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EXECUTIVE SUMMARY

In 1996, a lake and watershed water quality assessment study was initiated for the
watershed of Clear Lake. Clear Lake is located in northeastern South Dakota in Deuel
County.  The watershed size for this lake totals 27,360 acres (11,072.6 ha).  The
watershed is defined by the drainage area from the headwaters of the main northwestern
tributary to the outlet of Clear Lake located directly east of the city of Clear Lake (see
diagram).

Main components of the assessment consisted of inlake water quality monitoring and
algae sampling, tributary monitoring, storm sewer monitoring, groundwater monitoring,
and a landuse assessment. The project included nine tributary monitoring sites, two inlake
monitoring sites, and three storm sewer monitoring sites. In order to further evaluate the
water quality of the Clear Lake watershed, landuse and geo-technical information was
compiled.  This information was incorporated into the Agricultural Nonpoint Source
computer model (AGNPS) to produce:

1. Nonpoint source yields from each subwatershed and the net loading at the
outlet of Clear Lake;

2. Critical nonpoint source cells within each subwatershed (identified by
elevated sediment, nitrogen, phosphorus); and

3. A priority ranking of each animal feeding area and a quantification of nutrient
loading.

Tributary water quality data collected during the project exhibited no exceedances of the
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water quality standards.  Inlake samples collected from Clear Lake exhibited a total of
five pH exceedances, and eight observations were below the dissolved oxygen standard
of 5.00 mg/L.  The standard for fecal coliform was not exceeded.

The main tributary from the northwest ran continuously during 1997 and comprised more
than 83% of the hydrologic budget, 99% of the total sediment load, and 93% of the entire
phosphorus budget for Clear Lake (see previous diagram).  The other tributaries at Sites
CLT-5, 6 and 10, were minor contributors to the overall hydrologic load to Clear Lake.

The AGNPS computer model indicated that three of the 10 primary subwatersheds had
high sediment deliverability rates.  The suspected sources of this sediment were relatively
steep agricultural lands with slopes of 4% and greater that are currently cropped or have
poor vegetative cover.  Four of the 10 primary subwatersheds analyzed had high nutrient
deliverability rates contributing very high amounts of nutrients especially in the form of
water soluble (dissolved) nutrients.  The model indicated that major nutrient sources may
have been streamside animal feeding operations and runoff from fertilized cropland.

Twenty-five animal feeding areas were evaluated as part of the study.  Of these, 16 were
found to have an AGNPS rank of 50 or more and 10 had an AGNPS rank of 60 or more
on a scale of zero (no impact) to 100 (severe).  Compared to other watersheds in eastern
South Dakota, the density of potentially critical feeding areas found in the Clear Lake
drainage was high (10 with an AGNPS rank exceeding 60).

Inlake monitoring of Clear Lake indicated that the lake is too shallow to undergo
permanent stratification.  The predominant algal species in Clear Lake during the summer
were the blue greens Aphanocapsa spp., Anabaena spp., Aphanizomenon flos-aquae, and
Oscillatoria agardhii.  These algae favor high concentrations of phosphorus.  Mean
concentrations of phosphorus in surface samples from the two inlake monitoring sites
(CL-1 and CL-2) were 0.167 mg/L and 0.174 mg/L, respectively.  This is considerably
higher than the 0.02 mg/L required to initiate intense blue-green algal blooms.

The average total nitrogen to total phosphorus ratio for both Clear Lake indicated
phosphorus limitation. The mean total phosphorus trophic status (TSI) was 77 for Clear
Lake indicating that it classified as hyper-eutrophic.  The summer chlorophyll a
concentrations for Clear Lake also ranged well within the hyper-eutrophic range.

Reduction response models were developed for Clear Lake sites using the significant
relationship between total phosphorus and chlorophyll a.  A 20% reduction of tributary
phosphorus loading to Clear Lake would result in a chlorophyll a concentration reduction
of 30%.  If the reduction could be reached, the TSI ranking for chlorophyll a would fall
to well below the hyper-eutrophic level.

