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INTRODUCTION 
 
The Illinois River Basin has experienced water quality impairment from non-point source pollution for 
many years.  This fact was well documented in the State of Arkansas' Water Quality Assessment report, the 
Soil Conservation Service River Basin Study, and several University of Arkansas studies.  Thirty-seven 
sub-watersheds have been identified by the SCS in the Arkansas portion of the Illinois River basin.  In the 
Arkansas portion of the Basin, the Illinois River, Evansville Creek, Baron Fork, Cincinnati Creek, Muddy 
Fork, Moores Creek, Clear Creek, Osage Creek and Flint Creek were all classified as not supporting their 
designated use as primary contact recreation streams.  The identified causes of the impairment were: 
sediment, bacteria and nutrients. 
 
In 1997, the University of Arkansas completed a project that estimated the phosphorus loading from each 
of the thirty-seven sub-watersheds.  This project also prioritized watersheds for implementation work based 
on phosphorus loads, nitrogen loads and total suspended solids loads per unit area.  The thirty-seven sub-
watersheds were grouped into Low (16), Medium (10) and High (11) categories based on phosphorus 
loadings.  If all the sub-watersheds above the median value for on phosphorus loading in the Illinois River 
basin were brought down to the current median value for phosphorus loading, this reduction would result in 
the agreed to 40% reduction of phosphorus at the state line.   
 
The selection of a sub-watershed for targeted intensive voluntary BMP implementation was based on the 
following criteria: a) the sub-watershed had to be above the current median value for phosphorus loading, 
b) there would be no sewage treatment plant in the sub-watershed, and c) land user interest.  The Upper 
Ballard Creek watershed met all these requirements.  The watershed covers 7106.24 hectares. The creek is 
currently in the High category with a unit area loading of 1.75 kg. per hectare per year.  The median value 
for the thirty-seven watersheds is 0.73 kg. per hectare per year. 
 
 
HISTORY 
 
A water quality sampling station was installed at the Washington County Road 76 Bridge over Ballard 
Creek just before the creek leaves the state of Arkansas and enters into Oklahoma.  The station was initially 
funded under an ASWCC 319 h grant FY99-100 to collect two storm event samples, four base flow grab 
samples and four periphyton growth samples per year. During the period of time from July 1, 2000 to 
September, 2001 the sampling station was being installed and no stage or water quality information was 
collected. Quarterly water quality and periphyton samples were collected in the last quarter of 2001 and 
during the first two quarters of 2002. However, due to datalogger failure, no stage information was 
collected until February 15, 2002. 
 
Beginning July 1, 2002 the funding was supplemented at this site so that all storms are sampled; grab 
samples and periphyton samples are collected and analyzed every two weeks.   
 
 
METHODS 
 
The automatic storm water monitoring station consisted of a Sigma 900 max sampler with 24 1 liter bottles 
controlled by a Campbell Scientific (CSI) CR10X programmable datalogger.  The sampler and data logger 
were enclosed in a steel gauge house located next to the Washington County Road 76 Bridge over Ballard 
Creek. Water stage was measured using a Campbell Scientific ultrasonic distance sensor mounted 
underneath the bridge. A rating curve was developed by the USGS at the site to convert stage to discharge. 
In addition, a Canadian Forest Product turbidity sensor was located under the bridge and its data was stored 
along with stage and discharge measurements on the CSI datalogger. The datalogger was programmed to 
trigger the sampler using either flow or time based intervals.  
 
Initially the sampler was operated in a discrete mode taking samples at thirty-minute intervals for the first 
twenty-four samples and sixty-minute intervals for the next twenty-four samples.  The sampler was set to 
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begin taking samples when the stage rose to ten percent over the prior base flow.  Trigger levels were 
evaluated and modified based on load calculation optimization techniques. Discrete samples were collected 
when all twenty-four bottles were filled or within forty-eight hours after the first sample. Grab samples 
were taken often enough to have three samples between each storm.  The sampler was operated using this 
protocol until three storms were adequately sampled.  The results from this initial sampling phase were 
used to determine the sampling start (trigger) and frequency for flow-weighted composite sampling. In 
addition, the results were used to develop rating curves to predict pollutant concentrations as a function of 
discharge in order to calculate loads for inadequately sampled storm events. 
 
After the initial phase, the sampler was reconfigured to take flow-weighted composite samples. The 
sampler began sampling after the stage exceeded a set trigger level of two feet.  It took a discrete sample 
after a fixed volume of water had passed.  The volume of water used for the flow weighted composite 
samples, i.e. sampling frequency, was 1 million cubic feet, as determined from the initial sampling phase.  
The discrete samples were composited by combining equal volumes of each into a single sample for 
analysis.  Discrete samples were collected for compositing when all twenty-four bottles were filled or 
within forty-eight hours after the first sample.  Storms were sampled in this manner for the period when the 
river stage was above the trigger level.  Grab samples were taken every two weeks after the initial sampling 
phase.  All samples were collected by AWRC Field Services Personnel and transported to the AWRC 
Water Quality Laboratory for analysis.  All samples were analyzed for nitrate-nitrogen, ammonia-nitrogen, 
total Kjeldahl nitrogen, total phosphorus, dissolved reactive phosphorus and total suspended solids. 
 
In addition to chemical water quality sampling, periphyton sampling was done to assess the productivity of 
the stream. Periphyton sampling for determination of primary productivity followed method number 10300 
in Standard Methods 20th edition. Standard microscope slides were used as a substrate for periphyton 
growth. Slides were placed in holders designed to hold eight pairs of slides vertically, perpendicular to the 
flow, near the surface of the stream. Slide holders were placed in the stream at two sites near the automatic 
water sampling station. The two sites were chosen to represent the predominate morphological features of 
this order stream: riffles and shallow pools. The slides were placed at the sites every two weeks during the 
year. Slides were left in the stream for two weeks and then retrieved and used to determine ash-free 
biomass weight and Chlorophyll A concentration. Primary productivity was determined from ash-free 
weight and Autotrophic Index was determined from ash-free weight divided by Chlorophyll A 
concentration. 
 
