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1. INTRODUCTION 

Salt Lake City (the City) with assistance from SWCA Environmental Consultants (SWCA) developed and 

executed a study according to a scope of work dated October 15, 2014. The intent of this study was to 

address patterns of dissolved oxygen (DO) in the lower Jordan River and increase the overall 

understanding of the health of the river. The project consisted of three monitoring tasks designed to 

provide data for evaluating the following: 

1. Variation in DO concentrations at cross-sectional profiles in the Jordan River at seven locations 

along its length during dry, spring runoff, and storm hydrologic conditions. This task also 

assessed the representativeness of current in situ DO probe measurements. (I.e., are the 

measurements made by these DO probes representative of the entire water column?) 

2. Chemical source inputs to the Jordan River during storm events, specifically urban stormwater 

versus tributary stormwater. 

3. The effect of sediment suspension on water column DO and the effects of different sediment 

compositions on DO. 

Monitoring task results were previously documented in a series of memoranda submitted to the Utah 

Division of Water Quality in 2014 and 2015. This report aims to summarize those findings through a 

more holistic lens and provide recommendations for additional data collection that will enhance our 

collective understanding of DO dynamics in the Jordan River. Major findings and recommendations from 

this study are presented as bolded text throughout the report and are summarized in Section 3 and Section 

4. Sampling location maps are provided in Appendix A. Datasheets for each monitoring task are provided 

in Appendixes B, C, and D. Chain of custody forms are provided in Appendix E. Laboratory analysis 

reports are provided in Appendix F.   

1.1. Sampling and Analysis Plan 

A sampling and analysis plan (SAP) was developed prior to field sampling, and presents in detail the 

approach and procedures to implement water chemistry sampling activities on the Jordan River in 2014 

and 2015. The purpose of the SAP was to define the personnel, sampling locations, sampling frequency 

and schedule, sampling collection methods and analysis, data management, and quality assurance and 

quality control procedures for each monitoring task to complete the requirements of the scope of work as 

agreed upon between the City and SWCA. The SAP provides a detailed road map for all aspects of the 

project to ensure its successful completion. Any changes to the SAP that occurred throughout the course 

of the project are noted in the final version, which will be submitted along with this report.  

2. MONITORING TASKS 

The three monitoring tasks that compose the study consisted of 12 total sampling events, 10 of which 

were completed in 2014 and 2015. Table 1 presents a completion summary of the monitoring tasks and 

associated events. Two sampling events (one in Task 1 and one in Task 2) were not completed due to 

difficulty in the timing of storms. A memorandum was developed to document each sampling event and 

includes the methodology, results, and conclusions specific to that event. All 10 memoranda have been 

submitted to the Utah Department of Environmental Quality, Division of Water Quality, and are listed in 

the Literature Cited section of this report.  
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Table 1. Completion Status for the Monitoring Tasks 

Monitoring Task Year Sampling Event Status Completion Date Notes 

1 ï DO Profiling 2014ï2015 Dry weather 1 Complete November 6, 2014  

Dry weather 2 Complete July 16, 2015  

Spring runoff  Complete June, 23, 2015  

Storm event 1 (first major storm) Complete April 8, 2015  

Storm event 2 (second major storm) Complete September 16, 2015  

Storm event 3 (minor storm) Did not complete ï Difficulty in storm timing 

2 ï Stormwater 
Sampling 

2015 Spring runoff storm (AprilïMay) Complete April 13, 2015  

Major storm 1 Complete October 17, 2015  

Major storm 2 Did not complete ï Sampling equipment was deployed in early 
November to capture a third storm; 
however, rainfall was insufficient to 
increase flow. No samples were collected. 

3 ï Sediment 
Suspension Sampling 

2015 Known dredging operations Complete March 4, 2015  

Spring agitation experiment Complete June 29, 2015  

Summer agitation experiment Complete August 26, 2015  
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2.1. Monitoring Task 1 ï Dissolved Oxygen Profile 
Sampling 

Five DO profiling sampling events were conducted at seven sites along the Jordan River from 2014 to 

2015: 1) 3300 South, 2) 2100 South, 3) 1300 South, 4) 800 South, 5) 300 North, 6) Redwood Road, and 

7) Center Street (see Figures A-1 through A-4 in Appendix A). For sampling event dates, see Table 1. For 

a full description of sampling procedures, please see the SAP (SWCA 2014a) and associated memoranda 

(SWCA 2014b; SWCA 2015a, 2015b, 2015c, 2015d). DO measurements (concentration and percent 

saturation) were taken at two depths (near surface and near bottom) at each of three locations across the 

river channel (Figure 1) using a YSI ProSeries Optical DO Probe.  

