershed History and Project Goals 

The project is located in Coralville, Iowa at 41°42'29.06"N, 91°36'30.30"W (Section 25 

Township 80 N Range 7 W) along Coral Ridge Avenue (Highway 965) between Oakdale 

Boulevard and Heartland Drive. Coral Ridge Avenue road is a major artery in the corridor 

between Coralville and the town of North Liberty. It is presently a combination of commercial 

and residential land use, with zoning for further development within the watershed. Prior to the 

2000’s, the surrounding land was agricultural row-crops and pasture. The 1800’s historic 

vegetation was prairie (Iowa State University Geographic Information Systems Support & 

Research Facility, 2016). The soil types are Fayette silt loams and a portion of the Chelsea-

Lamont-Fayette complex, both of which are hydrologic soil group (HSG) B or C. For predicting 

runoff volumes and sizing the bioretention system, HR Green used the SCS curve-number 

method. A curve number of 67 was selected for the total pervious area, corresponding to HSG B 

brush in poor condition. The soils alone are moderately permeable (Schermerhorn, 1983) loams 

(7-27% clay, 28-50% silt, <52% sand). They fall within capability subclasses II- III, and VI-e, 

indicating that they are prone to erosion problems. Expected soil properties are summarized in 

Table 1.  

Table 2: In-situ soil properties from Johnson County Soil Survey 

 
Permeability 

(in/hr) 
Available water capacity  

(in/in) 
Shrink-swell 

potential 
Organic Matter  

(%) 
Chelsea 6.0-20 0.06-0.15 low 0.5-1 
Fayette 0.6-2.0 0.18-0.22 low to moderate 0.5-2 
Lamont 2.0-6.0 0.14-0.18 low 0.5-1 

 
Coral Ridge Avenue is a portion of Highway 965 previously owned by the Iowa 

Department of Transportation. In 2005, ownership was transferred from the DOT to the City of 

Coralville. The City of Coralville was tasked with expanding the road to four lanes to 

accommodate growing traffic intensity and commercial access demands. The city implemented a 
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design with traditional stormwater infrastructure that was completed in 2010, then retrofitted with 

green infrastructure beginning in 2014 to set an example of infiltration BMPs in municipal 

service. The green infrastructure retrofit was funded in part by the Watershed Improvement 

Review Board (WIRB), Rockwell Collins, and the City of Coralville.  

The overall goals for the Coral Ridge Avenue Stormwater Project in a statement to the 

WIRB are to improve the quality of stormwater, reduce peak stormwater flows, create a cost-

feasibility study to compare Low-Impact Development (LID) with traditional infrastructure, 

create a replicable urban design, extend the lifespan of an existing regional detention basin, and 

educate other municipalities and contractors. In corollary with these overarching goals, my thesis 

goals are to 1. Provide reproducible instrumentation setup for long-term monitoring and 

appropriate post-processing tools, 2. Evaluate the hydrological performance of a subset of the 

bioretention system, and 3. Characterize the baseline urban runoff. 

Stormwater Requirements 

In accordance with the NPDES permit obtained for the city’s MS4, the City of Coralville 

has published a post-construction ordinance governing the treatment standards of stormwater for 

new development. The ordinance, Chapter 159 Post-Construction Stormwater Control, is 

applicable to all new construction impacting areas equal to or greater than one acre, and also to 

any development resulting in impervious exceeding 5,000 square feet. It requires stormwater 

management for the water quality volume (first 1.25 inches) via infiltration, and for the channel 

protection volume (first 2.38 inches) via infiltration or 24-hour detention, following design 

standard specifications laid out in the Iowa Stormwater Management Manual (ISWMM). This is 

not unusual—of the 47 communities with MS4 permits in Iowa, 15 of them reference ISWMM 

and of those, 8 require BMP performance guarantees ( Iowa Storm Water Education Partnership, 

2016). 
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No effluent pollutants in addition to those already controlled are specifically governed by 

Coralville NPDES permit—there are no maximum daily loads (MDLs), but extensive 

measureable goals include public education and outreach on storm water impacts, public 

involvement and participation, illicit discharge detection and elimination, construction site storm 

water control, and pollution prevention/good housekeeping (see Appendix A:) The Iowa 

Department of Natural Resources (Iowa DNR) first proposed the NPDES permit in 2014, 

classifying the Iowa River as class A1, B(WW-1), and HH and Clear Creek as class A3 and 

B(WW-2). This classification system indicates that the receiving waterbodies of Coralville MS4 

have designated water quality goals based on their uses. For the Iowa River, discharge may be 

recreational with prolonged and direct exposure; suitable for maintaining warm water game fish 

populations; and supportive of human fish consumption or human drinking water supply. In Clear 

Creek, children commonly recreate and the stream is capable of supporting native nongame fish 

and invertebrate species.  

