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EXECUTIVE SUMMARY 

Illinois River Water Quality 

Automatic Sampler Installation 

The objectives of this study are two fold. The first being to determine the pollution load in the Illinois 

River's main channel at the Arkansai;/Oklahoma state line. The second is to determine whether Lake 

Frances is contributing to the nutrient loads in the river. 

Sampling stations were located upstream and downstream from Lake Frances which happens to be 

on either side of the Arkansas/Oklahoma state line. The upstream station was located where Arkansas 

Highway 59 crosses the Illinois River, and the downstream station was located where U.S. Highway 59 

crosses the Illinois River in Oklahoma. The Oklahoma station is frequently referred to as the Watts station 

because it is located near the town of Watts, Oklahoma. 

A USGS flow gauging statilt>n was located at each sampling station. The USGS performed flow 

monitoring at both stations. Automated samplers were used for sample collection. Once a week, the 

sampler was triggered manually to ccillect a grab sample. During storm events, additional samples were 

collected. The number of samples cqllected depended on the intensity and duration of the storm. 

The sampling period for thi<J project was from September 13, 1995 to September 15, 1996. There 

were one-hundred thirty samples coll~cted at the Arkansas station and ninety-four samples collected at 

Oklahoma station. These samples were tested for Ammonia, Nitrates, Total Kjeldahl Nitrogen, Total 

Phosphorus, Total Suspended Solids,:and Total Organic Carbon. Table 1 shows the average concentration 

of the each parameter at both the Arkansas and Oklahoma station. A one tailed T-Test at an alpha of0.05 

was performed to determine whether parameter values were significantly larger in Oklahoma then in 

Arkansas. 



Table 1. Average Concentrations, Pi::rcent Difference Calculations, and T-Tests 

Nutrient Averag Average Percen 
Arkansas Oklahoma Differen 

Concentration Concentration (%) 
{mg/L) (mg/L) 

N0 3 -N 2.13 1.98 -7.30 

NH1 -N 0.03 0.05 +50.0 0.038 

TKN 0.68 0.72 +5.71 0.268 

TP 0.28 0.33 +16.4 0.059 

TSS 61.9 95.3 +42.5 0.00013 

TOC 3.54 3.64 +2.79 0.422 

The t-tests were performed by using the software Microsoft Excel. A lower value indicates that 

there is significant enough difference between the two values being compared to conclude the values are 

different. A significance level of0.05 was used for the one-tailed test. 

The results indicate that at an a of 0.05 there is not sufficient evidence to conclude the upstream 

and downstream concentrations for NO3-N, TKN, TP, and TOC are different. The results also indicated 

that at an a of 0.05 there is sufficient evidence to conclude that the upstream and downstream 

concentrations for NH 3-N and TSS are different. The percent difference calculations agree with the results 

from the t-tests. The percent difference of 16.4% and t-test result of0.059 for TP give borderline results as 

to whether a difference exists in the upstream and downstream TP concentrations. 
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Tables 2 and 3 show the total yearly flow, total yearly load and total flow weighted average concentration 

of all parameters at both the Arkansas and Oklahoma stations. 

Table 2. Total Flows, Total Loads, and Average Calculated Concentrations for Arkansas 

'N'utrients Total Flow Total Load -Average ;.! 

(ft3/yr) (kg/yr) Flo"V Weighted 
Concentration~ 

(fug/L) -~ 
N0 3 -N 2,675,263 550,000 2.0 

NH 1 -N 2, 75,263 8,530 0.031 

TK.N 201,000 0.74 

TP 89,900 0.33 

TSS 5,263 27,500,000 IOI 

TOC 5,263 1,130,000 4.2 

Table 3. Total Flows, Total Loads, and Average Calculated Concentrations for Oklahoma 

-• A ve'l,;age/ 
ow Weighted 
• ncentrafions 

(mg/L) 
N0 3 -N 3,759,080 2.1 

NH 3 -N 3,759,080 19,100 0.050 

TK.N 3,759,080 269,000 0.70 

TP 3,759,080 122,000 0.32 

TSS 3,759,080 36,000,000 94 

TOC 3,759,080 1,520,000 4.0 
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A comparison of pollutant concentrations above and below Lake Frances showed some increase in 

the average concentrations for all parameters except NOrN . However, the results obtained from at-test 

analysis indicate there is not sufficient evidence at an a of0.05 to conclude that the concentrations for 

NO3-N, TKN, TP, and TOC upstream and downstream from Lake Frances are different. The t-test results 

also indicate that there is sufficient evidence at an a of 0.05 to conclude that the concentrations for NH 3-N 

and TSS upstream and downstream from Lake Frances are different. The flow weighted average 

concentrations show that the differences in parameter values for NO3-N, TKN, TP, and TOC is only 5% or 

less between Arkansas and Oklahoma which supports the concept that there is probably no significant 

difference between these values. 

Although there was no direct correlation of TP concentrations and TSS concentrations to flow in 

general, high peak concentrations appear to be associated with high peak runoff events. 

A regression analysis performed showed that there was a correlation between TSS concentrations 

and TP concentrations. 
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Introduction 

The Illinois River drainage headwaters are located in Benton and Washington counties in 

Arkansas. The Illinois River has many tributaries serving as receiving streams for non-point source 

discharges and several point source discharges. Figure 1 (pg. 2) shows a map of the Illinois River drainage 

headwaters. In Oklahoma, the Illinois River is considered a scenic waterway which feeds Tenkiller Lake. 

Oklahoma is concerned that nutrient levels from Arkansas are causing eutrophication in Tenkiller Lake. 

Phosphorus has been identified as the primary nutrient of concern. Research is ongoing to determine 

sources and quantities of pollution into the Illinois River. 

The Illinois River flows through Lake Frances which is located on the Arkansas/Oklahoma state 

line approximately five miles south of Siloam Springs, AR. Approximately ten years ago the upper half of 

Lake Frances' dam failed. What was once part of Lake Frances is now a lake bed containing sediments 

deposited over the reservoir's lifetime. Both Arkansas and Oklahoma have expressed concerns as to 

whether or not Lake Frances' sediment deposits are a contributing factor to the Illinois River's nutrient 

levels. 



To 
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Figure 1 Illinois River Drainage Headwaters 



Objective 

The objectives of this study are two fold. The first being to determine the pollution load in the 

Illinois River's main channel at the Arkansas/Oklahoma state•line. The second is to determine whether 

Lake Frances is contributing to the nutrient loads in the river. 

Sampling stations were located upstream and downstream from Lake Frances which happens to be 

on either side of the Arkansas/Oklahoma state line. The upstream station was located where Arkansas 

Highway 59 crosses the Illinois River, and the downstream station was located where U.S. Highway 59 

crosses the Illinois River in Oklahoma. The Oklahoma station is frequently referred to as the Watts station 

because it is located near the town of Watts, Oklahoma. 

A USGS flow gauging station was located at each sampling station. The USGS performed flow 

monitoring at both stations. Automated samplers were used for sample collection. Once a week, the 

sampler was triggered manually to collect a grab sample. During storm events, additional samples were 

collected. The number of samples collected depended on the intensity and duration of the storm. 

The sampling period for thi~ project was from September 13, 1995 to September 15, 1996. There 

were one-hundred thirty samples collected at the Arkansas station and ninety-four samples collected at 

Oklahoma station. These samples were tested for Ammonia, Nitrates, Total Kjeldahl Nitrogen, Total 

Phosphorus, Total Suspended Solids, and Total Organic Carbon. 



Sampling Procedures 

A USGS gauging station was located at each sampling station. Each station was equipped with an 

automated sampler which was used to collect the samples. Each week a manual sample was collected 

during base flow conditions. 

At the Arkansas station, the automated sampler was connected to the USGS gauging station. 

Here, the river's stage was used as the triggering mechanism. During storm events, when the stage height 

reached a pre determined height, the trigger would signal the sampler to begin the sampling process. At 

this point, the sampler would collect a sample approximately one liter in volume. Sampling would 

continue every four hours until the stage dropped back below the pre determined height. Samples were 

retrieved from the sampler within twenty-four hours of the collection of the first sample. 

At the Oklaho~a station, the automated sampler was not connected to the USGS gauging station. 