 

Figure 1. Cross-section schematic of the Jordan River illustrating approximate locations of dissolved 
oxygen measurements.  

2.1.1. Profile Data 

A summary of DO concentration data collected at each site during each sampling event is provided in 

Table 2. The lowest DO concentration recorded was 4.67 milligrams per liter (mg/L) at the 300 North site 

on July 16, 2015. The highest measurement was 10.97 mg/L recorded at 3300 South on June 23, 2015. No 

violations of the acute DO standard (4.0 mg/L or 4.5 mg/L) occurred at any time throughout the 

sampling period. Using the profile data, mean DO was calculated at each site during each sampling event 

and is presented in Table 2 and Figure 2. Mean DO reflected values similar to the profile data in that the 

maximum mean DO occurred at 3300 South in June 2015 and the minimum mean DO occurred at 300 

North in July 2015.  

Also provided in Table 2 is the coefficient of variation (CV) for each set of profile measurements. 

Generally speaking, the CV was less than 1% of the profileôs mean DO concentration (i.e., there is very 

little variability within each profile) at the majority of the sites, indicating that the river is well mixed 

throughout the profile. In only five instances was the CV greater than 1%, and the highest CV recorded 

was 4.3% at the Redwood Road site in July 2015.  
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Table 2. Dissolved Oxygen Concentration across the River Profile at Each Site during Each Sampling Event  

Date Sampling Location L1 (mg/L) L2 (mg/L) M1 (mg/L) M2 (mg/L) R1 (mg/L) R2 (mg/L) Coefficient of 
Variation (%) 

Mean DO 
(mg/L) 

11/06/14 3300 South 10.2 10.2 10.2 10.2 10.3 NM 0.4% 10.22 

2100 South 8.48 8.16 NM NM 8.32 8.31 1.4% 8.32 

1300 South 8.37 8.37 8.39 8.37 8.39 8.37 0.1% 8.38 

800 South 8.3 8.27 8.3 8.3 8.32 8.31 0.2% 8.30 

300 North 8.25 8.2 8.22 8.17 8.22 8.21 0.3% 8.21 

Redwood Road 8.11 8.09 8.09 8.08 8.12 8.12 0.2% 8.10 

Center Street 8.45 8.41 8.45 8.41 8.53 8.54 0.6% 8.47 

04/08/15 3300 South 8.29 NM 8.32 NM 8.4 NM 0.6% 8.34 

2100 South 7.12 7.09 NM NM 6.99 6.96 0.9% 7.04 

1300 South 7.26 7.23 7.3 NM 7.29 NM 0.4% 7.27 

800 South 6.69 NM 6.74 NM 6.69 NM 0.4% 6.71 

300 North 7.22 NM 7.15 NM 7.39 NM 1.4% 7.25 

Redwood Road 7.5 7.44 7.4 7.39 7.41 NM 0.5% 7.43 

Center Street 7.99 7.97 7.96 8 8.02 NM 0.3% 7.99 

06/23/15 3300 South 10.89 NM 10.92 10.88 10.97 NM 0.3% 10.92 

2100 South 7.42 NM NM NM 7.48 7.46 0.3% 7.45 

1300 South 6.24 NM 6.11 6 6.15 NM 1.4% 6.13 

800 South 6.12 NM 6.12 6.09 6 6 0.9% 6.07 

300 North 5.52 5.52 5.5 5.46 5.47 NM 0.5% 5.49 

Redwood Road 6.14 6.1 6.08 6.01 6.11 NM 0.7% 6.09 

Center Street 5.9 5.85 5.83 5.83 5.87 NM 0.5% 5.86 
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Table 2. Dissolved Oxygen Concentration across the River Profile at Each Site during Each Sampling Event  

Date Sampling Location L1 (mg/L) L2 (mg/L) M1 (mg/L) M2 (mg/L) R1 (mg/L) R2 (mg/L) Coefficient of 
Variation (%) 

Mean DO 
(mg/L) 