With BMP installation on the 40-acre critical cells identified by AGNPS as having a rate
of erosion greater than 9.0 tons per acre, nitrogen yields of 10.0 lbs/acre, and phosphorus
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yields of 5.0 lbs/acre, a 10% reduction in nutrient loadings to Clear Lake can be achieved.
An additional 10% reduction can be achieved through the installation animal waste
management systems on 10 livestock feeding areas rated greater than 60 by the AGNPS
computer model.  Additional reductions in phosphorus loadings can be obtained if
phosphorus from lawn fertilization and storm sewers is contained or reduced.

The contribution of internal phosphorus loading to the nutrient budget of Clear Lake was
not calculated.  However, Clear Lake continually receives phosphorus from the main
northwestern tributary.  The shallow nature of Clear Lake allows the phosphorus trapped
within the lake basin to be recycled year after year.  A sediment removal project to
increase the depth may help to reduce inlake phosphorus concentrations.
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INTRODUCTION

Clear Lake is a 532 acre (215.3 hectare) natural lake located in central Deuel County in
the Prairie Coteau region of northeastern South Dakota (Fig. 1).  The lake was derived
from glacial activity and has a contributing watershed of approximately 27,360 acres
(11,072.6 ha).  The maximum depth of Clear Lake is 6 feet (1.8 meters) with a mean
depth of 4.5-ft (1.4 m) and has an estimated volume of 2,400 acre-feet (2.761x106 cubic
meters).

The major surface water connection with the lake is an unnamed tributary draining into
the lake from the northwest.  The importance of this tributary increased substantially
during the early 1900s when a diversion channel was created that allowed a direct surface
connection to the lake.  Without this diversion, the tributary would have entered the lake
only during times of heavy flooding by passing through a natural wetland complex.
Since that time, Clear Lake has experienced loss of depth and declining water quality and
other related problems due to activities that are usually associated with agricultural
watersheds.

The natural outlet of Clear Lake is located in the southwest corner of the lake and
delivers water into Hidewood Creek which eventually enters the Big Sioux River.  In
1996, a new concrete spillway was constructed to replace the old one, which had been
broken out and replaced with rocks.  The new spillway was built at an elevation of 6
inches (1773.5 msl) below the ordinary high water mark of 1774.0 msl.

In the past, Clear Lake has been used for general recreation and immersion recreation
purposes such as swimming, boating, and fishing.

In 1996, a Phase I diagnostic/feasibility study was initiated for Clear Lake and its
surrounding watershed.  The purpose of this study was to locate and document sources of
nonpoint source pollution in the watershed and to produce feasible restoration
alternatives.  The study was done to provide adequate background information needed to
drive a watershed implementation project to improve water quality in the tributaries and
the lake.  This task was accomplished through in-lake and tributary water quality
monitoring as well as by computer simulation of the Clear Lake watershed using the
Agricultural NonPoint Source computer model (AGNPS).
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Methods and Materials

Hydrologic Data

Nine tributary locations were chosen for collecting hydrologic and nutrient information
from the Clear Lake watershed (Figure 2).  These monitoring locations were placed at
specific areas within the watershed that would best show DENR which sub-watersheds
were contributing the largest nutrient and sediment loads.  Gauging stations were
installed where water quality samples were collected to record the daily stage (water
level) of the tributary.  The recorders were checked weekly and data was downloaded
monthly.  A Marsh-McBirney flow meter was used to take periodic flow measurements at
different stage heights.  The stage and flow measurements were used to develop a
stage/discharge table that was used to calculate average daily loading for each site.  The
daily loadings were totaled to determine the annual loading rate.