Atmospheric and flow conditions were monitored using weather forecasts and the USGS predicted 

hydrograph posted on the Internet. Once a storm was anticipated, the predicted hydrograph was consulted 

and a judgment was made whether or not to start the sampling process. The sampling interval and volume 

was the same as the Arkansas station, but the sampling process ended when the samples were retrieved 

within twenty-four hours. This method proved to be adequate resulting in the downstream samples being 

collected approximately one or two hours after the upstream samples. 

Once the samples were collected, they were transported to the Arkansas Water Resource Center 

water quality laboratory for testing. The samples were analyzed according to EPA QA/QC methods. 
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Results 

Once the laboratory analysis was complete, the process of data compilation and data evaluation 

began. Using the results from the lab, spreadsheets were set up for each station with data in columns of 

dates and times, flows, and sample concentrations. The Arkansas and Oklahoma sample data are shown in 

Table 1 (pp. 6-9) and Table 2 (pp. 10-12), respectively. The first and second columns of this table 

describe the date and time that the sample was collected. Columns three through eight are the sample data 

received from the water quality lab. There were thirty-six more samples collected in Arkansas than in 

Oklahoma. The difference in the number of samples can be attributed to the inaccessibility of the 

Oklahoma station during inclement weather, and at the start of the study the Arkansas sampler was 

automatically triggered during storm events and the method of sampling at the Oklahoma station had not 

been established. 

Several values in the data set for the Arkansas sample data were not reported from the water 

quality laboratory. These values were: TP for December 18, 1995 at 03:00 hours, TP for December 19, 

1995 at 15:00 hours, and N0 3 - N for January 18, 1996 at 01:00 hours. Values for these concentrations 

were approximated by averaging the sample values preceding and proceeding the missing value. These 

approximations are shaded in the sample data table. 

Samples collected on May 6, 1996 and May 10, 1996 at the Oklahoma station were considered to 

be contaminated because it was observed that the sampling tube inlet had dropped into the river bottom 

sediment. This observation was confirmed by the extremely high values for TSS reported during these 

dates. Therefore, it was decided to eliminate these samples from any further data evaluation. 

Load Calculations 

Hourly flows provided by the USGS were used to calculate the pollutant loads. In order to 

calculate the loads, it was determined that a weighted flow should be used. Only one manual sample was 

collected each week (low flows), but during storm events (high flows) many samples were collected. 

Therefore, if the storm flow samples were treated in the same manner as base flow samples, that is storm 

flows and base flows were treated as having equal time duration, the loads calculated would be greater than 

what actually existed. For each sample collected, a total flow volume was determined for each 
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Table 1. Arkansas Sample Data 

Arkansas Concentrations 
Date Time NO3-N NH3-N TKN TP TSS TOC 

(hrs) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

~~--~-· 
13-Sep-95 12:00 1.90 0.02 0.40 0.26 12.37 4.52 
20-Sep-95 15:00 1.87 0.03 0.54 0.22 7.90 6.58 
28-Sep-95 13:00 2.20 0.03 0.46 0.25 4.60 3.01 
03-Oct-95 14:00 2.18 0.03 0.57 0.30 7.00 0.75 
03-Oct-95 18:00 2.18 0.04 0.45 0.28 7.15 0.45 
03-Oct-95 22:00 2.23 0.04 0.41 0.29 9.70 0.53 
04-Oct-95 02:00 2.11 0.03 0.46 0.27 5.60 1.39 
04-Oct-95 06:00 2.02 0.03 0.57 0.27 8.50 0.73 
04-Oct-95 10:00 2.17 0.03 0.42 0.28 6.20 2.15 
04-Oct-95 12:00 2.20 0.04 0.42 0.28 7.90 1.87 
11-Oct-95 15:00 2.13 0.04 0.70 0.26 9.20 3.45 
18-Oct-95 14:00 2.11 0.03 0.51 0.24 3.93 2.21 
25-Oct-95 12:00 2.10 0.03 0.51 0.27 2.75 1.48 
01-Nov-95 14:00 1.96 0.01 0.53 0.27 2.95 1.57 
08-Nov-95 14:00 2.01 0.03 0.53 0.30 2.90 2.13 
16-Nov-95 15:00 1.83 0.02 0.55 0.23 3.15 1.45 
22-Nov-95 10:00 1.92 0.03 0.48 0.23 2.40 1.92 
30-Nov-95 12:00 1.98 0.01 0.47 0.25 2.32 2.24 
06-Dec-95 14:00 1.93 0.06 0.62 0.28 4.85 1.07 
13-Dec-95 14:00 2.30 0.02 0.44 0.23 3.35 1.25 
17-Dec-95 23:00 2.18 0.02 0.54 0.24 11.60 1.60 
18-Dec-95 03:00 2.21 0.01 0.68 29.67 0.68 
18-Dec-95 07:00 2.15 0.02 0.53 0.24 20.73 1.44 
18-Dec-95 11 :00 2.12 0.01 0.63 0.34 25.40 2.63 
18-Dec-95 15:00 1.89 0.02 0.61 0.30 37.73 3.12 
18-Dec-95 19:00 1.78 0.02 0.65 0.30 28.40 3.16 
18-Dec-95 23:00 1.77 0.03 0.80 0.26 23.13 2.79 
19-Dec-95 03:00 1.78 0.41 0.56 0.23 22.27 2.91 
19-Dec-95 07:00 1.87 0.09 0.59 0.29 19.87 2.91 
19-Dec-95 11 :00 2.00 0.03 0.70 0.28 64.13 2.90 
19-Dec-95 15:00 2.10 0.01 0.74 63.30 2.82 
19-Dec-95 19:00 2.01 0.04 0.65 0.36 46.95 3.64 
19-Dec-95 23:00 1.83 0.02 0.84 0.25 33.33 3.83 
20-Dec-95 03:00 1.86 0.02 0.77 0.27 29.80 3.77 
20-Dec-95 07:00 1.91 0.02 0.70 0.28 23.53 3.82 
20-Dec-95 11 :00 1.99 0.01 0.70 0.27 19.13 3.64 
11-Jan-96 12:00 2.56 0.03 0.44 0.12 3.20 1.92 
12-Jan-96 07:00 2.56 0.01 0.52 0.13 3.45 0.46 
12-Jan-96 11 :00 2.56 0.01 0.52 0.13 3.00 1.10 
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Table 1. Arkansas Sample Data 

Arkansas Concentrations 
Date Time NO3-N NH3-N TKN TP TSS TOC 

(hrs) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

12-Jan-96 15:00 2.50 0.02 0.59 0.13 2.45 0.78 
12-Jan-96 19:00 2.45 0.01 0.44 0.16 2.55 1.18 
12-Jan-96 23:00 2.46 0.01 0.47 0.14 2.85 0.96 
13-Jan-96 03:00 2.46 0.01 0.58 0.15 3.40 0.99 
15-Jan-96 15:00 2.45 0.01 0.52 0.14 3.35 0.95 
18-Jan-96 01:00 ::::.:t, :aiea::: 0.10 1.28 0.56 102.13 4.97 
19-Jan-96 01:00 3.27 0.02 0.92 0.16 31.30 1.53 
19-Jan-96 05:00 3.39 0.04 0.72 0.15 20.30 1.47 
22-Jan-96 15:00 3.56 0.06 0.58 0.12 11.80 1.07 
22-Jan-96 19:00 3.56 0.01 0.39 0.13 9.00 1.09 
22-Jan-96 23:00 3.57 0.01 0.42 0.12 20.20 1.24 
23-Jan-96 03:00 3.55 0.04 0.49 0.13 9.93 1.15 
23-Jan-96 07:00 3.51 0.01 0.50 0.12 10.00 1.04 
23-Jan-96 19:00 3.56 0.04 0.34 0.11 10.50 0.81 
23-Jan-96 23:00 3.31 0.06 0.48 0.13 10.50 1.12 
24-Jan-96 15:00 3.26 0.07 0.50 0.12 9.85 1.65 
25-Jan-96 15:00 3.06 0.06 0.47 0.05 9.90 1.99 
29-Jan-96 15:00 3.24 0.01 0.26 0.05 7.40 0.53 
06-Feb-96 15:00 3.33 0.01 0.48 0.17 2.27 0.56 
14-Feb-96 15:00 2.73 0.01 0.29 0.05 8.20 1.29 
20-Feb-96 14:00 2.62 0.04 0.36 0.13 16.73 1.55 
01-Mar-96 10:00 2.50 0.02 0.32 0.05 6.65 1.23 
06-Mar-96 15:00 2.57 0.01 0.35 0.19 6.35 1.73 
15-Mar-96 15:00 2.38 0.03 0.48 0.28 3.90 1.61 
20-Mar-96 15:00 2.42 0.03 0.05 0.29 18.30 1.87 
27-Mar-96 13:00 2.14 0.02 0.26 0.40 12.70 0.54 
29-Mar-96 02:00 2.23 0.01 0.45 0.31 24.50 1.67 
29-Mar-96 06:00 2.13 0.01 0.47 0.09 23.30 1.87 
29-Mar-96 10:00 2.03 0.01 0.49 0.09 17.10 2.35 
29-Mar-96 14:00 1.88 0.01 0.50 0.08 17.80 2.78 
29-Mar-96 18:00 1.79 0.01 0.61 0.27 17.00 2.43 
29-Mar-96 22:00 1.87 0.01 0.63 0.08 16.10 2.75 
30-Mar-96 02:00 1.90 0.01 0.57 0.07 13.70 2.67 
30-Mar-96 06:00 1.89 0.01 0.56 0.07 13.00 2.86 
31-Mar-96 14:00 1.88 0.06 0.32 0.15 13.60 3.26 
05-Apr-96 08:00 1.74 0.01 0.45 0.15 278.00 3.09 
12-Apr-96 08:00 1.57 0.02 0.54 0.19 26.60 1.70 
13-Apr-96 05:00 1.65 0.01 0.30 0.19 50.10 1.95 
13-Apr-96 09:00 1.63 0.01 0.49 0.20 62.30 1.59 
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Table 1. Arkansas Sample Data 