07/16/15 3300 South 7.75 7.74 7.7 7.71 7.75 NM 0.3% 7.73 

2100 South 7.52 7.48 NM NM 7.66 NM 1.0% 7.55 

1300 South 5.55 5.53 5.58 5.55 5.49 NM 0.5% 5.54 

800 South 5.11 5.1 5.14 5.12 5.17 5.13 0.4% 5.13 

300 North 4.79 4.7 4.71 4.67 4.69 4.67 0.9% 4.71 

Redwood Road 5.34 5.3 5.3 4.75 5.28 NM 4.3% 5.19 

Center Street 5.75 5.76 5.72 5.71 5.76 NM 0.4% 5.74 

09/16/15 3300 South 7.49 7.46 7.44 7.44 7.43 NM 0.3% 7.45 

2100 South 7.14 7.12 NM NM 7.34 NM 1.4% 7.20 

1300 South 7.28 7.29 7.31 7.3 7.32 7.28 0.2% 7.30 

800 South 7.1 NM 7.14 7.16 7.05 7.06 0.6% 7.10 

300 North 6.83 6.84 6.78 6.76 6.78 NM 0.5% 6.80 

Redwood Road 6.77 6.75 6.86 6.86 6.77 6.78 0.7% 6.80 

Center Street 6.76 NM 6.73 6.71 6.71 6.72 0.3% 6.73 

NM = Not measured due to safety concerns such as high water. 

Shading indicates the maximum and minimum DO values recorded throughout the sampling period.  
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Figure 2. Mean dissolved oxygen by date and site. 
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2.1.1.1. SPATIAL TRENDS IN DISSOLVED OXYGEN 

Spatial trends in DO were not immediately clear. In general, there was a decrease in DO concentration 

from upstream to downstream in that measurements at 3300 South were always higher than measurements 

at Center Street. However, when trends were examined on a site-by-site basis, both increases and 

decreases in DO concentration were observed in the downstream direction (see Figure 2). When averaged 

by site across each sampling event, DO concentration decreased downstream until 300 North and then 

increased to Center Street (Figure 3). Explaining variation in DO concentrations between each site is 

difficult due to the complex interaction of the various factors affecting DO concentration in the lower 

Jordan River. It is possible that the general decrease in DO in the downstream direction may be a result of 

increasing oxygen demand by sediments; however, because this trend is not consistent among all sites 

(i.e., in some cases an increase in DO is observed in the downstream direction) and among all profiling 

events, there are clearly other affecting factors. 

 

Figure 3. Mean dissolved oxygen by site across all 
sampling events.  

What is consistent is a drop in DO between 3300 South and 2100 South during every sampling event, 

with DO decreasing in values ranging from 0.18 mg/L in July to 3.46 mg/L in June. This decrease occurs 

despite the effect of reaeration by the radial gates at the Surplus Canal diversion (Figure 4). The 

consistent drop between these two sites indicates a DO sink between the two locations. Considering that 

the only major tributary to the Jordan River between these two sites is Mill Creek, it is possible that the 

creek is contributing low DO water or high DO-demanding substances to the Jordan River. There is 

some visual evidence of such a contribution (Figure 5), but additional measurements are needed to 

support this hypothesis. The evidence of a lack of mixing of the dark plume with the river is contrary to 

the evidence of a well-mixed river observed with the data and may be due to temperature differences. 
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Figure 4. Additional sampling locations and dissolved oxygen measurements during Profiling 
Event #1 (SWCA 2014b).  
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Figure 5. The confluence of the Jordan River and Mill Creek. 

2.1.2. Wet and Dry Sampling Events 

When examined by type of sampling event, mean DO (across all sites) was highest during the dry 

November sampling event (8.57 mg/L) and lowest during the dry July sampling event (5.94 mg/L) 

(Figure 6). This pattern holds when examining data at each site during each event (Figure 7). Across all 

sites, DO is generally highest in the dry November sampling event and lowest during the dry July 

sampling event (see Figure 7). These results indicate that storm events are not solely responsible for 

decreases in DO concentration. Low DO concentrations may occur during storm events but may also 

occur during dry baseflow periods of the warmer summer months as well. 
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Figure 6. Mean dissolved oxygen by sampling event across all sites. Bars represent one standard 
deviation from the mean.  

 

Figure 7. Dissolved oxygen concentration at each site during each of the five sampling events.  

