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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. 
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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 

 



 

19 

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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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 

have a range of 0.4 mg/L. The similar inlet values, are all below the literature value of 0.6 given 

by Pitt et al. (2004) which makes sense given the % impervious area draining into each pipe—no 

nutrients are intentionally applied to impervious surfaces, so the nitrogen levels should be 

consistently low. The 5/2/2016 event was more variable, and the mean value was 0.83 mg/L.  

 

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  

The constituents examined are typical for highway runoff, with some outliers due to 

sedimentation and application of fertilizer. Considering all analytics, CRO3 was nearest the mean 
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concentrations closest to the mean.  
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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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