Arkansas Concentrations 
Date Time NO3-N NH3-N TKN TP TSS TOC 

(hrs) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

13-Apr-96 17:00 2.07 0.50 2.26 0.73 169.70 5.79 
14-Apr-96 01:00 1.73 0.15 1.27 0.37 64.20 4.72 
14-Apr-96 09:00 1.72 0.06 0.91 0.24 34.40 3.87 
15-Apr-96 01:00 1.81 0.01 0.66 0.18 8.60 3.02 
15-Apr-96 05:00 1.71 0.01 0.53 0.15 22.80 1.97 
19-Apr-96 08:00 1.45 0.01 0.73 0.22 32.80 7.50 
22-Apr-96 04:00 1.80 0.01 2.28 0.83 257.60 9.02 
22-Apr-96 08:00 1.65 0.04 2.55 0.87 338.00 12.47 
22-Apr-96 12:00 1.36 0.01 2.58 0.77 544.20 5.47 
22-Apr-96 18:00 1.60 0.16 3.65 1.49 778.70 12.91 
23-Apr-96 02:00 1.55 0.07 1.85 0.86 563.10 11.15 
23-Apr-96 10:00 1.47 0.05 1.99 0.87 371.40 11.71 
23-Apr-96 20:00 2.02 0.02 1.03 0.35 131.90 8.68 
24-Apr-96 06:00 2.3:: 0.03 0.70 0.27 83.80 5.47 
25-Apr-96 09:00 2.40 0.03 0.75 0.16 49.20 6.80 
25-Apr-96 21 :00 2.44 0.04 0.58 0.18 40.60 7.35 
26-Apr-96 09:00 2.84 0.03 0.43 0.18 27.20 5.87 
27-Apr-96 10:00 2.95 0.04 0.32 0.17 27.10 4.93 
27-Apr-96 22:00 2.65 0.02 0.38 0.14 16.20 5.10 
28-Apr-96 10:00 2.72 0.02 0.36 0.15 11.60 4.74 

03-May-96 10:00 2.01 0.02 0.45 0.21 28.60 6.07 
06-May-96 15:00 2.00 0.04 0.68 0.15 29.50 6.11 
06-May-96 17:00 2.09 0.03 0.48 0.17 30.70 4.54 
06-May-96 21 :00 2.07 0.05 0.43 0.15 41.80 4.98 
07-May-96 01 :00 2.19 0.04 0.55 0.29 56.10 6.80 
07-May-96 05:00 2.05 0.06 0.85 0.40 66.80 8.44 
10-May-96 18:00 1.72 0.04 0.76 0.36 171.40 4.24 
10-May-96 22:00 1.37 0.22 3.88 1.88 1051.80 9.51 
11-May-96 10:00 1.34 0.08 2.88 1.46 771.60 9.17 
12-May-96 10:00 2.01 0.02 0.53 0.28 51.70 5.00 
14-May-96 18:00 2.64 0.01 0.27 0.17 21.20 2.82 
24-May-96 17:00 2.52 0.01 0.41 0.23 62.00 3.99 
31-May-96 08:00 1.67 0.01 1.00 0.27 54.90 14.81 
01-Jun-96 20:00 1.91 0.003 0.71 0.09 65.20 4.92 
02-Jun-96 00:00 2.40 0.014 0.43 0.34 37.80 3.87 
02-Jun-96 04:00 2.52 0.025 0.34 0.31 30.70 3.62 
02-Jun-96 08:00 2.46 0.003 0.35 0.28 24.80 3.24 
06-Jun-96 17:00 1.62 0.014 0.69 0.28 36.10 7.52 
14-Jun-96 09:00 1.89 0.019 0.83 0.27 51.80 12.76 

8 



Table 1 Arkansas Sample Data 

Arkansas Concentrations 
Date Time NO3-N NH3-N TKN TP TSS TOC 

(hrs) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

18-Jun-96 11 :00 1.89 0.004 1.03 0.31 47.00 15.63 
25-Jun-96 10:00 1.79 0.004 0.24 0.27 10.40 3.64 
03-Jul-96 13:00 0.88 0.003 0.92 0.41 83.20 6.25 
12-Jul-96 11 :00 1.58 0.003 0.16 0.29 2.90 2.99 
15-Jul-96 15:00 1.80 0.003 0.22 0.29 19.80 3.29 
24-Jul-96 16:00 1.13 0.006 0.18 0.31 8.80 1.29 

01-Aug-96 14:00 1.34 0.003 0.30 0.11 7.20 1.44 
05-Aug-96 11 :00 1.24 0.040 0.30 0.29 13.10 1.10 
15-Aug-96 14:00 0.98 0.045 0.13 0.28 6.70 1.87 
23-Aug-96 13:00 1.06 0.007 0.19 0.28 6.10 1.67 
30-Aug-96 19:00 1.19 0.003 0.26 0.24 6.50 0.72 
07-Sep-96 11 :00 1.11 0.017 0.24 0.28 3.60 0.05 
15-Sep-96 15:00 1.17 0.009 0.26 0.30 24.40 3.52 

Average 2.13 0.03 0.68 0.28 61.89 3.54 
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Table 2. Okiahoma Sample Data 