2.1.3. Jordan River/Farmington Bay Water Quality Council 
Probe Measurements 

Five of the DO profiling sampling locations (3300 South, 2100 South, 800 South, 300 North, and Center 

Street) are co-located with the Jordan River/Farmington Bay Water Quality Council (JR/FBWQC) in situ 

water quality probes (see Figures A-1 through A-4 in Appendix A), allowing for direct comparison 

between manual DO measurements and in situ probe measurements (Figure 8).  
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Large differences were observed between manual DO measurements and JR/FBWQC probe 

measurements at most sites when comparisons were possible (Table 3). The relative percent difference 

between manual measurements and JR/FBWQC probe measurements ranged from 2% to 52% and 

averaged approximately 18%. Manual DO measurements were on average, approximately 1.5 mg/L 

lower than adjacent in situ probes. This large difference in measurements may be due to calibration 

issues or sensor drift, or perhaps to the influence of algae on the sensor housings (Figure 9). The latter 

hypothesis is plausible because JR/FBWQC probes generally measured higher than SWCAôs probes, an 

expected result if there were a localized increased flux of oxygen to the probes from algal photosynthesis 

on the sensor housing. This hypothesis could further be supported through nighttime measurements, 

where the expected result would be that JR/FBWQC probes would measure lower DO concentrations than 

SWCAôs probes, due to increased localized respiration from algae on the sensor housings. 

 

 

Figure 8. Dissolved oxygen measurement near the JR/FBWQC probe at the 800 South site.  
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Table 3. Comparison between the Jordan River/Farmington Bay Water Quality Council and 
Manual Dissolved Oxygen Measurements 

Sampling 
Location Date 

JR/FBWQC DO  
(mg/L) 

Mean DO
*
  

(mg/L) 
Relative Percent  
Difference 

2100 South 11/06/14 9.38 8.32 12% 

04/08/15 8.90 7.04 23% 

06/23/15 10.71 7.45 36% 

07/16/15 10.22 7.55 30% 

09/16/15 8.24 7.20 13% 

300 North 11/06/14 9.46 8.21 14% 

04/08/15 NA 7.25 ï 

06/23/15 6.80 5.49 21% 

07/16/15 5.17 4.71 9% 

09/16/15 NA 6.80 ï 

3300 South 11/06/14 9.12 10.22 11% 

04/08/15 9.76 8.34 16% 

06/23/15 15.25 10.92 33% 

07/16/15 13.21 7.73 52% 

09/16/15 8.58 7.45 14% 

800 South 11/06/14 NA 8.30 ï 

04/08/15 NA 6.71 ï 

06/23/15 6.58 6.07 8% 

07/16/15 5.67 5.13 10% 

09/16/15 NA 7.10 ï 

Center Street 11/06/14 NA 8.47 ï 

04/08/15 NA 7.99 ï 

06/23/15 NA 5.86 ï 

07/16/15 6.05 5.74 5% 

09/16/15 6.57 6.73 2% 

Notes: NA = not available. Shading represents relative percent difference values from low (green) to high (red).  
*
Mean DO represents the average of the profile data at each site. 
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Figure 9. Jordan River/Farmington Bay Water Quality Council probe located at 2100 South. 

2.2. Monitoring Task 2 ï Stormwater Sampling 

Two stormwater sampling events were conducted at two sites along the Jordan River: 1) Mill Creek and 

2) Little Cottonwood Creek in April and October of 2015 (Figures A-3 and A-4 in Appendix A). 

Stormwater sampling at a third site (stormwater outfall at 600 South) was planned; however, due to 

logistics and the magnitude of the storm event, sampling did not occur on either occasion (see SWCA 

2015e and SWCA 2015f for details). For a full description of sampling procedures, please see the SAP 

(SWCA 2014a) and associated memoranda (SWCA 2015e, SWCA 2015f). Briefly, for each event 

Teledyne Isco autosamplers were set up at the two locations (Figure 10) and programmed based on the 

expected duration of the storm. Samples were collected the following day and transported on ice to 

American West Analytical Laboratories for analysis.  