Monitoring was conducted from March through November of 1997.  Monitoring took
place primarily during 1997 although samples were collected March-June of 1998.  At
that time it was decided to continue to monitor the hydrologic loadings until August of
1998 when all the monitoring and gauging equipment was finally removed.  Continuous
base flow data was collected from each tributary monitoring site.  Data that was collected
included average daily stage, instantaneous discharge, and water quality samples.  When
possible, peak flow event data was also collected in order to determine the loadings
delivered during these events.  All tributary water quality samples collected during the
project were collected with a model DH-47 suspended sediment sampler.  When using
the DH-47, a similar length of time is used to travel from the surface of the stream to the
bottom of the stream and back to the surface (called a vertical).  A series of verticals is
spaced evenly across the stream.  The sampler is designed in such a way as to collect
water based on the discharge at each specific vertical, i.e. the faster the flow the more
water will be collected at that vertical during the same time interval.  This allows for a
more representative sample to be collected at a specific cross-section of stream.  See the
South Dakota Department of Environment and Natural Resources Watershed Protection
Standard Operating Procedures manual for further details.

Tributary Water Quality

All sites, (tributary and lake outlet) were sampled twice weekly during the first week of
snowmelt runoff and once a week thereafter until the runoff stopped in April.  Base flow
monitoring also took place after the snowmelt runoff ceased.  All nutrient and solids
parameters were sampled using approved methods documented in South Dakota’s EPA-
approved Standard Operating Procedures for Field Samplers.  The South Dakota State
Health Laboratory in Pierre, SD, analyzed all samples.  The purpose of these samples was
to develop nutrient and sediment loadings to determine critical pollution areas in the
watershed.
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A standard water quality sample set analyzed by the State Health Laboratory consisted of
the following parameters:

Total Alkalinity Total Solids Total Suspended Solids
Ammonia Nitrate-Nitrite Total Kjeldahl Nitrogen
Fecal Coliform Total Phosphorus Total Dissolved Phosphorus

Water quality parameters which were calculated from the measured parameters analyzed
above were:

Un-ionized Ammonia Organic Nitrogen
Total Dissolved Solids Total Nitrogen

In addition to the chemical water quality data above, physical parameters and biological
data were also collected.  The following is a list of field parameters collected:

Water Temperature Air Temperature Dissolved Oxygen
Field pH

Inlake Water Quality

Inlake water quality samples were collected once monthly at two inlake monitoring sites
except during periods of unsafe ice conditions (Figure 3).  The objective of this sampling
was to assess the current chemical, physical and biological conditions in the lake and
calculate the trophic condition of Clear Lake in Deuel County.  Due to the shallow nature
of Clear Lake (mean depth = 4.5 feet) samples were collected one foot beneath the
surface of the lake only.

In addition to the water quality parameters described above, chlorophyll a and algal
samples were collected at each inlake site.  Chlorophyll a is an index used to determine
quantity of algae present in the water.  Algae were identified to determine the population
dynamics and how these relate to the water quality of Clear Lake.

Inlake water quality parameters were the same as those previously listed with the addition
one parameter –secchi disk visibility.  Dissolved oxygen and temperature profiles were
also collected monthly for Clear Lake.

Elutriate samples were also collected from each inlake site (a total of two samples) to
analyze the sediment for  pesticides and nutrient content.
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Water Quality Parameters Defined:

A total phosphorus sample consists of two general forms of phosphorus.  The first is
dissolved phosphorus, which is a measure of the phosphorus dissolved in one liter of
water, not bound to any particle and available for immediate uptake by plants.  The
second form of phosphorus is the particulate phosphorus which is attached to a sediment
particle.  The particulate form is calculated by subtracting the dissolved phosphorus from
the total phosphorus.

Dissolved phosphorus is not attached to sediment particles and is the form of phosphorus
most available for uptake by plants and algae.  Sources can be fertilizer, animal waste
runoff, and phosphorus detergents.  The quantities of phosphorus entering streams
through land runoff vary greatly and are dependent upon soils, vegetation, quantity of
runoff and pollution (Wetzel, 1983).

Suspended solids are those solids transported in the water column to the receiving body
of water (lake or reservoir).  Suspended solids concentrations are an estimate of the
sediment transported in the stream.

Fecal coliform is a bacteria that is an indicator of waste material from warm-blooded
animals and usually indicates presence of livestock wastes.