Oklahoma Concentrations 
NO3-N NH3-N TKN TP TSS TOG 

Date Time (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

13-Sep-95 12:00 1.73 0.08 0.48 0.29 19.47 3.74 
28-Sep-95 13:00 2.05 0.04 0.48 0.26 13.40 1.36 
04-Oct-95 13:00 2.02 0.04 0.50 0.31 20.16 25.89 
11-Oct-95 16:00 2.00 0.05 0.43 0.24 11.70 1.71 
18-Oct-95 14:00 1.94 0.03 0.52 0.24 11.55 0.55 
25-Oct-95 13:00 1.96 0.04 0.51 0.26 11.50 0.78 
01-Nov-95 15:00 1.86 0.01 0.45 0.25 8.60 0.05 
08-Nov-95 15:00 1.85 0.04 0.49 0.30 12.40 0.96 
16-Nov-95 16:00 1.75 0.02 0.40 0.24 6.47 1.28 
22-Nov-95 10:00 1.79 0.04 0.40 0.25 8.85 1.86 
30-Nov-95 13:00 1.8C 0.30 0.48 0.18 3.25 1.59 
06-Dec-95 15:00 2.06 0.03 0.62 0.26 0.20 2.32 
13-Dec-95 15:00 2.16 0.04 0.43 0.23 3.28 0.05 
18-Dec-95 17:00 2.01 0.02 0.61 0.30 77.13 1.64 
18-Dec-95 21:00 2.07 0.01 0.59 0.23 41.53 1.93 
19-Dec-95 01:00 1.97 0.02 0.59 0.25 44.80 2.15 
19-Dec-95 05:00 1.87 0.01 0.81 0.30 45.27 2.26 
19-Dec-95 09:00 1.81 0.02 0.69 0.35 66.40 2.81 
19-Dec-95 13:00 1.83 0.02 0.72 0.30 72.87 3.31 
19-Dec-95 17:00 1.89 0.01 0.92 0.23 169.20 3.26 
19-Dec-95 21:00 2.07 0.02 0.92 0.30 162.80 3.07 
20-Dec-95 01:00 2.10 0.02 0.88 0.35 107.80 3.28 
20-Dec-95 05:00 1.97 0.02 0.85 0.33 83.47 3.74 
20-Dec-95 09:00 2.03 0.03 0.79 0.26 66.10 3.64 
20-Dec-95 13:00 2.01 0.02 0.79 0.25 50.50 3.53 
15-Jan-96 15:00 2.40 0.03 0.43 0.13 7.85 0.78 
29-Jan-96 16:00 3.24 0.01 0.29 0.05 7.40 0.53 
06-Feb-96 16:00 3.22 0.02 0.30 0.20 1.73 0.48 
14-Feb-96 16:00 2.67 0.02 0.32 0.12 7.70 0.72 
20-Feb-96 15:00 2.73 0.01 0.22 0.12 16.40 1.82 
01-Mar-96 10:00 2.30 0.04 0.38 0.15 7.10 0.57 
06-Mar-96 16:00 2.32 0.03 0.38 0.09 24.24 0.90 
15-Mar-96 16:00 2.12 0.06 0.88 0.25 17.30 1.52 
20-Mar-96 16:00 2.42 0.04 0.36 0.28 18.50 2.06 
27-Mar-96 14:00 2.04 0.56 0.29 0.25 12.40 0.47 
29-Mar-96 16:00 2.09 0.01 0.73 0.31 149.90 2.63 
29-Mar-96 20:00 1.94 0.01 0.65 0.24 77.20 2.96 
30-Mar-96 19:00 1.95 0.02 1.88 0.74 730.60 3.26 
31-Mar-96 03:00 1.88 0.05 0.62 0.43 154.20 3.31 
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Table 2. Oklahoma Sample Data 

Oklahoma Concentrations 
NO3-N NH3-N TKN TP TSS TOC 

Date Time (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

31-Mar-96 11 :00 1.96 0.05 0.76 0.25 158.20 3.15 
31-Mar-96 19:00 2.00 0.04 0.69 0.26 130.90 3.14 
05-Apr-96 09:00 1.91 0.01 1.25 0.50 227.40 1.16 
12-Apr-96 09:00 1.59 0.02 0.30 0.16 28.40 3.00 
13-Apr-96 13:00 1.84 0.03 0.87 0.35 122.20 5.53 
13-Apr-96 17:00 2.04 0.39 1.94 0.57 150.70 5.53 
14-Apr-96 01:00 2.00 0.19 1.24 0.50 69.50 4.95 
14-Apr-96 09:00 1.85 0.10 0.95 0.28 56.80 4.17 
14-Apr-96 17:00 1.85 0.07 0.91 0.26 44.70 3.94 
15-Apr-96 14:00 1.91 0.05 0.91 0.43 143.90 2.85 
15-Apr-96 18:00 1.88 0.02 0.66 0.25 68.50 2.29 
19-Apr-96 09:00 1.78 0.03 0.52 0.22 48.60 5.24 
22-Apr-96 12:00 1.43 0.19 3.25 1.26 584.80 13.05 
22-Apr-96 19:00 1.60 0.13 3.25 1.71 713.90 12.31 
23-Apr-96 02:00 1.55 0.12 2.46 0.94 440.00 10.68 
23-Apr-96 12:00 1.58 0.05 1.91 0.78 316.60 11.14 
23-Apr-96 20:00 1.79 0.03 1.30 0.58 150.60 8.68 
24-Apr-96 03:00 2.19 0.02 0.83 0.38 92.30 6.90 
24-Apr-96 21:00 2.55 0.06 0.59 0.21 56.00 6.90 
25-Apr-96 09:00 2.65 0.03 0.44 0.21 54.00 6.54 
26-Apr-96 10:00 2.82 0.06 0.38 0.20 52.30 5.56 
27-Apr-96 11 :00 2.96 0.06 0.32 0.18 35.40 4.86 
27-Apr-96 22:00 2.94 0.04 0.43 0.20 50.00 4.83 
28-Apr-96 10:00 2.92 0.06 0.39 0.20 51.30 4.61 

03-May-96 10:00 2.50 0.03 0.27 0.22 34.50 2.19 
06-May-96 16:00 2.30 0.05 0.38 0.22 68.70 3.70 
12-May-96 11 :00 2.02 0.04 0.64 0.29 75.30 5.66 
14-May-96 19:00 2.61 0.03 0.40 0.17 53.10 3.50 
24-May-96 18:00 2.48 0.01 0.49 0.26 92.80 4.09 
31-May-96 09:00 2.09 0.05 0.74 0.18 162.30 3.48 
01-Jun-96 21 :00 2.33 0.016 0.79 0.52 209.30 3.49 
02-Jun-96 01:00 2.28 0.012 1.59 0.85 220.10 3.85 
02-Jun-96 05:00 2.38 0.018 0.93 0.61 356.10 3.43 
02-Jun-96 09:00 2.50 0.023 1.00 0.71 289.40 3.59 
06-Jun-96 17:00 2.11 0.030 1.44 0.61 325.70 3.85 
14-Jun-96 09:00 1.95 0.037 0.37 0.26 52.15 6.37 
18-Jun-96 10:00 1.91 0.030 0.43 0.25 22.50 5.27 
25-Jun-96 09:00 1.49 0.053 0.38 0.28 22.80 3.86 
03-Jul-96 13:00 1.32 0.003 0.32 0.26 15.70 4.75 
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Table 2. Oklahoma Sample Data 

Oklahoma Concentrations 
NO3-N NH3-N TKN TP TSS TOC 

Date Time (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

12-Jul-96 10:00 1.34 0.009 0.23 0.26 15.60 2.99 
15-Jul-96 14:00 1.52 0.003 0.22 0.30 29.90 3.08 
24-Jul-96 15:00 0.94 0.076 0.35 0.29 20.70 1.52 

01-Aug-96 15:00 1.14 0.031 0.40 0.31 18.80 1.63 
05-Aug-96 10:00 1.01 0.038 0.38 0.29 17.80 2.48 
15-Aug-96 15:00 0.70 0.070 0.40 0.26 8.80 1.80 
23-Aug-96 13:00 0.99 0.016 0.41 0.26 25.70 1.69 
30-Aug-96 18:00 1.17 0.003 0.33 0.21 10.20 0.70 
07-Sep-96 11 :00 0.81 0.003 0.33 0.26 12.10 0.37 
15-Sep-96 14:00 0.83 0.042 0.45 0.30 25.80 3.07 

Average 1.98 0.05 0.72 0.33 95.27 3.64 

12 



sample period by summing the flows during half the period preceding the sample collection time and half 

the period proceeding the sample colilection time. The total flow obtained was then divided by the total 

duration for that sample period to obtain the average flow for the sample collected during that period. The 

load was calculated by multiplying the average flow, the time period, and the sample concentration. These 

values were summed to obtain the total load for the entire year. The total loads calculated for Arkansas 

and Oklahoma are shown in Table 3 (pp. 14-17) and Table 4 (pp. 18-20), respectively. The first and 

second columns represent the date and time that the samples were collected. Column three is the average 

flow which occurred during half the period preceding the sample and half the period proceeding the 

sample. Column four represents the number of hours that the average flow occurred. Columns five 

through ten contain the loads calculated using the data from Tables I & 2, the average flow (Column 3), 

and the duration of that average flow (Column 4). The average flow for the total time period was 

calculated, also. 