Site Description 

The portion of Coral Ridge Avenue that drains into the selected stormwater best 

management practices (BMPs) is a 4-lane divided thoroughfare ½ mile in length. The hillslopes 

draining into the BMPs are then 7.9 acres, of which 3.3 acres (42%) are impervious land. The 

road crowns along the centerline, allowing runoff to enter bioretention units along the outer edges 

and enter into the median. This setup up is abnormal, as traditionally-engineered highway have 

cross-slopes which drain all water to the outside of the highway system (away from the median) 

to avoid compromising aggregate stability in the subbase. The median swale is equipped with an 

overflow structure that prevents magnitudes of water which might destabilize the infrastructure.  

 Traditional storm sewer inlets collect the runoff of Coral Ridge Avenue and convey it in 

12, 15, 18, and 24” standard concrete pipes into four subsections of the bioretention system: the 
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median bioswales, a set of 2 bioswales west of the road, 1 bioswale east of the road, and 2 small 

bioretention cells west of the road.  

I chose to investigate the two western bioswales. The first bioswale is a set of 3 

bioretention cells constructed at grade and connected in series with check dams and grass-only 

swales delineating each cell. The final swale is a single cell with 150 feet of grass-only bioswales 

upstream. The cells slope mildly downstream and are vegetated with plantings other than grass. 

The grass-only portions between the cells also contain aggregate storage, but are vegetated with 

grass to provide continuous cover and help reduce movement of TSS. The naming scheme for the 

cells used by HR Green uses decreasing ordinals in the downstream direction, while the research 

station names are increasing ordinals in the downstream direction. Both nomenclatures are 

maintained in case of reference to the original engineering documents.  

The cells are fed runoff from the five north-most inlets on Coral Ridge Avenue south of 

Oakdale Boulevard. Of the total project area, this encompasses 5 acres of the sub-watershed, 1 of 

which is impervious. The engineering design anticipates an area-weighted curve number of 77.7 

for the bioswale project.  

Runoff from the highway and overland flow from the pervious project area is directed 

into the cells. For events accumulating less than the overflow volume, all water entering the cells 

via the hillslope or the apron inlets passes through the engineered media. The media is 90% sand, 

10% compost, and protected by a layer of chip mulch. Below the engineered media is a rock 

chamber—2- to 3- inch filter layer of 3/8-inch limestone chip aggregate and a 12-inch base stone 
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layer of 1- to 2-inch limestone aggregate. A typical cross section is shown in Figure 1.

 

Figure 1: Typical cell cross-section, used with permission from HR Green 

Within the base layer is a continuous perforated underdrain pipe to ensure adequate 

storage for subsequent runoff. Water entering the underdrains flows beneath the cells until it 

connects to the overflow structure in the downstream-most portion the cell. For cell 4, all 

overflow/underdrain flow daylights in cell 3. For cell 3, the overflow/underdrain flow is 

conveyed in an 18-inch pipe to the final outlet. 

The final outlet is drop-shaft junction 100 feet away from the overflow structure of cell 4. 

This junction meets with a small portion of untreated stormwater. Both effluents mix in the 15 

foot fall, and are discharged into the receiving ephemeral stream in a concrete trough. Figure 2 

contains a sketch of the north project modified from the engineering documents provided by HR  

Green depicting the hydraulic connectivity of the bioretention systems. As named, CRO1, CRO2, 

CRO3 and CRO5 contain road-only effluent; CRO4 is a combination of overflow from cell 4 and 

runoff, and CRO6 is instrumented to isolate the overflow from cell 3. 



 

15 

A.                               B.  

Figure 2: Schematic modified with permission from the engineering documents of HR Green, with 
bioretention units in green and overflow structures in orange: A. north half of watershed, b. south 

half of watershed. Not to scale. 
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CHAPTER 4: APPROACH AND METHODS 

Continuous records are available for water depth, temperature, and electrical 

conductivity. These observations in turn provide volumes and effluent temperature entering and 

exiting the practice, as well as a proxy for continuous chloride estimates. Reductions in effluent 

temperature were estimated using the difference in maximum temperatures within a given flow 

event. Event-based samples are collected to characterize bacteria, chloride, sulfate, nitrate, 

phosphorus, total suspended solids, and oil and grease. These observations characterize the 

incoming and outgoing pollutant loads and the spatial variability between the inlets.  