Nitrogen is found in many forms in the environment, both inorganic and organic.
Nitrates + nitrites (NO3+2) and ammonia (NH4

+) can be indicators of excessive inputs of
fertilizer and animal wastes as well as the products of natural breakdown of vegetation.
Ammonia is a breakdown product of the biodegradation of vegetation and other organic
matter, such as animal wastes.  Un-ionized ammonia is highly toxic to many organisms
and is subject to South Dakota water quality standards.  The concentration of un-ionized
ammonia is dependent upon the temperature and pH of the water.

Total Nitrogen is calculated by summing total kjeldahl nitrogen and the nitrate+nitrite
nitrogen.

Organic nitrogen is an estimate of the amount of nitrogen tied up in vegetation or animal
biomass.  To estimate organic nitrogen, ammonia is subtracted from total kjeldahl
concentrations.

The buffering capacity of water is estimated by measuring the concentration of total
alkalinity.

Quality Assurance/Quality Control samples were collected according to South Dakota’s
EPA approved Clean Lakes Quality Assurance/Quality Control Plan.  This document can
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be obtained by contacting the South Dakota Department of Environment and Natural
Resources at (605) 773-4254.

The subsequent discussion reviews the water quality and flow data from each site within
the northwestern drainage upstream of Clear Lake (Sites CLT-1, 2a, 3, and 7).  The
discussion begins with Site CLT-1, the site located furthest upstream of Clear Lake, and
moves progressively downstream discussing how each downstream monitoring site is
effected by the upstream sites and Clear Lake.

The next discussion will compare Site CLT-6 and Site CLT-10, located on two small
tributaries draining from the north and east draining through small wetlands and then into
Clear Lake.  Another drainage from the west is then discussed.  This subwatershed
includes Sites CLT-4 and CLT-5.  The final discussion will include the water quality
trends and loadings associated with Sites CLO-9 (outlet of Clear Lake), and CLT-7 which
has been found to provide the majority of water, nutrients and sediment to Clear Lake.

Sites for the Clear Lake drainage were numbered in consecutive order progressing
downstream to the final monitoring site on the outlet (Site CLT-9) (Figure 2).
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WATER QUALITY DISCUSSION

South Dakota Water Quality Standards

Inlake Standards

The beneficial use classifications established for Clear Lake are not to be construed as
limiting the actual use of the lake.  The classifications designate the minimum quality at
which the surface waters of Clear Lake are to be maintained and protected.  Clear Lake
has been assigned the following water quality beneficial uses:

(6) Warmwater Marginal Fish Life Propagation
(7) Immersion Recreation
(8) Limited Contact Recreation
(9) Wildlife Propagation and Stock Watering

A set of water quality parameters is associated with each of these beneficial uses.  Each
of those water quality parameters has a set numerical standard which cannot be exceeded.
In a case where two or more beneficial uses have different standard limits for the same
parameter, the most stringent standard is applicable.  The most stringent standard limits
for the water quality parameters collected for this study are shown in Table 1.

Table 1.  Applicable Criteria for the Assigned Beneficial Uses to Clear Lake.

Parameter Limits
Un-ionized Ammonia* ≤ 0.05 mg/L
Dissolved Oxygen ≥ 5.0 mg/L
PH ≥ 6.0 and ≤ 9.0 su
Suspended Solids ≤ 263 mg/L
Total Dissolved Solids ≤ 4,375 mg/L
Temperature ≤ 32.22oC
Fecal Coliform** ≤ 400/100 mL (grab sample)
Alkalinity ≤ 1313 mg/L
Nitrates ≤ 88 mg/L
Conductivity at 25oC ≤ 7,000 mg/L

* The daily maximum of un-ionized ammonia must be ≤ 1.75 times the applicable criterion
found in Appendix A to ARSD Chapter 74:51:01.

** Fecal Coliforms from May 1 to September 30 may not exceed 200 per 100 mL, which is a
geometric mean based on a minimum of 5 samples obtained during separate 24-hr periods
for any 30-day period.  They may not exceed this value in more than 20 percent of the
samples examined in the 30-day period.  Also, fecal coliforms may not exceed 400 per 100
mL in any one sample from May1 to September 30.