Effects of Lake Frances 

To determine the effects of Lake Frances, the concentrations at the Oklahoma station were 

compared with the concentrations at the Arkansas station. Loads were not used because of the differences 

in flows between the two stations To make this comparison the student t-test was used and a percent 

difference was calculated, also. The results from the t-test describe the probability of observing a 

difference by chance alone even if no difference exists. The percent difference was calculated to provide a 

simple arithmetic relationship between the two stations. The results obtained from the t-tests and percent 

differences are shown in Table 5 (pg. ll). The first column lists the nutrients. The second and third 

columns are the average nutrient concentrations for Arkansas and Oklahoma, respectively. The fourth 

column shows the values calculated for the percent differences. The fifth column contains the results from 

the one-tailed t-test. 
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Table 3. Arkansas Loads 

Arkansas Loading 
Date Time Avg Flow Occurs NO3-N NH3-N TKN TP TSS TOC 

(hrs) (cfs) (hrs) (kg) (kg) (kg) (kg) (kg) (kg) 

13-Sep-95 12:00 172.31 167 6006 63 1264 822 39104 14289 
20-Sep-95 15:00 226.41 180 6732 108 1944 792 28439 23687 
28-Sep-95 13:00 176.02 156 2447 33 512 278 5117 3348 
03-Oct-95 14:00 233.63 62 208 3 54 29 667 71 
03-Oct-95 18:00 346.13 4 308 6 64 40 1009 64 
03-Oct-95 22:00 318.14 4 289 5 53 38 1258 69 
04-Oct-95 02:00 293.42 4 252 4 55 32 670 166 
04-Oct-95 06:00 273.90 4 169 3 48 23 712 61 
04-Oct-95 10:00 263.79 3 5076 70 982 655 14502 5029 
04-Oct-95 12:00 205.30 87 7780 141 1485 990 27937 6613 
11-Oct-95 15:00 163.29 169 5885 111 1934 718 25417 9531 
18-Oct-95 14:00 150.58 166 5440 77 1315 619 10133 5698 
25-Oct-95 12:00 159.36 168 5764 82 1400 741 7549 4063 
01-Nov-95 14:00 159.12 169 5753 29 1556 793 8660 4609 
08-Nov-95 14:00 180.74 181 6147 92 1621 917 8868 6513 
16-Nov-95 15:00 169.43 166 5246 57 1577 659 9030 4157 
22-Nov-95 10:00 157.02 166 5224 82 1306 626 6530 5224 
30-Nov-95 12:00 150.14 170 4757 24 1129 601 5574 5382 
06-Dec-95 14:00 148.21 157 3994 124 1283 579 10037 2214 
13-Dec-95 14:00 149.82 137 1897 16 363 190 2762 1031 
17-Dec-95 23:00 172.11 54 153 1 38 17 814 112 
18-Dec-95 03:00 625.20 4 563 3 173 61 7563 173 
18-Dec-95 07:00 561.93 4 493 5 121 55 4749 330 
18-Dec-95 11 :00 490.52 4 424 2 126 68 5079 526 
18-Dec-95 15:00 448.37 4 345 4 112 55 6897 570 
18-Dec-95 19:00 434.09 4 315 4 115 53 5026 559 
18-Dec-95 23:00 443.87 4 320 5 145 47 4186 505 
19-Dec-95 03:00 471.09 4 342 79 108 44 4277 559 
.19-Dec-95 07:00 564.91 4 431 21 136 67 4576 670 
.19-Dec-95 11 :00 921.04 4 751 11 263 105 24081 1089 
19-Dec-95 15:00 994.01 4 851 4 300 130 25652 1143 
19-Dec-95 19:00 875.42 4 717 14 232 128 16756 1299 
19-Dec-95 23:00 764.88 4 571 6 262 78 10393 1194 
20-Dec-95 03:00 677.55 4 514 6 213 75 8232 1041 
20-Dec-95 07:00 612.65 4 477 5 175 70 5877 954 
20-Dec-95 11 :00 297.74 267 16124 81 5672 2188 155001 29493 
11-Jan-96 12:00 246.01 274 17588 206 3023 824 21985 13191 

! 12-Jan-96 07:00 301.83 11 866 3 176 44 1167 156 
12-Jan-96 11 :00 367.06 4 383 1 78 19 449 165 
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Table 3. Arkansas Loads 

Arkansas Loading 

Date Time Avg Flow Occurs NO3-N NH3-N TKN TP TSS TOG 

(hrs) (cfs) (hrs) (kg) (kg) (kg) (kg) (kg) (kg) 

12-Jan-96 15:00 394.40 4 402 3 95 21 394 125 

12-Jan-96 19:00 404.58 4 404 2 73 26 421 195 

12-Jan-96 23:00 396.94 4 398 2 76 23 461 155 

13-Jan-96 03:00 367.02 32 2945 12 694 180 4070 1185 

15-Jan-96 15:00 321.63 59 4739 19 1006 271 6479 1837 

18-Jan-96 01 :00 528.97 41 6322 221 2829 1238 225755 10986 

19-Jan-96 01:00 4426.93 14 6175 38 1737 302 59108 2889 

19-Jan-96 05:00 1323.45 43 10202 120 2167 451 61091 4424 

22-Jan-96 15:00 686.66 43 9095 153 1482 307 30145 2734 

22-Jan-96 19:00 582.91 4 843 2 92 31 2131 258 

22-Jan-96 23:00 580.87 4 834 2 98 28 4717 290 

23-Jan-96 03:00 572.81 4 826 9 114 30 2311 268 

23-Jan-96 07:00 570.80 8 1598 5 228 55 4553 473 

23-Jan-96 19:00 558.35 8 1838 21 176 57 5423 418 

23-Jan-96 23:00 633.36 10 2194 40 318 86 6958 743 

24-Jan-96 15:00 650.20 20 3378 73 518 124 10206 1710 

25-Jan-96 15:00 508.29 60 6866 135 1055 112 22212 4465 

29-Jan-96 15:00 366.89 144 17447 54 1400 269 39847 2854 

06-Feb-96 15:00 285.45 192 18601 56 2681 950 12680 3128 

14-Feb-96 15:00 240.30 168 11233 41 1193 206 33740 5308 

20-Feb-96 14:00 206.83 189 10439 159 1434 518 66656 6176 

01-Mar-96 10:00 193.61 181 8929 71 1143 179 23752 4393 

06-Mar-96 15:00 174.51 170 7771 30 1058 575 19201 5231 

15-Mar-96 15:00 188.47 168 7681 97 1549 904 12586 5196 
20-Mar-96 15:00 197.04 143 6950 86 144 833 52555 5370 
27-Mar-96 13:00 192.62 102 4285 40 521 801 25432 1081 
29-Mar-96 02:00 457.83 20 2081 9 420 289 22865 1559 
29-Mar-96 06:00 664.44 4 577 3 127 24 6312 507 
29-Mar-96 10:00 624.09 4 517 3 125 23 4351 598 
29-Mar-96 14:00 590.03 4 452 2 120 19 4282 669 
29-Mar-96 18:00 559.85 4 409 2 139 62 3880 555 
29-Mar-96 22:00 537.18 4 410 2 138 18 3526 602 
30-Mar-96 02:00 524.58 4 406 2 122 15 2930 571 
30-Mar-96 06:00 484.71 18 1681 9 498 62 11560 2543 
31-Mar-96 14:00 446.95 73 6252 200 1064 499 45226 10841 
05-Apr-96 08:00 382.34 141 9561 55 2473 824 1527508 16978 
12-Apr-96 08:00 299.50 95 4553 58 1566 551 77139 4930 
13-Apr-96 05:00 428.93 12 866 5 157 100 26283 1023 
13-Apr-96 09:00 1137.27 6 1134 7 341 139 43328 1106 
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!Table 3. Arkansas Loads 

• Arkansas Loading 
Date Time Avg Flow Occurs NO3-N NH3-N TKN TP TSS TOC 

(hrs) (cfs) (hrs) (kg) (kg) (kg) (kg) (kg) (kg) 