Volumetric estimates were obtained using a right-handed trapezoidal definite integration 

of the flow estimates.  The volumes exfiltrated (infiltrated into the in-situ soil beneath the 

aggregate storage) are assumed to be the difference between inflow and outflow volumes. 

Transpiration is assumed negligible at this juncture as the vegetation in the system is not well-

established to contribute major uptake, and the engineered media has such a high hydraulic 

conductivity that water is not available for evaporation for prolonged periods. 

I used SCS-curve number to compare hydrologic performance based on the observed 

exfiltration (retention). The curve number (CN) is an empirical parameter that can be used to 

predict runoff (Q, in cfs) for a given rainfall (P, in inches) based on the soil type, land use, and 

antecedent moisture conditions: 

𝑄𝑄 = (𝑃𝑃−𝐼𝐼𝑎𝑎)2

𝑃𝑃−𝐼𝐼𝑎𝑎+𝑆𝑆
     Eq. 1 

for which Ia is the initial abstraction and S is the potential maximum retention of rainfall. Often, Ia 

is simplified as Ia=0.2S, leaving Q a function of only precipitation and retention. In predicting 

runoff, S is related to soil and cover conditions, which may be calculated based on tabular values 

for the curve number: 

𝑆𝑆 = 1000
𝐶𝐶𝐶𝐶

− 10     Eq. 2 
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For hydrologic comparison, the observed retention (in inches) can be used in rearranging the 

equation to solve for the curve number. The observed retention is represented by the ratio of the 

difference in cumulative inlet and outlet volumes to the cell area. The resultant curve number 

solely represents the performance of the cell, and may be used in an area-weighted average to 

describe the hydrologic performance of the sub-catchment.  

Cell Inlet Flow Estimation, Electrical Conductivity, and Temperature Measurements  

Global Water pressure transducers (models 16FLU and 16WLU) provide 20 second 

interval data for water depth. Four 16FLU models are installed at CRO1, CRO2, CRO3, and 

CRO6, while CRO4 and CRO5 are equipped with the 16WLU. The 16FLU models are equipped 

with a barometric pressure vent, while the 16WLUs are not. Both sensors consist of a silicone 

diaphragm. The sensor is calibrated to associate the recorded voltage differential in the meter 

with a specific diaphragm deflection, which was calibrated at 0 and 1 feet of depth using a 5-

gallon bucket. The material properties of the diaphragm paired with assumptions about fluid 

density provide a pressure estimate with a manufacturer uncertainty of 0.1% of the measurement 

range. The measurement range is specified during instrument setup, and was set to 36 inches for 

all pipes so that any depth reading above the pipe diameter could be assumed to represent 

pressurized flow (and therefore invalid with the weir equation). Variables that may affect 

measurement uncertainty are atmospheric pressure and temperature, and fluid densities deviant 

from those assumed. Variations in barometric pressure are assumed negligible because the 

sensors are calibrated in water, which is much denser than air. The variation in temperature is also 

assumed negligible because the thermal range for runoff at a single sensor for a given rainfall 

event is expected to be less than the overall range. Finally, density fluctuations are ignored  

Decagon ES-2 meters provide minute-interval electrical conductivity and temperature 

data. The sensors were factory-calibrated and have a reported uncertainty of 0.01 dS/cm (1000 
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μS/cm) or 10% (whichever is greater) for electrical conductivity and within 1°C. The ES-2s were 

specified to record in μS/cm and °C. 

The cell inlet aprons are outfitted with a 90° sharp-crested v-notch weir constructed of 

marine-grade plywood. The ¾ inch thick plywood was cut with a band saw and beveled to a 45° 

surface within the notch using a mill and angled bit. Holes were drilled in the face of the weir for 

the measurement devices to have access to the flow. The U.S. Bureau of Reclamation via Chin 

(2013) recommends an upstream measurement distance of 4H to avoid backwater effects, where 

H is the head (depth) of the flow within the weir. This is physically not feasible in the pipes, and 

the backwater effects are ignored because of the low pipe slopes (0.3-0.5% slope).  