  
There was a total of 36 samples collected from Clear Lake during the course of this
investigation.  Eight of these samples (22.2%) had dissolved oxygen concentrations less
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than the standard of 5.00 mg/L.  The dissolved oxygen standard is set at 5.00 mg/L
because fish and other aquatic life begin to show signs of stress due to lack of oxygen at
this point.  These exceedances of the dissolved oxygen standard occurred during the
winter and summer months.  During the January and February sampling dates both inlake
sites exhibited an extreme drop in the dissolved oxygen concentration to levels
significantly less than the standard 5.00 mg/L.  In addition, the dissolved oxygen
concentrations were not significantly different during these two sampling dates, ranging
from a minimum of 1.20 mg/L to a maximum of 1.60 mg/L.  Clear Lake is an extremely
shallow lake (mean depth = 4.8 ft) with excessive amounts of nutrient enriched sediment.
Moreover, the amount of organic material accumulated over the growing season needs to
undergo biodegradation.  This process of biodegradation, which requires oxygen,
continues during periods of low light when photosynthetic rates are reduced.  During the
two sampling dates in January and February of 1997 the depth of the snow reached two
feet on certain areas of the lake which reduced the rate of oxygen production from
photosynthesis.  Coupled with the shallow depth and the snow the dissolved oxygen
levels continued to decline through November and December (1996) until reaching their
lowest point in January and February of 1997.

A similar phenomenon occurred during the summer of 1997 when the remaining four
exceedances of the dissolved oxygen standard were documented.  Four samples collected
from the two inlake sites during June and July’97 exhibited concentrations of oxygen less
than the standard of 5.00 mg/L.  Again both sites were not significantly different, ranging
from a minimum concentration of 3.75 mg/L to a maximum of 4.50 mg/L.
Biodegradation uses oxygen in the chemical breakdown of organic matter. This is the
same phenomenon that occurs during the summer.  Summerkill occurs when there is not
enough oxygen produced to replace the oxygen used in the oxidation of the tremendous
amount of organic matter (algae blooms) that needs to undergo biodegradation.

pH is another parameter subject to the water quality standards assigned to Clear Lake
(Table 1).  pH is strictly an index of how acidic or basic a solution is through the
measurement of the hydrogen ion concentration.   The pH of typical calcareous water is
the result of the ratio of hydrogen ions (arising from the two dissociations of carbonic
acid) to hydroxyl ions (provided by the hydrolysis of bicarbonate and carbonate).  The
importance of photosynthesis is obvious here, for plants and algae can successively
absorb CO2, and eliminate bicarbonates, precipitate carbonates, and form hydroxyl ions.
All these events account for rises in pH.  Most of the pH exceedances can be attributed to
algal blooms and the heavy aquatic plant growth that occurred during the summer of
1997.  There were five documented exceedances in Clear Lake.  Appendix B lists all the
water quality results for the parameters that are subject to water quality standards.

There were no exceedances of the remaining water quality standards identified in Table
1.
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Tributary Standards

The beneficial use classifications established for the streams within the Clear Lake
watershed designate the minimum quality at which they are to be maintained and
protected.  Those un-named streams have been assigned the beneficial uses:

(9) Wildlife Propagation and Stock Watering
(10) Irrigation Waters

A set of water quality parameters is associated with each of these beneficial uses.  The
most stringent standard limits for the water quality parameters collected for this study are
shown in Table 2.

Table 2.  Applicable Criteria for the Assigned Beneficial Uses to all the
Streams within the Clear Lake Watershed.

Parameter Criteria Special Conditions
≤ 750 mg/L 30-day averageTotal Alkalinity as

Calcium Carbonate ≤ 1,313 mg/L Daily maximum
PH ≥ 6.0 and ≤ 9.5 su

≤ 2,500 mg/L 30-day averageTotal Dissolved Solids
≤ 4,375 mg/L Daily maximum
≤ 50 mg/L 30-day averageNitrates
≤ 88 mg/L Daily maximum
≤ 2,500 micromhos/cm 30-day averageConductivity at 25oC
≤ 4,375 micromhos/cm Daily maximum

There was a total of 134 water quality samples collected from nine tributary monitoring
sites within the Clear Lake watershed.  No exceedances of the water quality standards
were observed for any of the nine monitoring sites.
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TRIBUTARY WATER QUALITY AND LOADINGS

A listing of all the sites monitored during this study is located in Figure 2.  Ten tributary
sites were monitored during the course of the investigation to locate potentially high
phosphorus, nitrates, and sediment loadings.  A total of 11 parameters were analyzed and
used to determine the state of the water quality at each of these monitoring stations
during 1996-1998.

