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PROJECT DESCRIPTION

In Northwest Arkansas, nutrients transported by surface water are a major concern.
These nutrients are implicated in causing water quality impairment of lakes in Northwest
Arkansas and eastern Oklahoma. The nutrients of concern are nitrogen and phosphorus.
Nitrogen and phosphorus stimulate algae production in water bodies and can cause
objectionable water quality. Problems associated with algae growth are aesthetic
impairment, objectionable taste and odor of potable water, interference with recreation
activities, and fish kills in some hyper-eutrophic cases. The sources of these nutrients are
primarily from land application of confined animal wastes as soil amendments to pastures.

In 1990, the University of Arkansas Cooperative Extension Service (CES) and U. S.
Department of Agriculture Natural Resources Conservation Service (NRCS) initiated a
program in the Muddy Fork watershed of the Illinois River. This program focused on
implementing best management practices (BMP) in the watershed that would reduce
nutrient losses from pastures. Education, technical assistance, and cost sharing was the
approach used by these agencies to encourage BMP implementation. The predominant
BMPs implemented were nutrient management, pasture and hay-land management, waste
utilization, dead poultry compo sting, and waste storage structures.

In 1991, the Arkansas Soil and Water Conservation Commission (ASWCC) and the
U. S. Environmental Protection Agency (EPA) sponsored a monitoring project in the
Lincoln Lake Basin. The Lincoln Lake Basin, part of the Muddy Fork watershed, received
appreciable BMP implementation by the CES and NRCS. The objective of this
monitoring project was to demonstrate the effectiveness of the implemented BMPs in
reducing nutrient transport from the pastures in this intensively managed area.

Nutrient transport by Moores Creek and Beatty Branch, the two streams that feed
Lincoln Lake, was monitored from September 1991 until April 1994 (Edwards et al.,
1996 and 1997). During storm flow conditions, significant decreases in mean
concentrations and mass transport of nitrate-nitrogen (NO3-N), ammonia-nitrogen (NH3-
N), total Kjeldahl nitrogen (TKN), and chemical oxygen demand (COD) were observed in
this watershed and attributed to BMP implementation. There were no decreases in total
phosphorus (TP) or total suspended solids (TSS). Likewise, during base flow conditions,
significant decreases of NH3-N, TKN, and COD were observed. After the end of this
initial monitoring project, the stream monitoring continued on a limited basis in the
Lincoln Lake basin. This report will compare the results of continued monitoring to the
findings of the first project. This supplemental monitoring was conducted from 1 January
1995 until 30 September 1997.

PROJECT OBJECnVES

The objectives of the continued water quality monitoring of Moores Creek and Beatty
Branch are to 1) determine if the reductions in mean concentration and mass transport of
nitrogen have been sustained, 2) determine if transport of nitrogen continues to decline,
and 3) search for changes in phosphorus transport.



MATERIALS AND METHODS

Watershed Description
The Lincoln Lake basin is a sub-basin of the Illinois River watershed that is located in

Northwest Arkansas and eastern Oklahoma (Figures 1 and 2). Moores Creek and Beatty
Branch Creek are the two streams that flow into Lincoln Lake (Figure 3). The drainage
area of the Lincoln Lake basin is approximately 3240-ha with Moores Creek and Beatty
Branch draining 2120 and 1120-ha, respectively.

The 1990 land use in the overall Lincoln Lake basin is 56% pasture, 34% forest, and
10% other uses. Land use distribution in the monitored portion of the Moores Creek
watershed is 62% pasture, 26% forest, 7% urban, and 5% other uses. Whereas, the
monitored portion of the Beatty Branch basin has 57% pasture, 40% forest and 3% other
uses.

Nutrient management, pasture and hay-land management, waste utilization, dead
poultry composting, and waste storage structures were the predominant BMPs
implemented. The distribution of all the BMPs implemented within the Lincoln Lake
watershed is mapped in Figure 4.

In the fall of 1995 a timber harvest began in the Moores Creek watershed. Select
hardwoods were removed from approximately 200-ha. The timber harvest continued until
the spring of 1996. Following the tree removal the cleared areas were sub-divided into
residential tracts. Therefore, the land use distribution of forest in the Moores Creek
watershed declined in favor of residential development. In response to this change in land
use, a new monitoring site (Figure 3) was installed above the harvested area.

