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EXECUTIVE SUMMARY

Introduction

Lake Mitchell is a man-made reservoir created to serve as a drinking water supply and
recreation center for the City of Mitchell and the surrounding south central area of
South Dakota. Mitchell currently has a population of approximately 14,000. Lake
Mitchell is utilized as the primary drinking water supply for the city, as well as for
boating, fishing, and other water contact recreation. The surface area of the lake is
671 acres and the contributing watershed area is 350,960 acres. Firesteel Creek drains
the major subwatersheds and flows into the west end of the lake.

During recent years, city officials, lake property owners and recreational users of the
lake have expressed concern about the declining water quality of the lake. The
primary concerns are the taste and odor problems and excessive algae blooms.

The Firesteel Creek/Lake Mitchell study, which began in 1993, was scheduled to be a
two year study. However, due to lack of flow in the tributaries and limited number of
samples collected, the project was extended into 1995. The study consisted of inlake
and tributary water quality monitoring to determine the causes of the algae blooms
and the taste and odor problems. The sampling was also designed to characterize the
effects of the watershed inputs on the inlake water quality. In 1995, the Agricultural
Nonpoint Source (AGNPS) modeling was initiated to further identify and target
problem areas in the watershed. Required agricultural information was incorporated
into the computer model. The primary objectives of utilizing a computer model on
the Lake Mitchell watershed were to:

1) Evaluate and quantify Nonpoint Source (NPS) yields from each
subwatershed and determine the net loading to Lake Mitchell ;

2.) Define critical NPS cells within each subwatershed (elevated sediment,
nitrogen, phosphorus).

3.) Prioritize and rank each concentrated feeding area and quantify the nutrient
loading from each feeding area.

Results
The results of the water quality samples and the computer model were analyzed and
following conclusions were formulated:

1. Watershed Analysis - The overall sediment loading to Lake Mitchell appears to
be low. The AGNPS model predicted an annual load of 39,370 tons of sediment to
Lake Mitchell. This sediment load would reduce the depth of Lake Mitchell 1 foot
every 61 years. Analysis of the 1993 water quality data estimated even less
suspended solids entering the lake per year (14,053 tons). When a detailed
subwatershed analysis was performed by AGNPS, 7 of the 40 subwatersheds
analyzed appeared to have above average sediment deliverability rates. The seven




subwatersheds with elevated sediment yields were found to contain 34.3% of the
critical erosion cells and occupy 8.3% of the watershed area. The suspected source of
elevated sedimentation is from agricultural croplands that have land slopes of 5% and
greater. Water quality samples collected found elevated suspended sediment loads in
the same locations as the AGNPS model.

The total nutrient loadings to Lake Mitchell are high. The model estimated the annual
loadings to Lake Mitchell at 166 tons of nitrogen and 63.3 tons of phosphorus. Water
quality monitoring in 1993 estimated annual loadings of 197 tons of nitrogen and 67.1
tons of phosphorus. It was not possible to pinpoint the sources of the nutrients with
the water quality monitoring since the sites were so widely spread throughout the
watershed. With the low sedimentation rate to Lake Mitchell, the most likely source
of the high nutrients is from animal feeding operations within the watershed. Water
quality samples did contain large concentrations of fecal coliform in many of the
samples; again pointing to animal waste as a probable source.

2. Inlake - The concentrations of total phosphorus were more than 10 times the
amount needed for algae blooms to occur. Secchi disk readings and chlorophyll a
samples did not always correlate well with the high nutrient concentrations. It
appeared that algal growth was hindered by lack of light or possibly the short
residence time of phosphorus. The wet period during 1993 reduced the hydrologic
residence time to 22 days. According to modeling results from a model developed by
Vollenweider and Kerekes, the phosphorus residence time was only 11 days. The
short residence time of the phosphorus may not have given the algae time to
assimilate the phosphorus. During 1993, the lake actually had a flushing of
phosphorus. More phosphorus left the system than entered it. This was probably due
to the large amount of relatively low phosphorus groundwater entering the system.
Large alluvium and outwash areas are located along Firesteel Creek and the north
edge of the lake. The extra phosphorus that left the lake was probably from internal
loading (phosphorus released from the sediments).

The phosphorus reduction equation found that a 50% reduction of phosphorus inputs
to the lake would reduce the chlorophyll a concentrations to the mesotrophic level.
The reduction of phosphorus would reduce the intensity and duration of algal blooms
and increase water clarity.

3. AGNPS Critical Cells - Lake Mitchell’s watershed has 8,774 individual 40 acre
cells. The sediment yield analysis revealed 270 (3.1%) had sediment erosion rates
greater than 4.0 tons/ acre js yex evenr- 1he suspected primary source of elevated
sedimentation within the critical cells is from croplands that have land slopes of 5%
or overgrazed rangelands that have slopes 8 % or greater.