 
RESULTS 
 
Quarterly sampling began in November 2001 and continued through the end of the fiscal year in June 2002. 
Bi-weekly grab sampling and automated storm sampling commenced in July 2002 and continued through 
the end of 2002. During the year, 40 individual samples were collected and analyzed. They include 12 
base-flow grab samples, 1 composite storm sample, 20 periphyton samples, 2 field blanks and 2 field 
duplicates. The stage for 2002 as well as the concentration results from the samples is summarized in 
Figure 1 and Table 1. 
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Figure 1. 2002 stage, nutrients and TSS. 
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Table 1. 2002 partial year loads and mean concentrations. 

parameter Loads (kg) Mean Concentrations (mg/l) 
Nitrate-N 85,664 2.71 

Total Phosphorus 5,409 0.17 
Ammonia-N 1,594 0.05 

TKN 13,392 0.42 
Phosphate-P 2,425 0.08 

TSS 518,785 16.42 
 
The loads and mean concentrations can be segregated into storm-flow and base-flow using the trigger level 
as an arbitrary distinction between flow regimes. Using the trigger level value of 1 foot, the segregated 
loads and mean concentrations for 2002 are shown in Table 2. 
 
Table 2. Storm-flow and Base-flow loads and Mean Concentrations Partial Year 2002. 
 
 

 

Storm Loads 
(kg) 
 

Base Loads 
 (kg) 
 

Storm 
Concentrations 
(mg/l) 

Base 
Concentrations 
(mg/l) 

VOLUME (M3) 4,748,913 26,853,439   
NO3-N 13,491 72,195 2.84 2.69 
T-P 1,539 3,871 0.32 0.14 
NH4 222 1,373 0.05 0.05 
TKN 3,259 10,136 0.69 0.38 
PO4 560 1,866 0.12 0.07 
TSS 299,164 219,650 63.00 8.18 
 
There were no significant storm events captured with discreet samples during 2002 and thus no stage / 
concentration regressions were performed. 
 
Periphyton samples were collected nine separate times in 2002. Samples were collected by retrieving glass 
slides that had been placed two weeks previously at a pool and a riffle just upstream from the sampling 
station. The slides were analyzed for Chlorophyll A and ash-free dry weight. Primary Productivity was 
determined from the average accumulated mass on each set of nine slides as measured by ash-free dry 
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weight. Autotrophic Index was determined by dividing ash-free dry weight by the average Chlorophyll A 
determined from each set of nine slides. The results are summarized in figures 3 and 4. 
 
Figure 3 Primary productivity. 
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Figure 4 Autotrophic Index 
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DISCUSSION 
 
The results for this Ballard Creek site during 2002 can be compared to results from other Northwest 
Arkansas watersheds that were investigated using the same sampling and load calculation protocols. Table 
3 lists the results for TSS, phosphorus and discharge from 6 other watersheds. TSS and phosphorus are 
shown as total annual loads per acre, annual storm loads per acre, and annual mean base-flow 
concentrations. The total loads indicate the mass of TSS or P that are being transported to a receiving water 
body. Storm loads per acre may be used to represent relative impacts from non-point sources The base-flow 
concentrations show relative levels of TSS and P that are impacting in-stream biological activity during 
most of the year. These are the values that are of greatest interest for determining impacts to in-stream 
macro invertebrate habitat and nuisance algae production.  These values do not necessarily represent actual 
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base and storm flows, but rather represent comparable values for determining the relative impacts in similar 
watersheds. 
The Ballard creek watershed above the sampling station is 15,600 acres in size. The total TSS and storm 
TSS loads per acre would be 77 and 42 #/ acre. The total T-P and storm T-P loads would be 0.76 and 0.21 
#/acre. These numbers are considerably lower than the other watersheds, but are not comparable since the 
Ballard Creek data represents only the partial year with few storm events. The baseflow concentration data 
is more comparable. The base TSS concentration of 8 mg/l is the lowest of any of the watersheds but the 
base P concentration at 0.14 mg/l is higher than Moores Creek a similar watershed and the only one 
compared that doesn’t have a point source discharge. 
 
 
Table 3. Results from six other Northwest Arkansas Watersheds. 

  

West Fork 
at 

195 
 

White 
River at 
Wyman 

 

Kings 
River at 

143 
 

Osage 
Creek at 

112 
 

 
Illinois 

River at 59 
 
 

Moores 
Creek 

 
 

ACRES 65,920 256,000 337,280 22,208 368,000 2,200 
YEARS of data 1 1 4 1 6 2 

             
tss load 
 (#/acre) 839 644 351 466 340 413 

tss storm load 
(#/acre) 570 475 320 182 312 382 

tss conc. base (mg/l) 170 93 27 39 20 12 
p load 

 (#/acre) 1.30 1.38 0.89 1.16 1.38 1.44 
p storm load (#/acre) 0.91 1.00 0.62 0.70 0.98 1.16 
p base conc. (mg/l) 0.25 0.21 0.24 0.28 0.26 0.10 
DISCHARGE (ft3) 3.5E+09 1.5E+10 1.5E+10 1.2E+09 1.9E+10 8.6E+07 
DISCHARGE/AC 

(ft3/acre) 53,419 57,847 44,161 55,475 52,625 38,987 
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