Monitoring was conducted from March through November of 1997.  Monitoring
commenced in late 1996 after the monitoring stations were installed in October with one
sample collected from sites that were currently running water.  Water quality and
discharge monitoring continued through the spring of 1998.  At that time it was decided
to continue to monitor the hydrologic loadings until June of 1998 when all the monitoring
and gauging equipment were finally removed.  Continuous base flow data were collected
from each tributary monitoring site.  Data that were collected included average daily
stage, instantaneous discharge, and water quality samples.  When possible peak flow
event data were also collected in order to determine the loadings delivered during these
events.  All tributary water quality samples collected during the project were collected
with a model DH-47 suspended sediment sampler.  When using the DH-47 a similar rate
of time is used to travel from the surface of the stream to the bottom of the stream and
back to the surface (called a vertical).  A series of verticals is spaced evenly across the
stream and the sampler is designed in such a way as to collect water based on the
discharge at each specific vertical, i.e. the faster the flow the more water will be collected
at that vertical.  This allows for a more representative sample to be collected at a specific
cross-section of stream.  See the Watershed Protection Standard Operating Procedures
manual for further details.

Seasonal Water Quality

Different seasons of the year can yield different water quality in a tributary due to
changes in precipitation and agricultural practices.  Tributary samples were separated into
spring (March 15 to May 31, 1997), summer (June 1 to August 31, 1997), and fall
(September 1 to October 30, 1997).  According to the water quality samples collected in
1997, the largest nutrient and sediment concentrations and loadings typically occurred
during the spring (Table 3).

The heavy snows that occurred during the 1996-97 winter explain this.  The excessive
amount of snow that melted during spring transported the bulk of the nutrients and
sediment during the 1997 sampling year.  This was also evident from the data collected
from the outlet of Clear Lake.  Although Clear Lake retained some nutrients and
sediment, the period in which the greatest amount of nutrients/sediment was transported
out of the lake also occurred during the spring runoff period.
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Table 3.  Average Chemical Concentrations for All Tributary Sites by Season*

Parameter Spring Summer Fall

Count Average Count Average Count Average
Flow 42 97.50 77 15.30 17 5.8
Dissolved Oxygen 15 9.17 47 5.75 21 7.53
Field pH 20 8.28 47 8.53 21 8.42
Fecal Coliform 20 69 40 13,416 21 1409
Alkalinity 20 172 47 181 21 262
Total Solids 20 373 47 490 21 545
Suspended Solids 20 40 47 28 21 16
Ammonia-N 20 0.170 47 0.038 21 0.074
Nitrate-Nitrite - N 20 0.89 47 0.80 21 0.43
Total Kjeldahl - N 20 1.08 47 1.39 21 1.35
Total Phosphorus 20 0.364 47 0.280 21 0.182
Dissolved
Phosphorus

20 0.153 47 0.199 21 0.118

* The shaded area is the highest seasonal concentration for that parameter.

The concentrations of phosphorus, nitrogen, and suspended solids are higher in the spring
than at any other time of year with the exception of dissolved phosphorus.  Applied
fertilizer, and the presence of animal waste, which are indicated by the increased fecal
coliform concentrations during the summer, are probably the cause of the higher
concentrations of bioavailable phosphorus during the summer season.  The other
increases in nutrients and sediment during the spring are the result of the heavy spring
flows and the decaying vegetation from the previous year’s growing season. Nitrate is
water-soluble; meaning it can easily dissolve in water.  In the spring the soil may be
either frozen or water-saturated so most of the flow is overland into surface waters.
During summer, with the presence of livestock in summer pastures, increases in
bioavailable phosphorus during this season are not unreasonable.