13-Apr-96 17:00 1026.01 8 1732 418 1891 611 141969 4844 
14-Apr-96 01:00 763.82 8 1077 93 791 230 39984 2940 
14-Apr-96 09:00 627.67 12 1320 46 699 184 26408 2971 
15-Apr-96 01:00 543.73 10 1003 6 366 100 4766 1674 
15-Apr-96 05:00 431.14 52 3907 23 1211 343 52099 4502 
19-Apr-96 08:00 324.53 83 3981 27 2004 604 90049 20590 
22-Apr-96 04:00 344.92 38 2405 13 3046 1109 344126 12050 
22-Apr-96 08:00 1091.17 4 734 18 1134 387 150362 5547 
22-Apr-96 12:00 3051.34 5 2115 16 4012 '1197 846231 8506 
22-Apr-96 18:00 5926.71 7 6766 677 15434 6300 3292698 54589 
23-Apr-96 02:00 4831.53 8 6106 276 7288 3388 2218351 43926 
23-Apr-96 10:00 5932.11 8 7110 242 9625 4208 1796433 56640 
23-Apr-96 20:00 3983.93 10 8202 81 4182 1421 535583 35245 
24-Apr-96 06:00 2170.20 14 7215 93 2168 836 259503 16939 
25-Apr-96 09:00 1634.65 13 5198 65 1624 347 106562 14728 
25-Apr-96 21 :00 1249.47 18 5593 92 1330 413 93067 16848 
26-Apr-96 09:00 892.91 25 6462 68 978 410 61885 13355 
27-Apr-96 10:00 706.10 18 3821 52 415 220 35106 6386 
27-Apr-96 22:00 635.02 12 2058 16 295 109 12582 3961 
28-Apr-96 10:00 589.44 66 10785 79 1427 595 45995 18795 
3-May-96 10:00 430.21 99 8725 87 1953 912 124151 26350 

06-May-96 15:00 356.59 39 2835 57 964 213 41814 8661 
6-May-96 17:00 716.91 3 458 7 105 37 6730 995 
6-May-96 21:00 997.91 4 842 20 175 61 17006 2026 
7-May-96 01:00 844.27 4 754 14 189 100 19310 2341 
7-May-96 05:00 540.85 45 5085 149 2109 992 165705 20936 
0-May-96 18:00 489.58 44 3776 88 1669 790 376320 9309 

0-May-96 22:00 3772.88 8 4215 677 11936 5784 3235684 29256 

1-May-96 10:00 5784.89 18 14221 849 30565 15495 8188980 97321 

2-May-96 10:00 1553.58 40 12731 127 3357 1773 327457 31669 

4-May-96 18:00 622.26 148 24780 94 2534 1596 198994 26470 

4-May-96 17:00 297.23 199 15192 60 2472 1387 373773 24054 

1-May-96 08:00 253.97 97 4193 25 2511 678 137847 37186 

1-Jun-96 20:00 446.14 20 1737 3 646 82 59295 4474 

2-Jun-96 00:00 703.71 4 689 4 123 98 10845 1110 

2-Jun-96 04:00 678.57 4 697 7 94 86 8493 1001 

2-Jun-96 08:00 433.84 55 5983 7 851 681 60313 7880 

6-Jun-96 17:00 287.46 144 6835 59 2911 1181 152306 31727 

14-Jun-96 09:00 197.62 141 5368 54 2357 767 147113 36239 
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Table 3. Arkansas Loads 

• Arkansas Loading 
Date Time Avg Flow Occurs NO3-N NH3-N TKN TP TSS TOC 

(hrs) (cfs) (hrs) (kg) (kg) (kg) (kg) (kg) (kg) 

18-Jun-96 11 :00 222.80 133 5708 12 3111 936 141950 47206 
25-Jun-96 10:00 171.32 181 5657 13 759 853 32869 11504 
03-Jul-96 13:00 158.82 204 2906 10 3038 1354 274744 20639 
12-Jul-96 11 :00 154.92 145 3617 7 366 664 6640 6846 
15-Jul-96 15:00 187.89 147 5067 8 619 816 55739 9262 
24-Jul-96 16:00 117.78 203 2754 14 439 755 21445 3144 

01-Aug-96 14:00 133.07 143 2599 6 582 213 13964 2793 
05-Aug-96 11 :00 103.24 168 2192 71 530 513 23158 1945 
15-Aug-96 14:00 107.07 217 2321 107 308 663 15866 4428 
23-Aug-96 13:00 116.08 182 2282 15 409 603 13135 3596 
30-Aug-96 19:00 121.96 179 2648 7 579 534 14463 1602 
07-Sep-96 11 :00 88.23 190 1897 29 410 478 6151 85 
15-Sep-96 15:00 84.87 106 1073 8 238 275 22373 3228 

Average Flow= 299.68 Totals 550321 8533 201411 89850 27487199 1130239 

) 
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Table 4. Oklahoma Loads 

Oklahoma Concentrations 
Avg Flow Occurs NO3-N NH3-N TKN TP TSS TOC 

Date Time (cfs) (hrs) (kg) (kg) (kg) (kg) (kg) (kg) 

" " ~, ,'.} .. \. ·•'"'""'"'''•'" 

13-Sep-95 12:00 188.00 263 8718 403 2419 1461 98118 18848 
28-Sep-95 13:00 212.06 252 11166 218 2614 1416 72985 7407 
04.;.Oct-95 13:00 208.79 158 6792 134 1681 1042 67784 87050 
11-Oct-95 16:00 182.65 168 6255 156 1345 751 36592 5348 
18-Oct-95 14:00 167.12 166 5485 85 1470 679 32658 1555 
25-Oct-95 13:00 184.99 168 6208 127 1615 824 36427 2471 
01-Nov-95 15:00 187.12 170 6030 32 1459 811 27883 162 
08-Nov-95 15:00 196.39 181 6703 145 1775 1087 44925 3478 
16-Nov-95 16:00 194.21 168 5820 67 1330 798 21516 4257 
22-Nov-95 10:00 170.38 163 5067 113 1132 708 25051 5265 
30-Nov-95 13:00 162.45 171 5096 849 1359 510 9202 4502 
06-Dec-95 15:00 173.33 157 5714 83 1720 721 555 6435 
13-Dec-95 15:00 177.09 145 5653 105 1125 602 8584 131 
18-Dec-95 17:00 356.41 63 4600 46 1396 687 176516 3753 
18-Dec-95 21:00 537.32 4 453 2 129 50 9098 423 
19-Dec-95 01:00 535.56 4 430 4 129 55 9782 469 
19-Dec-95 05:00 659.81 4 503 3 218 81 12178 608 
19-Dec-95 09:00 823.40 4 608 7 232 117 22290 943 
19-Dec-95 13:00 1216.65 4 908 10 357 149 36145 1642 
19-Dec-95 17:00 1366.95 4 1053 6 513 128 94294 1817 
19-Dec-95 21:00 1228.55 4 1037 10 461 150 81541 1538 
20-Dec-95 01:00 1057.16 4 905 9 379 151 46461 1414 
20-Dec-95 05:00 917.47 4 737 7 318 123 31221 1399 
20-Dec-95 09:00 812.00 4 672 10 262 86 21882 1205 
20-Dec-95 13:00 492.02 315 31751 316 12479 3949 797728 55762 
15-Jan-96 15:00 516.40 482 60886 761 10909 3298 199147 19788 
29-Jan-96 16:00 560.54 264 48868 151 4374 754 111612 7994 
06-Feb-96 16:00 305.44 192 19247 120 1793 1195 10341 2869 
14-Feb-96 16:00 257.15 168 11756 88 1409 528 33904 3170 
20-Feb-96 15:00 212.21 189 11160 41 899 491 67041 7440 
01-Mar-96 10:00 188.18 180 7940 138 1312 518 24512 1968 
06-Mar-96 16:00 171.51 171 6935 90 1136 269 72458 2690 
15-Mar-96 16:00 186.21 168 6760 191 2806 797 55161 4846 
20-Mar-96 16:00 198.39 143 6997 116 1041 810 53493 5957 
27-Mar-96 14:00 313.01 108 7029 1929 999 861 42724 1619 
29-Mar-96 16:00 647.74 27 3725 18 1301 553 267200 4688 
29-Mar-96 20:00 753.41 14 2086 11 699 258 82994 3182 
30-Mar-96 19:00 623.83 15 1860 19 : 1793 706 696798 3109 
31-Mar-96 03:00 575.18 8 882 23 291 202 72318 1552 
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Table 4. Oklahoma Loads 

Oklahoma Concentrations 

Avg Flow Occurs NO3-N NH3-N TKN TP TSS TOG 

Date Time (cfs) (hrs) (kg) (kg) (kg) (kg) (kg) (kg) 
.. 