Flow data for Mill Creek and Little Cottonwood Creek were obtained from Salt Lake County (Salt Lake 

County 2015a, 2015b), and precipitation data were obtained from Wunderground, station KUTSALTL87 

(Weather Underground 2015a, 2015b). Because the Mill Creek sampling site is approximately 1,000 feet 

downstream of the Central Valley Water Reclamation Facility (CVWRF), discharge and water chemistry 

data were requested from the CVWRF for the sampling time period to correct for loads derived from 

wastewater effluent versus loads derived from the watershed.  
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Figure 10. Teledyne Isco autosampler stationed at Little Cottonwood Creek to capture data during the 
October 18ï19, 2015, storm.  

2.2.1. Flow 

The first stormwater sampling event occurred April 14ï15, 2015. The storm event initially consisted of 

rainfall (approximately 0.2 inch per hour) but transitioned into snowfall throughout the night (Figure 11). 

The second stormwater sampling event occurred October 18ï19, 2015. The storm event consisted of light 

rainfall (approximately 0.04 inch per hour), with a total event accumulation of 0.22 inch (Figure 12). 

Maximum flows during the April event were 77 cubic feet per second (cfs) for Little Cottonwood Creek 

and 179 cfs for Mill Creek. For the October event, maximum flows were 70 cfs for Little Cottonwood 

Creek and 137 cfs for Mill Creek. Discharge from the CVWRF accounts for nearly half of the flow in 

Mill Creek; otherwise, the flows in the two creeks are very similar. 
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Figure 11. Hydrographs and hyetographs for the April 14ï15, 2015, storm event. The shaded region 
represents the time period of water chemistry sampling.  

 

Figure 12. Hydrographs and precipitation for the October 18ï19, 2015, storm event. The shaded region 
represents the time period of water sampling. 
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2.2.2. Water Chemistry 

2.2.2.1. APRIL EVENT 

Little Cottonwood Creek and Mill Creek were markedly different in both magnitude and timing of 

concentrations in measured water chemistry analytes. Generally, Little Cottonwood Creek exhibited a 

stronger water chemistry response to storm flows than did Mill Creek, where biochemical oxygen demand 

(BOD), carbonaceous biochemical oxygen demand (cBOD) (which is the BOD less demand from 

nitrogenous bacteria), total organic carbon (TOC), and total Kjeldahl nitrogen (TKN) all increased to 

maximum values near the peak flow of the storm event. This increase is in contrast to concentrations in 

Mill Creek, which did not appear to increase to maximum values near peak storm flow. Instead, 

concentrations in Mill Creek generally stayed consistent throughout the storm event (see Figure 13). In 

both creeks, concentrations for nitrate and nitrite (NO3/NO2) and total phosphorus (TP) stayed relatively 

consistent throughout the storm event. 

Note that all values for cBOD from Mill Creek were reported as below detection limits and are not shown 

in Figure 13. BOD from Mill Creek also had strange behavior, and was below detection limits for four 

samples. These low BOD and cBOD values are potentially attributable to measurement errors at 

American West Analytical Laboratories, which noted low matrix spike recovery rates for each cBOD 

sample from Mill Creek. 
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Figure 13. Hydrographs and pollutographs for the April 14ï15, 2015, storm event. 
Where points are displayed as 0 on the concentration axes, they were below the 
detection limit. All cBOD sample concentrations for Mill Creek were lower than 
detection limits and are not displayed.  

2.2.2.2. OCTOBER EVENT 
 

Generally speaking, Mill Creek exhibited higher concentrations of most analytes, including total TKN, 

NO3/NO2, and TP (Figure 14 and 15). The exception was TOC, for which Li ttle Cottonwood Creek had 

higher concentrations. Note that all values for cBOD from Mill Creek and Little Cottonwood Creek were 

reported as below detection limits, and BOD in both tributaries was detected in only one sample per 

tributary.  
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Little Cottonwood Creek exhibited a more apparent water chemistry response to flow than did Mill Creek, 

in that BOD, TOC, and TP increased to maximum values near the peak flow of the storm event and 

nitrate generally decreased to minimum values near peak flow (see Figure 14). These trends are in 

contrast to concentrations in Mill Creek, where only TOC increased in response to flow. Nitrate, TKN, 

and TP appeared to decrease with increasing flow (see Figure 15). 

 

Figure 14. Hydrographs and pollutographs for the October 18ï19, 2015, storm event 
for Little Cottonwood Creek. Where points are displayed as 0 on the concentration 
axes, they were below the detection limit. All cBOD sample concentrations were lower 
than detection limits and are not displayed.  
