The weirs are installed in the inlet pipe just upstream of the apron and secured using 

silicon. The instruments were inserted facing the flow and sealed in place using silicon. The 

cables were either directly adhered to the pipe, or encased in slit corrugated plastic tubing (for 

removal) which was adhered to the pipe using silicone. The data loggers are mounted on square 

traffic sign posts driven 24 into the ground by the City of Coralville. The full external setup is 

shown in Figure 3.  

  
Figure 3: Internal and external setup of cell inlet apron instrumentation 
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Well Measurements 

Observation wells were installed near the overflow structures of cells 4 and 3 (named 

CRW1 and CRW2, respectively). The well was constructed using 2” solid PVC pipe. The pipe is 

slotted at the lowest elevation to allow water to enter the well, and is capped to prevent soil and 

aggregate migration into the well. At the top of the aggregate layer and the engineered media 

layer (referred to as “biosoil” in Figure 4) is a bentonite (clay) seal intended to prevent 

preferential infiltration along the vertical surface of the well. Each well is equipped with a locking 

cap to discourage tampering. 

Wells were developed before instrument installation by using a hand pump to remove 

water from the well and encourage water movement into the pipe. This ensures that stray soil or 

fine particulate matter from construction and installation is removed prior to measurement and 

that the contents of the measurements and samples represent water that has moved within the 

gravel layer during the event.  

 
Figure 4: Obs. well schematic, used with permission from A.Bettis 
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A Decagon CTD-10 sensor was installed in each observation well—2 within the thesis 

project area near the overflow structures in cells 4 and 3. The Decagon CTD-10 records well 

depth, electrical conductivity, and temperature on minute-interval records. The information is 

stored in a Decagon Em5- data-logger mounted directly to the overflow structure, above the 

intake. The cable was buried beneath the mulch layer and protected above surface with ½ PVC 

pipe to prevent damage from landscaping machinery or animals.  

First Flush Devices and Grab-Samples 

The first flush devices are the Thermo Scientific Nalgene 1160-1000 Storm Water 

Samplers with amber glass collection jars to inhibit photolytic decay. Each 1 L amber jar is 

equipped with two caps; a storage cap and a collection cap. The collection cap has a bulb to 

encourage laminar flow into the jar, and a floater that rises to the top of the jar as it is filled. 

When the jar is full, the floater prevents any additional water from entering the sample jar. The 

jar is housed in a capped cylinder with orifices in the top and sides of the unit. The housing was 

permanently installed within the apron riprap of each cell inlet. Since the aprons are not perfectly 

level, the housing was placed as near to the lowest invert as feasible. The amber jar device and 

housing installation for the first flushes are shown in Figure 5. 

      

Figure 5: left—first flush jar; right—housing in rock apron 
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First flush devices were deployed if the precipitation forecast indicated an appreciable 

amount of rain. The jars were collected within 12 hours of the end of the storm event and stored 

in a refrigerated facility until they could be analyzed. First flush devices were used to characterize 

electrical conductivity and pH, and estimate total dissolved solids (TDS) and sodium chloride. A 

Nitratax plus sc was used to measure the above properties. The manufacturer specifies uncertainty 

at 3%.  

The first flush devices only capture 1 liter of sample, which is not enough to process for 

the constituents of concern at the State Hygienic Laboratory (SHL) at the University of Iowa. To 

increase the sample volumes at each site, grab samples were collected at appropriately large 

events. Events for which there was enough runoff at each inlet for collection usually 

corresponded in time and intensity to the 3-month 30-minute return interval storm outlined in the 

ISWMM (0.57 inches cumulative precipitation). Smaller events did not produce flow at the 

outfall sufficient for collecting.  

The grab samples were collected by using a hand pump to extract water from behind the 

weir. If the flow in the apron was deep enough to submerge the pump collection tube, the water 

was collected downstream of the weir in an attempt to preserve the integrity of the depth 

measurements upstream of the weir. The water was pumped into a pre-labelled plastic 1-gallon 

jug. When sufficient water was present in the observation wells (when the bowl of the cell 

experienced ponding greater than 8 inches in depth), water was also pumped from the wells for 

sampling. Once all samples had been collected for the system, they were transported to the 

University of Iowa Hydraulic Annex 1, where each sample was subdivided into vessels provided 

by SHL containing appropriate preservatives for the constituent of interest. Vessels were labelled 

and kept cool in a refrigerator or in coolers with icepacks until they were delivered to SHL. Many 

of the storms occurred at night, such that the samples could not be delivered until the next 

business day. The grab samples were tested for E. coli bacteria, chloride, sulfate, Nitrite/nitrate  
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as N, ortho-phosphate as P, total phosphorus as P, total suspended solids, oil and grease (hexane 

extractable materials), and total extractable hydrocarbons.  