Water Quality and Loadings Discussion

Site CLT-1

Site CLT-1 is located in the far upper reaches of the Clear Lake watershed (Figure 4).
This monitoring site is near the beginning of the northwestern tributary which is the
primary contributor to Clear Lake.  The discharge for Site CLT-1 is derived from the
3,840-acre watershed identified by the AGNPS computer program.  A stage monitor was
placed on the culverts to monitor the total discharge from this small subwatershed and
derive pollutant loadings at or near the point of origin of the main tributary for Clear
Lake.
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A total phosphorus
sample consists of
two general forms of
phosphorus.  The
first is dissolved
phosphorus, which
is a measure of the
phosphorus
dissolved in one liter
of water not bound
to any particle and
available for
immediate uptake by
plants.   The second
form of phosphorus
is the particulate
phosphorus attached
to a sediment
particle.  The particulate form is calculated by subtracting the dissolved phosphorus from
the total phosphorus.

The mean total phosphorus concentration sampled from CLT-1 during 1997 was 0.254
mg/L.  Figure 21 indicates the range of phosphorus concentrations for all of the tributary
sites involved in the Clear Lake project.  As can be seen, TP concentration at Site CLT-1
is slightly higher than at Sites CLT-2A, CLT-3, and CLT-7.  Those 4 monitoring sites are
all in the same drainage, as will be discussed later.  Sites CLT-4 and 5 are in a separate
subdrainage, Site CLT-6 drains a small wetland from the north and Site CLT-10 drains a
small wetland from the east. Site CLT-1 was not significantly different from the two sites
immediately downstream (Sites CLT-2A and 3).  Site CLT-1 exhibited two peaks in
phosphorus concentration during the course of the sampling year.  These peaks occurred
during the spring and again during late summer. The maximum total phosphorus
concentration for Site CLT-1 was 0.438 mg/L and the minimum concentration was 0.033
mg/L.  The minimum and maximum concentrations were observed from samples
collected on May 12 and July 25, 1997, respectively.  TP concentrations in all of the 10
samples collected during 1997 were greater than 0.020 mg/L.  A concentration of 0.020
mg/L is the level of phosphorus where nuisance blue-green algae blooms begin (Wetzel,
1983).  The two peaks in concentration noted above may have been due to fertilizer
application or improper manure management in addition to the spring runoff.  This
correlates with the high fecal coliform mean of 13,228/100ml (Table 5).  Fecal coliform
bacteria are indicators of animal or human waste.  The AGNPS computer program
identified two feedlots with pollution ratings greater than 50 in this subwatershed, which
may be the cause of these high phosphorus and fecal coliform concentrations.

CLT-1

Figure 4.  Location of Subwatershed for Monitoring Site CLT-
1.
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Dissolved phosphorus is the
phosphorus not attached to
sediment particles and most
available for uptake by
plants and algae.  Sources
can be fertilizer, animal
waste runoff, and
phosphorus detergents.  The
quantities of phosphorus
entering streams through
land runoff vary greatly and
are dependent upon soils,
vegetation, quantity of
runoff and levels of
pollution (Wetzel, 1983).
The mean concentration for
Site CLT-1 was 0.202
mg/L.  The minimum and maximum concentrations of dissolved phosphorus were 0.022
and 0.350 mg/L, respectively.  These concentrations occurred on the same dates as the
total phosphorus minimum and maximum (May 12 and July 25).  Total dissolved
phosphorus was the primary component for total phosphorus.  On average, 79% of the
total phosphorus was dissolved-P (Table 5).  This indicates that phosphorus-laden
sediment from croplands is not a problem in this subwatershed.  There are other sources
of phosphorus that have a high dissolved –P component.  For example, the two feeding
areas identified within this subwatershed and the 12 critical nutrient cells that were also
identified by AGNPS.