Results of the AGNPS model indicated 173 (2.0%) of the individual cells had
nitrogen yields greater than 2.5 ppm ;5 year evenr: 1he model also indicated 297 (3.4%)
of the individual cells had phosphorus yields greater than .40 ppm 5 yeyr evenr- The
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suspected sources of the elevated nutrients are from animal feeding areas located
throughout the watershed.

4. Feeding Area Evaluation - An animal feeding area analysis indicated that animal
feeding operations appear to be contributing excessive nutrients. A total of 241
animal feeding areas were evaluated. Of these, 116 animal feeding areas were
identified as contributing excessive nutrients to the watershed (AGNPS ranking > 30).
Thirty-seven (37) animal feeding areas had an AGNPS ranking greater than 50. A
theoretical computer simulation was completed to evaluate the nutrient reductions if
feeding areas, with high AGNPS ratings, were eliminated. This analysis found that if
the animal feeding areas with an AGNPS non-corrected rating over 50 were
eliminated (37 sites), the soluble phosphorus concentrations to Lake Mitchell would
be reduced by approximately 37%. This analysis also indicated that if the animal
feeding areas with an AGNPS non-corrected ratings between 30-50 were eliminated
(an additional 79 sites), the soluble phosphorus concentrations in Lake Mitchell
would be reduced by an additional 14%. These two recommendations total a 51%
reduction in phosphorus loads to the lake. The phosphorus reduction model predicted
a 50% reduction would lower chlorophyll a concentrations to mesotrophic level as
discussed earlier.

Recommendations

1. - It is recommended that the implementation of appropriate Best Management
Practices be targeted to the critical cells and priority animal feeding areas. Feeding
areas with an AGNPS non-corrected rating above 30 should be evaluated for an
animal waste collection system to minimize future nutrient releases. It is also
recommended that all critical cells and feeding areas be field verified prior to the
installation of any Best Management Practices. Since the model does not accurately
predict the effects of summer long grazing, resource managers should address these
concerns on a case by case basis. Improved grazing and riparian management will
decrease bank erosion, increase sediment trapping efficiency, and reduce phosphorus
in the streams.

2. - The three storm sewers entering the lake should be rerouted to a settling basin
away from the lake. The storm sewers present a significant source of nutrient and
sediment input, considering the size of the drainage (8% of the nitrogen and 4% of the
phosphorus and 8% of the sediment load). Removing the storm sewers would also
remove the potential of an urban area spill from entering the lake.

These are the main recommendations from the study. From the data presented, these

methods would provide the most long term benefit for the resources invested. Other
alternatives are given in the "Restoration Alternatives” section of this report.
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LAKE MITCHELL WATER QUALITY REPORT
INTRODUCTION

Lake Mitchell, located in south central South Dakota (Figure 1), is a drinking water
supply for the city of Mitchell. Periodically Mitchell’s drinking water supply
experiences taste and odor problems. The city contacted the State of South Dakota for
assistance in conducting a study of Lake Mitchell and Firesteel Creek. The purpose of
the study was to find the causes of the drinking water taste and odor and the excessive
algal blooms. The study would also present alternatives to correct the problem. The city
of Mitchell sponsored and funded the study with technical assistance and equipment
provided by; 1) State of South Dakota Watershed Protection Program, 2) the Natural
Resources Conservation Service (NRCS), and 3) the conservation districts of Davison,
Aurora and Jerauld counties. The main components of the assessment consisted of inlake
water quality monitoring, algae sampling, tributary monitoring, storm sewer monitoring,
and land use assessment. In April, 1995, it was determined that an Agricultural Nonpoint
Source (AGNPS) model would be beneficial to the study and was completed along with
the other components.

The study was initiated in the spring of 1993, and proceeded until the AGNPS data was
collected in the spring of 1996. After the 1993 sampling season, the water quality data
showed high nutrient loads and concentrations throughout the watershed. Since it was
not cost effective to increase the water quality sampling to cover the entire watershed, it
was decided to run the AGNPS model. AGNPS, although a cumbersome model to use on
such a large watershed, is the best watershed nutrient and sediment model available. The
model helps locate problem or critical sediment and nutrient areas in a watershed. The
data collected for the model generates estimates of sediment and nutrients lost from each
cell and predicts sediment and nutrient loadings. In this study AGNPS was, and should
be used only as a planning tool to compare one 40 acre cell or subwatershed to another.

In July, 1995, the Davison County Conservation District secured a Federal 604b grant.
The grant was used to assist in the AGNPS data collection for most of the Firesteel Creek
watershed. The city of Mitchell collected the data from the Lake Wilmarth watershed.
Additional assistance from a private consultant was used to collect the information
needed for the concentrated animal feeding areas in the spring of 1996. The county
conservation district offices and the NRCS personnel were important resources
throughout the data collection process.



Figure 1.

Firesteel Creek Watershed
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