Outlet Instrumentation 

Since the project outlet pipes enter a dropshaft before daylighting, the instrumentation in 

the outlet pipe was uniquely outfitted to accommodate the space and access restrictions. The 18-

inch inner-diameter pipe for CRO6 was fitted with an 18-inch outer diameter plastic collar 10 

inches long. Six inches remained in the collar, providing surface area for adhesive contact, and 4 

inches protruded from the end of the pipe.  

  

Figure 6: Outfall instrumentation 

 



 

23 

A sharp-crested compound weir (compound rectangular and v-notch) was constructed in 

the same manner as the other weirs and adhered to the inside of the collar with silicone. Holes 

were drilled in the collar to serve as access ports such that the sensors could be mounted from 

beneath to collar. One access port per sensor upstream of the weir, in addition to a third port 

downstream of the weir from which flexible vinyl tubing provide a feed for the first flush device. 

The sensors and feed were secured with zipties and silicone, and the instrumented collar was 

fastened with Liquid Nails heavy-duty construction adhesive to the outfall pipe.  

The first-flush device was suspended via cable and anchored above the outfall pipe using 

a Tapcon concrete screw. The feed from the collar was secured above the first flush device 

housing with duct-tape. A splash skirt was constructed from plastic sheeting to shield the orifices 

of the first-flush device from water outside the feed.  

The CRO6 data-loggers were mounted in the same fashion as the inlet data-loggers. The 

sensor cables are placed in the notch of the manhole cover to prevent damage and crimping of the 

barometric pressure vent. The pipe collar, splash skirt, and cabling are show in Figure 6.  

Data Download 

The measurement frequency and allotted memory space constrain the length of the data 

record to ~9 days. The data is downloaded once a week using a Panasonic Toughbook with the 

proprietary software Global Flow Monitor and ECH20. The Decagon data-logger AA batteries 

have lasted through the wet season, but the Global Water 9V batteries must be replaced on a 

weekly basis after downloading. While the Global Water software will not give a % remaining to 

indicate battery life, one 9V batter is replaced if the voltage differential is less than 14V, and both 

are replaced at less than 10V. The loggers are re-synched to the Toughbook after disconnection 

from power. The ECH20 software automatically gives each file download a unique file name 

based on the logger name and date of download. The Global Flow Monitor software does not 
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automatically give unique file names, so they must be assigned at download to be compatible 

with the processing scripts.  

Data Processing 

The records were concatenated by station to create one complete archive for each logger 

(see Appendix C). The Global Water records were aggregated by minute so that each timestamp 

is an average of three measurements within the minute. The depths recorded for all inlets were 

manipulated as-is, while the outlet was decreased by 2 inches to reflect the offset from the v-

notch to the collar. The equation for estimating flow within a V-notch are dependent on H, the 

depth of the water within the weir; the angle of the notch, θ (=90°); the acceleration of gravity, g 

(=9.8066 m/s2), and a discharge coefficient Cd1 assumed equal to 0.581 (Chin, 2013). The flow 

within a V-notch weir, Q, is then estimated to be:  

𝑄𝑄 = 8
15
𝐶𝐶𝑑𝑑1�2𝑔𝑔 ∗ 𝑡𝑡𝑡𝑡𝑡𝑡 �𝜃𝜃

2
�𝐻𝐻

5
2    Eq. 3 

The equation for estimating flow in a compound weir is a combination of the above v-

notch equation and that of a rectangular weir. The discharge coefficient, Cvd, is assumed to be 0.6 

(McCuen, 1998) and the discharge coefficient Cd2 varies linearly with the ratio of the head within 

the weir, H, to the crest height, Hw (Rouse, 1946) so that 

𝐶𝐶𝑑𝑑2 = 0.611 + 0.075 𝐻𝐻

𝐻𝐻𝑤𝑤
     Eq. 4 

The compound equation to estimate flow is then 

𝑄𝑄 = 2
3
𝐶𝐶𝑑𝑑2�2𝑔𝑔 ∗ 𝑏𝑏𝐻𝐻1

3
2 + 𝐶𝐶𝑣𝑣𝑑𝑑𝐴𝐴�2𝑔𝑔(𝐻𝐻1 + 𝐻𝐻2

3
     Eq. 5 

where b is the width of the rectangle, H1is the water above the bleeder (v-notch) and H2 is the 

height of the bleeder. These equations are only valid for depths within the weir.   
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CHAPTER 5: RESULTS AND DISCUSSION 

Flow Estimates 

The temperature at the cell inlets, observation wells, and outlet characterizes the 

movement of water and changes in effluent temperature. The highest peak is the first flush of 

water that has absorbed much of the heat that is stored in the pavement prior to the storm. The 

temperature in the wells responds as the warm water infiltrates, and finally the outlet temperature 

rises and falls with the passing of the peak of flow, shown in Figure 7. 