31-Mar-96 11 :00 590.72 8 944 24 366 120 76199 1517 

31-Mar-96 19:00 534.47 59 6428 129 2218 836 420712 10092 i 

05-Apr-96 09:00 402.28 139 10885 57 7124 2850 1295996 6611 

12-Apr-96 09:00 371.94 98 5907 74 1115 594 105508 11145 

13-Apr-96 13:00 1272.59 16 3819 62 1806 726 253600 11476 

13-Apr-96 17:00 1633.80 7 2378 455 2261 664 175663 6446 

14-Apr-96 01:00 1283.55 8 2093 199 1298 523 72737 5181 

14-Apr-96 09:00 1031.01 8 1555 84 799 235 47750 3506 

14-Apr-96 17:00 826.72 15 2338 88 1150 329 56497 4980 

15-Apr-96 14:00 666.34 12 1557 41 742 350 117276 2323 

15-Apr-96 18:00 506.14 46 4461 47 1566 593 162551 5434 

19-Apr-96 09:00 362.91 81 5333 90 1558 659 145610 15699 

22-Apr-96 12:00 2832.82 41 16928 2249 38473 14916 6922774 154484 

22-Apr-96 19:00 7120.35 7 8128 660 16510 8687 3626659 62536 

23-Apr-96 02:00 7533.70 8 9521 737 15111 5774 2702844 65605 

23-Apr-96 12:00 7608.90 9 11028 349 13331 5444 2209761 77753 

23-Apr-96 20:00 6282.20 8 9169 154 6659 2971 771430 44462 

24-Apr-96 03:00 3576.05 12 9579 87 3630 1662 403698 30179 

24-Apr-96 21:00 2566.30 15 10005 235 2315 824 219713 27072 

25-Apr-96 09:00 1886.25 19 9680 110 1607 767 197250 23889 

26-Apr-96 10:00 1365.90 25 9815 209 1323 696 182025 19351 

27-Apr-96 11 :00 1064.19 18 5779 117 625 351 69114 9489 

27-Apr-96 22:00 934.15 11 3079 42 450 209 52366 5059 

28-Apr-96 10:00 786.39 66 15447 317 2063 1058 271375 24387 

03-May-96 10:00 551.17 99 13904 167 1502 1224 191871 12180 

06-May-96 16:00 3491.24 147 120308 2615 19877 11508 3593551 193539 

12-May-96 11 :00 4032.15 59 48979 970 15518 7032 1825802 137238 

14-May-96 19:00 1003.46 148 39507 454 6055 2573 803760 52979 

24-May-96 18:00 414.14 199 20832 84 4116 2184 779504 34355 

31-May-96 09:00 362.78 97 7496 179 2654 646 582108 12481 

01-Jun-96 21:00 531.49 20 2524 17 856 563 226759 3781 

02-Jun-96 01:00 892.76 4 830 4 579 309 80110 1401 

02-Jun-96 05:00 962.43 4 934 7 365 239 139724 1346 

02-Jun-96 09:00 684.07 54 9412 87 3765 2673 1089589 13516 

06-Jun-96 17:00 354.05 144 10964 156 7483 3170 1692446 20006 

14-Jun-96 09:00 231.55 141 6489 123 1231 865 173535 21197 

18-Jun-96 10:00 224.20 131 5718 90 1287 748 67353 15776 

25-Jun-96 09:00 223.05 182 6165 219 1572 1159 94336 15971 

03-Jul-96 13:00 188.15 205 5189 12 '1258 1022 61720 18673 

19 



Table 4. Oklahoma Loads 

Oklahoma Concentrations 

Avg Flow Occurs NO3-N NH3-N TKN TP TSS TOC 

Date Time (cfs) (hrs) (kg) (kg) (kg) (kg) (kg) (kg) 

12-Jul-96 10:00 184.78 144 3634 24 624 705 42307 8109 

15-Jul-96 14:00 171.80 147 3912 8 566 772 76963 7928 

24-Jul-96 15:00 134.28 204 2624 212 977 810 57794 4244 

01-Aug-96 15:00 126.30 142 2084 57 731 567 34365 2980 

05-Aug-96 10:00 119.05 168 2059 77 775 591 36285 5055 

15-Aug-96 15:00 136.82 217 2118 212 1210 787 26629 5447 

23-Aug-96 13:00 151.67 182 2785 45 1154 732 72306 4755 

30-Aug-96 18:00 120.03 179 2qp2 7 723 460 22336 1533 

07-Sep-96 11 :00 97.00 190 1522 6 620 488 22729 695 

15-Sep-96 14:00 100.33 106 900 46 488 325 27966 3328 

Average Flow = 421.14 Totals 813801 191~@ 2p~764 122367 35992075 1515942 
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Table 5. Average Concentrations, Percent Difference Calculations, and T-Tests 

•• Average 
/:•-·:• ... -. Oklahoma 

fti 01~i\ Conc~n.tration . ' Concentration 
,:\ ·, . (mg/L) (mg,':L) 

N0 3 -N 2.13 1.98 -7.30 

NH 3 -N 0.03 0.05 +50.0 0.038 

TKN 0.68 0.72 +5.71 0.268 

TP 0.28 0.33 +16.4 0.059 

TSS 61.9 95.3 +42.5 0.00013 

TOC 3.54 3.64 +2.79 0.422 

The t-tests were performed by using the software Microsoft Excel. A lower value indicates that 

there is significant enough difference between the two values being compared to conclude the values are 

different. A significance level of 0.05 was used for the one-tailed test. 

,. 
.. ~. 

The results indicate that at an a. of0.05 there is not sufficient evidence to conclude the upstream 

and downstream concentrations forl'J0 3-N, TKN, TP, and TOC are different. The results also indicated 

that at an a of 0.05 there is sufficient evidence to conclude that the upstream and downstream 

concentrations for NH 3-N and TSS are different. The percent difference calculations agree with the results 

from the t-tests. The percent difference of 16.4% and t-test result of0.059 for TP give borderline results as 

to whether a difference exists in the upstream and downstream TP concentrations. 
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Discussion 

The concentration and loadJoftotal phosphorus in the Illinois River is the primary focus of this 

discussion. Looking at the sample data tables, there appears to be a sharp increase in the TP concentrations 

in April and May for Arkansas. Increases in the TP concentrations for Oklahoma occurred in April, May, 

and early June. Figure 2 (pg. 23) illustrates the increases in TP concentrations during these months for 

Arkansas and Oklahoma. 

Historical data suggests that the average flow for the period in which this study was conducted 

was very low. The average annual flbw at the Oklahoma station for 1992 through 1995 ranged from a low 

of 680 cfs to a high of 1100 cfs. During this study, the average flow for Arkansas was 300 cfs and the 

average flow for Oklahoma was 421 ~fs. The Oklahoma flow was 121 cfs or 40.3% larger than the 

Arkansas flow. This can be attributed, in part, to the additional tributaries to Lake Frances located between 

the flow monitoring stations. The faQt that only one year of data was available to establish an accurate 

rating curve for the Arkansas station may also contribute to the flow differences. Other than the Illinois 

River, Ballard Creek is the major tributary feeding Lake Frances. In order to fully comprehend what is 

occurring, the effects of Ballard Creek should be investigated. A summary of the values obtained for the 

total flow, the total load, and the average flow weighted concentrations for Arkansas are shown in Table 6 

(pg. 24). A summary of the values obtained for the total flow, the total load, and the average flow 

weighted concentrations for Oklahoma are shown in Table 7 (pg. 24). 