Water Quality Monitoring
Two water quality monitoring sites from the first study were maintained for the

collection of base flow and storm flow samples. These two sites are referred to as Beatty
Branch (BB) and lower Moores Creek (LMC). Another monitoring site was installed
upstream of the timber harvest activity and is referred to as the upper Moores Creek
(UMC) site. The locations of these monitoring sites are displayed in Figure 3. Automated
samplers and data-loggers were used at all sites to measure and record stream stage and
collect flow-weighted composite or discrete water samples during storm flow events.
Flow-weighted composite storm samples were collected at the BB and LMC sites while
discrete storm samples were collected at the UMC site. Base flow water samples were
collected as grab samples on two week intervals at all sites.

The LMC monitoring site was located upstream from the lake at a point that
represented about 85% of the total drainage area or 1800-ha. Whereas, the BB site
accounted for 71 % of that total drainage or approximately 800-ha.

Water samples collected at base flow or from a storm were analyzed for
concentrations of NO3-N, NH3-N, TKN, TP, total organic carbon (TOC), and TSS.
Stream stage was monitored continuously and converted to discharge using a rating-curve.
Mass transport of nutrients, carbon, and sediment were calculated by integrating, with
respect to time, the product of the mean event concentration and stream discharge. The
methods used to apply the analytical concentrations across the discharge hydrographs are
described in Table I.
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Discharge at the LMC site was calculated by first converting pressure transducer
response to stage using factory provided calibration values, then converting stage to
discharge using a rating curve developed in the original Moores Creek project. The
stage to discharge conversion was calculated as follows:

when
when
when

0 < x < 1.85 in
1.85 in < x < 35.525 in
35.525 < x < oc.

Discharge (cfs) = 0
= 5.37(x/12) 3.3

= 8.41(x/12)2.91

where x = stage in inches -1.8

This stage to discharge conversion was originally done by the Campbell Scientific data
logger and discharge was downloaded to the spreadsheet for load calculation. However,
it was determined in July 1997, during a no flow period, that the stages recorded were
negative as a result of drift in the pressure transducer reading. The largest negative
value recorded was 2.04-in. In order to correct for this transducer drift, the stage was
downloaded to the spreadsheets where the discharge was calculated according to the
above relationships after adding 2.04-in. back to the stage. This correction was applied
to the entire data set beginning in January 1996.

Discharge at the BB site was calculated by first converting pressure transducer
response to stage using factory provided calibration values, then converting stage to
discharge using a rating curve developed in the original Moores Creek project. The
stage to discharge conversion was calculated as follows:

Discharge (cfs)
= -5.7743x5 + 23. 137x4 -30.922x3 + 19.961x2 -3.4722x + 0.7357 when 0 < x
< 0.63

4 3 2= 76.865x -224.7x + 246.19x -116.38x + 20.829 when 0.63 < x
< 0.88
= -493.7x5 + 3165.1x4- 8027x3 + 101.09x2- 629.7x + 1547.9 when 0.88 < x
< 1.68
= -0. 1212x5 -1.9356x4 + 10.815x3 + 0.3038x2 + 47.208x -68.795 when 1.68 < x
< 1.83

3.4312= 7.599 x when 1.83 < x
< 2.58
= -1.8582x5 + 42.333x4- 335.91x3 + 1417.8x2- 2803.3x + 2108.5 when 2.58 < x
<10.

where x in feet = (stage in inches -2.4) I 12

This stage to discharge conversion was done by the Campbell Scientific data logger
and discharge was downloaded to the spreadsheet for load calculation

Discharge at the UMC site was calculated by first converting pressure transducer
response to stage using factory provided calibration values, then converting stage to
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discharge using a rating curve developed during this project. The stage discharge
relationship developed was as follows:

when
when

0 < x < 0.975 ft
0.975 < x < 5 ft.

Discharge (cfs)
= 0.595x
= 20.335 X2 -34.656x + 15

where x in feet = stage in feet

The stage was downloaded to spreadsheets where the above relationships were used to
calculate discharge to be used in the load calculations.

Monthly mean concentrations were calculated for each of the sites and for each
measured parameter by dividing the monthly mass transport determined for a given
measured parameter by the total discharge for the month. These calculations were done
for combined flow (total), base flow and storm flow. The base flow and storm flow
loads were differentiated by defining storm flow as all discharges above the sampling
trigger level. The trigger levels were as follows:

UMC trigger = 27 in
LMC trigger = 22 in
BB trigger = 19 in.