 
Figure 7: changes in effluent temperature from June 14, 2016 
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The same set of events in terms of flow is shown in Figure 8. Regrettably, the northmost 

inlet of cell 6 was non-operational for this event. The listed values for total inflow volume and 

assumed exfiltration are both underestimates. Visible are two distinct events, the first flow peak 

(Figure 8) at 12:15 pm is also visible in the effluent temperature (Figure 7) at 29.6°C. The lag 

between the first inlet and outlet flows is approximately 45 minutes.  

 
Figure 8: Inlet and outlet hydrographs from June 14, 2016 

Ten events (summarized in Table 2) produced sufficient data to evaluate the performance 

of the cells in a manner similar to the June 14, 2016 events. Three events could not be fully 

analyzed for volumetric performance because a sensor (either CRO1 or CRO3) was non-

operational. The assumed exfiltration, denoted by an *, is then an underestimate for events 9 and 

10 for which CRO1 (the upstream-most sensor) was nonoperational. This also results in an 

overestimated curve-number. In event 10, the outlet flowrate exceeded depths for which the 

compound weir equation was still valid. It is likely that the flow was pressurized and more water 

exited than is reflected in the calculation, in which case the exfiltration may be overestimated. 

There is no correction for this error, because the flow rates are outside the instrumental range. 

For event 4, CRO3 was non-operational, resulting in negative exfiltration estimates. 

Since the curb inlet for CRO3 is nearly halfway down the slope, it intercepts more water than 

CRO1 so that volumetric estimates are unreasonable and no curve number was calculated. The 
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event remains in the dataset because the outflow estimates from CRO6 provide thermal and 

exeunt volume information. The thermal reduction for all events, including 4, 9 and 10, remains 

representative as the values are calculated based on maximum average values.  

The curve numbers for the cells are listed in Table 3, and the median of these was used in 

final area-weighted curve number for the sub-watershed. The design area-weighted curve number 

was calculated as 77.7, and the empirical CN is 77.4. For reference, within HSG B, the CN for ¼-

acre residential lots is 75 and close-seeded straight-row crops is 77. The close proximity indicates 

that the hydrologic performance of this system was accurately predicted and that the sub-

watershed behaves more similarly to residential lots or farmland than highway. The lowered 

curve number indicates that the increased storage allows the catchment to behave according to 

pre-200’s condition, but does not restore it completely to historic 1800’s prairie behavior. 

On several occasions, flow was observed in the dropshaft seeping from the vertical and 

junction joints, indicating shallow groundwater flow was heavily influenced by the exfiltration 

from the cells. The time and duration of the shallow groundwater response cannot be 

characterized, but the response in and of itself indicates that the surface and groundwater remain 

coupled in a physically sound manner.  

Table 3: Ten 2016 summer events for effluent temperature and flow estimates 

 From To  % Exfiltrated Thermal reduction, 
°C CN 

1 4/28/2016 8:00 4/29/2016 00:000 95 1.1 73.3 
2 4/30/2016 7:00 4/30/2016 21:00 61 0.2 23.2 
3 5/1/2016 15:00 5/1/2016 22:00 97 0.7 60.3 
4 5/27/2016 15:00 5/28/2016 6:00 NA 4.5  
5 5/31/2016 15:00 6/1/2016 1:00 97 4.7 41.0 
6 6/4/2016 1:00 6/4/2016 4:00 98 3.8 55.1 
7 6/4/2016 18:00 6/4/2016 23:00 89 5.2 84.9 
8 6/11/2016 1:30 6/11/2016 4:30 97 4.9 60.8 
9 6/14/2016 11:00 6/15/2016 6:00 52* 7 27.5 
10 6/21/2016 22:00 6/22/2016 12:00 71* 4.5 6.9 

 AVERAGE  66.5 3.7 55.1(med) 
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First Flush Devices and Grab-Samples 

As of July, 3 suites of grab samples have been processed. None of the outlet 

concentrations are above the maxima listed in the Iowa Surface Water Quality Standards, 

ISWQS.Only the 5/28/2016 event is a full suite containing all inlets, outlet, wells, and analysis 

for all pollutant constituents. The 5/13/2016 event has all analyses, but no values for CRO1, 

CRO6 or wells. The 5/2/2016 event has all inlets and outlet, but does not have samples from the 

wells or analysis for TSS, hexane extractable materials or total hydrocarbons. The values listed in 

Table 5 represent population ranges n=1-3 for inlets, n=1 for wells, and n=1-2 for the outlet. 