Although the flow for the year was well below average, the effects of the flow or increase in flow 

on the sample concentrations were evident. For instance, when a flow increase occurred, especially a large 

increase, the TP concentrations increased dramatically. These effects are shown on pages A-1 through A-

13 for Arkansas and on pages A-14 through A-26 for Oklahoma in Appendix A. In these figures, the 

continuous line represents the flow, and the x's represent the TP concentrations. The larger TP 

concentrations were associated with large runoff events. Large runoff events were considered to be events 

whose peak flow was greater than 1000 cfs. 
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Tnble 6. Total Flows, Total Loads. and Average Calculated Cooccntraiions for Arkansas 

Nutrients Ii Tqml£1o,v Total Tuiad' AvCfil:ge 
(lWyr). (lwyo) flow wc;ghted 

Concenlia!lons 
. (mg/L) 

NO,-N 2,675,263 550,000 2.0 

NH,-N 2,675,263 81530 0.031 

TKN 2,675,263 201.000 0.74 

TP .2.675.263 89,900 0.33 

TSS 2,675,263 27,500,000 IOI 

TOC 2,675,263 1,130,000 4.2 

Table 7. Total Flows, Total Loads, and Average Calculated Concentrations for Oklahoma 

"Ni1trients 1'omlr,Jow Tomi Load 'A Vtirage 
(N!yr) .(_\(glyr) Flow Weighted 

Conccntra(ipns 
(mg/L) 

NO,- N 3,759,080 814,000 2.1 

NH,-N 3,759,080 19,100 0.050 

TKN 3,759,080 269,000 0.70 

TP 3,759,080 122,000 0.32 

TSS 3,759,080 36,000,000 94 

TOC 3,759,080 I ,520,000 4.0 
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rn Arkansas, uote Lhc TP concenlration increases during large runoffevcms in April {pg. A-8) and 

May (pg. A-9). However, a large runoff event occurred in January (pg. A-5) whose peak tlow was 6000 

cfs which resulted in a maximum TP coocemralion ofo11ly 0.56 mg/L. Tbis relatively small increase in TP 

concentration may have been the result of samples not being collecced al the peak of1he nmoff event. Had 

the peak been sampled, the runoff even1 may have yielded higher TP concentrations. Also, there was a 

large mnoff event in December (pg. A-4) whose peak was sampled and no increase in TP toocemration 

occurred. 

ln Oklahoma, TP concentrations increases were observed in March (pg. A-20), April (pg. A-21 ), 

and early Jw,c (pg. A-23). Large 111uoff events occurred .ill January (pg. A-18) and May (pg. A-22) whose 

peaks were nol sampled, and a large runoff event in December (pg. A-17) produced no increase in TP 

conce.ntratious. There was one additional large runoff event iu March (pg. A-20) whose peak now was 

noticeably larger than the peak produced in Arkansas. This produced an increase in TP coocentration not 

experienced in Arkansas. The difference may be attributed 10 a storm event thai was localized to a pan of 

lhc drainage basin which would bj1pass the Arkunsas smi<ln. 

TI1c patterns of decrease in TP concentrations al b0Ll1 stations were similar. After the large 

increases, the concentrations underwent n rapid decrease ifl a par;:iboHc pattern down to normal leveJs. 11lis 

rapid decrease may in part be caused by the dilution effects of the larger flows. 

The different reactions ofiP concc.ntrlltions LO flow raises a question concerning 1he relatiot1ship 

ofTP concentrations to flow. TI1c relationship ofTP concentration to flow is shown in FigtJre 3 (pg. 26) 

for Arkansas. The relationship ofTP concentration to flow is shown in Figure -1 (pg. 2 7) for Oklahoma. 

What Lhese cwo figures show is that there is not a clear relationship between TP concentration and flow ill 

generol. but that TP concentrations are more relaled to increases in flow. For example, in A,kansas a peak 

now of 6000 cfs resulted in n TP concentration of 0.56 mg/L, a peak now of 7000 cfs resulted in a TP 

concentrntiou of 1.49 mg/L, and a peak. !low of 9500 cli; resulted in a TP concentration of 1.88 mg/L. 

Thus, it appears !hat higher peak flows generally resulted in higher peak TP concentrations. A linear 

regression was performed using Ll1c software Microsoft Ex-eel. The R' values were 0.49 and 0.4<1 for 

Arknnsas nnd Oklahoma, respecLivcly. 11,e R1 value represents Lhe percent orvari:mce or the data sets. 
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R'' approaches 1.0. the ,;ariance bcm•cen th data seLS is smaller. 

oonccn1:ra,Lio11s behaved in much the same manner as 1.h TP concenlnnions at bolh ·unions. 

The eci of flow on TS - coacentrntio :ire ibo •n on pages B ~? 1.hrongh B- B for Ar.k .11,s s, and on 

p cs B~U through B~26 for Oklahoma _in Appen ·x B. IJ1 th se figur , the continuous line represents 

lhe flo , an the ''s «:present the T cone l:ral:i . Patt ms of increase i:u TS conoen:tratiori. we.r:e 

simil r • o lhe patlcm o increase; of TP co.nocnlf8tions, This is . l1own in • igure 5 (pg. 2 9) and Figure 6 

(pg. 30) l"i r Arkan and Ok aho:ma. respe-ctiveJy. 

Jso s:imilar to TP concentration, there ppeared 10 be no direct rel tionsh.ip between S 

conceut.nHio nd flow. TI•e re1ationslup belween TSS concentration and flow i 01vn ln Figur,c 7 (pg, 

l) and Figure 8 {p . 32 for tkm as an:d Oklahoma. respectively. A l.incar re ' ion was performed 

y·eJdin an .R2 vaJu s of .025 and 0. 3 for the Arkiln~s and Oklahoma si.m.ions. 

ext, he con-e.lalion of ' P co11ce11tratio•n..~ lo· T S. con~i:;::nlr. rtim w, s determined 

relationship is hown in Figure 9 (pg. 3 and Figure 10 pg. 3 ·) for ArkarL~ and O lahoma.. 

respectivel . - csc figures seem. to suggest that th levels of TP ml S do correlate to ne another. A 

linear reg ' ion was pelfo ed ieJding 2 afoc.s ·of0.8 • and 0.76 for the Ar.kansas and Oklru om::1 

smtions. These R.2 va1ues su1,port the I.he that the 1 ls of TP nd S do oorrel· le to 011 • • oilier, 

The e .c . of fiow on 3 - N, ere similar to lhat of TP and T S, bul he ,. ere also 

di s:imilar. SimUariti s 001..-,irred in that. con entrntio11s did increase ;,,•i!h an ·; crease in flow. The 

dissimilarities were that t:bi: reaction to tbe flow increase . as not as dmma.lic. rn facl the c-0nc~tration . 

of NO - ac all fagged I.he hydro ·raph peaks. and the drop in OJ - _ cQ11c(mtratio were v ry 

gradual instead of rapid. • ilese effects re shown on pages C-l through C-I for 1:kam,as, and on page-s 

C-I through C-26 for Oklahomia iD Appendi ' . r i..1:1 c figur-es I.he. co, tinuous line. represent lhe flO\ 

and the x '-" ~resicnt U1 • N 1 - . concen1.rn1ions. 
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Conclusions 

The pollutant loads calculated in the Illinois River at Arkansas Hwy 59 and Oklahoma Hwy 59 are shown 

in Table 8. 

Table 8. Average Flows and Pollutant Loads Calculated at Arkansas Hwy 59 and US Hwy 59 in 

Oklahoma 

Average Fl ow ( els 
NO,-N L ad., kg/yr) 
NH3-N Lo,1d, (kglyr 
TK Load, (kg/yr) 
TP Load, (kglyr) 
TSS I.,.oad {l<g/yr 
TO Loacl, (kg/yr 

300 
5~0, 00 
8,,530 

201,000 
"39,900 

27.500,000 
l 1""0,000 

21 
81 ,000 
19,100 

269,000 
l22.000 

36,000,000 
1,520.000 

A comparison of pollutant concentrations above and below Lake Frances showed some increase in 

the average concentrations for all parameters except NO3-N . However, the results obtained from at-test 

analysis indicate there is not sufficient evidence at an ex. of 0.05 to conclude that the concentrations for 

NO3-N, TKN, TP, and TOC upstream and downstream from Lake Frances are different. The t-test results 

also indicate that there is sufficient evidence at an a of0.05 to conclude that the concentrations for NH 3-N 

and TSS upstream and downstream fr<llm Lake Frances are different. A comparison of the flow weighted 

average concentrations show that the differences in parameter values for NO1-N, TKN, TP, and TOC is 

only 5% or less between Arkansas and Oklahoma which supports the concept that there is probably no 

significant difference between these values. 

Although there was no directlcorrelation ofTP concentrations and TSS concentrations to flow, in 

general, high peak concentrations appear to be associated with high peak runoff events. 

A regression analysis performed showed that there was a correlation between TSS concentrations 

ans TP concentrations. 
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Lake: Frances on the Illinois River 

Appendix ti 

TSS Concentration & Flow vs Time 
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Illinois River at o·Rfahoma Highway 59 
May 1996 
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Illinois River at Olefahoma Highway 59 ----- • -----------
June 1996 
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Illinois River at Okfahoma Highway 59 
August 1996 
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