The trigger levels for LMC and BB were the same levels used in the original project.
The trigger level for UMC were chosen so that the upper and lower sites would trigger
at approximately the same relative point on a hydrograph.

Statistical Trend Analysis
In previous monitoring of these basins by Edwards et al., statistical trend analysis was

performed over a three year period form 1991 to 1994. The trend analyses for this period
are published by the authors (Edwards et al. 1996 and 1997). Trend analysis requires that
there is consistency throughout the monitoring period in the methods used to produce the
mean concentration and mass transport. The methods used by Edwards et al. could not
precisely be reproduced for calculation of mean concentrations and mass transport.
Therefore, to prevent the possibility of creating a significant trend as a result of differing
calculation methods, the judgment was to conduct trend analyses over the period from
1995 to 1997.

The objective of the statistical analysis was to determine if the response variables
exhibited a significant increasing or decreasing trend across time. We chose to carry out
an analysis consistent with that of Edwards et al. for data collected during prior years.
Each of the response variables was transformed by the natural logarithm for use as the
dependent variable in the statistical analysis. The trend analysis was achieved by a linear
regression on time, where time was represented by the number of months of the sample
collection and January 1995 was designated as the first month. The regression model
included the sine and cosine functions of time in order to remove potential seasonal effects
that would be consistent across years. A significant (p<O.1 0) regression coefficient,
determined by a t test, indicated the presence of a trend with time, and the sign of the
coefficient indicates whether the trend is increasing (positive) or decreasing (negative).
The regression model is as follows:
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In(y)=BO + Bl(time) + B2 sin(2n time/12) + B3 cos(2n time/12).

RESULTS AND DISCUSSION

Stream Discharge
Monthly stream discharges past the LMC, UMC, and BB monitoring sites under

storm, base and combined flow (base flow and storm flow combined) conditions are
described by Figure 5. The usual occurrences of high stream flows in this region of the
country are in the spring and fall of the year. The exception to this general concept was
the fall of 1995 when the usual fall rainfall lacked the intensity of produce the runoff.

Trend analyses of stream discharge at base flow, storm flow and combined flow
conditions at the BB, LMC, and UMC sites are presented in Table 2. Only at the BB site
was there a significantly increasing trend in stream discharge. Base flow and combined
flow discharge both significantly increased, however, there was no change in storm flow
discharge overall. Therefore, the increase in base flow accounted for the increase in
combined flow. The lack of change in discharge at the LMC site could have been due to
the timber harvesting activities that occurred early in the project. During active harvesting
periods in the fall and early winter of 1995, runoff could have been enhanced. Whereas,
the capability of the harvesting to enhance runoff became less following the under-story
re-growth in the spring and summer of 1996. No changes at the UMC site can be
explained by the monitoring period. Discharge monitoring at the UMC site did not
include the dry fall of 1995 and was insufficient in length (15 months) to determine yearly
trends.

Mean Concentrations
Flow-weighted mean concentration ofNO3-N, TP, ~-N, TKN, TOC, and TSS

under combined flow, base flow, and storm flow conditions were calculated for the LMC,
UMC, and BB sites on a monthly basis. The LMC and BB sites have monthly
concentrations from January 1995 until September 1997. Whereas, the UMC site has
monthly concentrations from July 1996 until September 1997. These mean concentrations
are plotted by month in Figures 6 through 14. Overlain onto each graph of mean
concentrations are the predicted lines that represent the regression models used to
determine trends within time. The coefficients in the regression equation defined
previously to produce these lines are listed in Tables 4, 5, and 6. Two rules are used to
determine if there is a significant trend within time for a parameter. The first rule is that
the model must be significant (p<O.1 0) and the second rule is that the regression
coefficient that represents the slope with time (trend slope) must be significant (p<O.10).
All cases where these two rules were met are summarized in Table 3.

Significant downward trends (Table 3) for mean concentrations of~-N, TKN, and
TOC were observed at the LMC site. Ammonia-N and TOC concentrations decrease over
the course of the monitoring period at this site only during storm flow conditions.
Whereas, TKN only decreased during base and combined flow conditions. The previous
monitoring effort by Edwards et at. (1996 and 1997) showed decreasing ~-N, TKN,
and COD during base flow and NO3-N, ~-N, TKN, and COD during storm flow at the
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