The concentrations of E. coli, chloride, total phosphorus, sulfate, TSS, hexane extractable 

materials and total hydrocarbons decrease from the average inlet value to the outlet (downslope), 

but have not been statistically evaluated for significance because of the small populations. There 

is some inconsistency in the downslope trend for these pollutants within the observation wells. E. 

coli and chloride decrease downslope as expected, suggesting that these constituents are either 

sorbed onto the media, deactivated (in the case of E. coli), or potentially exfiltrated into the 

surrounding soil. Total phosphorus, TSS, and total hydrocarbons (specifically motor oil) increase 

from CRW1 to CRW2, but the CRO6 (exit) values are lower than CRW2. This downslope-

increasing pattern is consistent for the isolated 5/28/2016 event as well.  

The difference in collection times (about 15 minutes from CRO6 to CRW1, and 15 

minutes again from CRW1 to CRW2) does not indicate a source of error, as the timing between 

all station collection was approximately 15 minutes. The inconsistency in concentrations could be 

indicative of some pollutant accumulation in the downstream-most portion of the cells. The 

downstream-most concentrations would be reflected by the observation well values, but not in the 

outlet values because the underdrain runs the entire length of the cell. Finally, the inconsistency 

may be an artifact of well installation—either that the observation wells are not flushed between 

events, or that the bentonite seal is encouraging accumulation. 
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Table 4: Summary of pollutant loading characteristics 

Station ID E. coli  Chl. Sulf.  NOx   OP TP TSS  HEM Gas MS Ker. Dies. M. oil T. HC 
AVERAGE in 609.54 62.00 20.96 0.53 0.26 0.53 208.80 7.50 <100 <100 <100 <100 2436.67 2463.00 

CRW1 200 18 27 0.47 0.34 0.83 52 <5.0 <100 <100 <100 <100 300 300 
CRW2 <100 8.1 13 0.29 0.79 1.5 110 <5.0 <100 <100 <100 <100 370 370 

AVERAGE out 60.00 16.00 25.50 0.59 0.29 0.51 28.00 <5.0 <100 <100 <100 <100 300.00 300.00 
 

E. coli - Escherichia coli , [MPN]/100 mL 

Chl. - Chloride, mg/L 

Sulf. – Sulfate, mg/L 

NO2 – Nitrate and nitrite (as nitrogen), mg/L 

OP – Orthophosphate (as phosphorus, mg/L 

TP – Total phosphorus, mg/L 

TSS – Total suspended solids, mg/L 

HEM – Hexane extractable materials, ppm 

Gas – Gasoline, μg/L 

MS – Mineral spirits, μg/L 

Ker – Kerosene, μg/L 

Dies – Diesel Fuel, μg/L 

M. oil – Motor oil, μg/L 

T. HC – Total hydrocarbons, μg/L 

 

The concentration of sulfate, nitrite/nitrate, and orthophosphates increases from average inlet to average outlet values. This is a common 

phenomenon in systems that have been fertilized. Against recommendations for establishing native vegetation, the cells were hydro-mulched 

during the month of May, which is a likely source of the nutrients. As the vegetative system grows, the nutrient export should decrease if no 

additional fertilizer is added to the system. Similar inconsistencies between the wells and the outlet exist: the sulfate and nitrite/nitrate 

concentrations decrease downslope between the wells while the inlet and outlet values increase downslope. The concentration of orthophosphate
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increases both between wells and from inlet to outlet. None of these constituents are governed by 

the ISWQS, but they are of interest in light of the overall nutrient export from the state of Iowa. 

The lower detection bounds for the hexane extractable materials and total hydrocarbons 

limit the conclusions regarding these constituents. Concentrations in the total hydrocarbon 

category as well as the hexane extractable materials were at or below detection limit such that the 

only identified constituent within the group was motor oil. The values are low for a high traffic-

intensity area. Notably, none of the businesses with direct access to Coral Ridge Avenue are large 

distributors or warehouses, so it is possible that the number of diesel-using engines is lower than 

expected. As the native vegetation begins to develop, it is expected that more microorganisms 

within the soil will develop and thrive, increasing hydrocarbon degradation capacity and 

decreasing still the concentrations in the final outfall. 

The inlet concentrations of E. coli (Figure 9) are generally less than half the literature 

value of 1750 [MPN]/100mL (most probable number per 100 mL) from Pitt, Maestre and 

Morquecho (2014) and the outlet is below the Iowa Surface Water Quality Standard of geometric 

mean below 126 organisms/100 mL. The outlier at CRO3 for the 5/28/2016 event and at CRO2 

for the 5/13/2016 event are likely from roadkill observed within cell 5 during the month of May.  

 

Figure 9: E.Coli values from grab samples 
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The concentrations of chloride (Figure 10) range from a tenth to three times the literature 

value from Pitt et al. of 81 mg/L. The ISWQS for chloride is .389 mg/L for chronic levels and 

629 mg/L for acute violations.  

 
Figure 10: Chloride values from grab samples 
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The concentration of sulfate (Figure 11) ranges 1.5-41 mg/L. No benchmark literature 

values for sulfate in stormwater are available for comparison. Within the given range, the event 

outlet concentrations of 24 and 27 mg/L are near the median value of 23 mg/L. 

 

Figure 11: Sulfate values from grab samples 

The concentrations of nitrite/nitrate (Figure 12) for the 5/13/2016 and 5/28/2016 events 
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Figure 12: nitrite/nitrate (as N) values from grab samples 
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The orthopohospate levels and total phosphorus levels, (Figure 13 and Figure 14, 

respectively) are the same order of magnitude as the literature values (OP=0.16,  (Wu, Allan, 

Saunders, & Evett, 1998)), (TP=0.26, (Pitt, Maestre, & Morquecho, 2004)), but do not display 

any physical trends worth noting 

 
Figure 13: Orthophosphate (as P) values from grab samples 

 
Figure 14: Total Phosphorus (as P) values from grab samples 
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consistently below during the 5/28/2016 event. The general decrease could be that the sediments 

applied throughout the winter have finally flushed through the system by the end of May. The 

high concentrations at CRO1 have already been explained in the context of chloride—there is a 

nontrivial quantity of sediment trapped behind the weir. Since the pipe slope is 0.4% and the inlet 

is at the top of the watershed, the flow velocity required to entrain and clear all the sediment at 

CRO1 may never occur.  

 

Figure 15: Total Suspended Solids values from grab samples  
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS 

The bioswales on the west side of Coral Ridge Avenue generally reduce the effluent 

temperature of an event by 3.7°C, with greater thermal reductions observed in higher ambient air 

temperature. Performance, as indicated by curve number (77.4) is close the predicted value of 

77.7, but the bioretention system does not return the project area to pre-development conditions. 

The pollutant concentrations from 3 sampled events through the month of May indicate 

that the stormwater runoff from the roadway is typical for a high-intensity thoroughfare. There is 

removal of E. coli, chloride, sulfate, TSS, and total hydrocarbons while nutrient loading from 

nitrite/nitrate, orthophosphates, and phosphorus exports are higher than inlet loading. This 

nutrient export may decrease as the vegetation develops deeper roots and can take in more 

nutrients. The export of nutrients is attributed to fertilizer added during the month of May to help 

establish vegetation.  

Of the cell inlets, CRO3 is the most representative station as it most often contains 

pollutant concentrations nearest the mean inlet pollutant concentrations. Cell 3, containing CRO4 

and CRO5 is the most representative cell. To examine the first-flush dynamics in detail, and 

ISCO sampler may be used in cell to capture continuous concentrations of pollutants and 

therefore total pollutant mass-loading. Total mass loading, especially for chloride, may be 

especially important in preserving the biota and flora of the system vegetation.  

The given instrumentation is not a year-round setup because of the temperature 

limitations of the sensors. The sensors should be removed at the end of the hydrologic year 

(October) and re-installed after the threat of freezing nighttime temperatures has passed in the 

spring.  
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APPENDIX A: CITY OF CORALVILLE NPDES PERMIT (EXP. 2019) 
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APPENDIX B: IOWA DEPARTMENT OF NATURAL RESOURCES NPDES 

NOTICE 
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APPENDIX C: STATE HYGIENIC LABORATORY WATER QUALITY RESULTS 
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