Fecal coliforms are an indicator of waste material of warm-blooded organisms and
usually indicate the presence of livestock wastes.  Coliform bacteria usually occur
together with high concentrations of nutrients.  Fecal coliforms were a significant
problem in the water quality samples collected from Site CLT-1.  The mean
concentration was 13,228 colonies per 100ml.  This is a significantly high concentration
of coliform bacteria, strongly indicating the presence of some type of livestock operation.
As indicated in Figure 5, the concentrations of dissolved phosphorus and fecal coliform
have a slight relationship.  The sharp increase in dissolved phosphorus concentrations on
July 2 was accompanied by a correspondingly steep increase in the concentration of
coliform bacteria (99,000 colonies per 100ml).

Suspended solids are those solids transported in the water column to the receiving body
of water.  Suspended solids concentrations are an estimate of the sediment transported in
the stream.  Concentrations of suspended solids ranged from 5 mg/L to 68 mg/L for Site
CLT-1.  The mean concentration for Site CLT-1 was 18 mg/L (Table 5).   Seasonally, the
concentrations for suspended solids were significantly higher in the springtime with the
large snowmelt runoff.  The maximum concentration of 68 mg/L was observed on April

Coliform Bacteria and Dissolved Phosphorus Concentrations forTributary Site 
CLT-1

Clear Lake, Deuel County, South Dakota 1997 Data
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2, 1997.  After this maximum concentration only one of the remaining nine samples
exceeded 20 mg/L (27 mg/L).   This slight increase in suspended solids concentration
occurred on July 25 and was probably due to a rain event.   In comparison to the other
sites in this subdrainage (Site 2a, 3, and Site CLT-7) Site CLT-1 was significantly lower
in TSS than Site 3 and CLT-7 which are located downstream.  A mean of 18 mg/L
indicates that erosion is not a significant problem in this subwatershed.  However,
AGNPS did identify twenty-one 40-acre cells within this subwatershed that had higher
than average erosional characteristics and should receive some type of land treatment to
reduce this problem.

Total phosphorus and suspended solids concentrations can be related to periods when
there is heavy erosion occurring.  During these kinds of events, particulate phosphorus
should be higher than dissolved phosphorus.  A regression analysis was conducted to
determine the significance of the relationship between total suspended solids and total
phosphorus concentrations.  The R2 values in a regression analysis range from 0 to 1.  An
R2 value of 1 would indicate that all of the variability within the total phosphorus
concentration is due to the suspended solids concentration.  The analysis indicated no
relationship between these two water quality variables collected from Site CLT-1.  The
R2 value was 0.37 (d.f. = 9, n=10).  A strong relationship between these two variables
would have given evidence that total phosphorus is closely linked with erosion problems
via higher suspended solids concentrations.

Nitrogen is found in many forms in the environment, both inorganic and organic.
Nitrates + nitrites (NO3+2) and ammonia (NH4

+) can be indicators of excessive inputs
associated with fertilizer and animal wastes as well as the natural breakdown of
vegetation.  The mean concentration of nitrates for Site CLT-1 was 1.46 mg/L which was
the maximum mean for all of the tributary sites.  Site CLT-1 was consistently high
throughout the course of the year.  The minimum and maximum concentrations were 0.20
and 3.30 mg/L, respectively (Table 5).  The date when the fecal coliform maximum
concentration was observed (99,000) was also the date at which the maximum
concentration for nitrates was observed (July 2, 1997). This is also an indication of a
livestock presence in this subwatershed.

Ammonia is a breakdown product of the biodegradation of vegetation and other organic
matter such as animal wastes.  Although ammonia is often used to indicate the presence
of livestock, this particular site did not exhibit high concentrations.  The mean
concentration of ammonia (0.07 mg/L) was not significantly different than any of the
other tributary monitoring sites.  Ammonia was significantly higher in the spring.  The
maximum concentration of 0.38 mg/L was observed on April 2, 1997.  After this date the
concentrations dropped significantly for the rest of the sampling year.

Total nitrogen which is calculated by summing total Kjeldahl nitrogen and nitrate+nitrite
nitrogen, was significantly higher at Site CLT-1 when compared to the other sites in this
subdrainage (Site CLT-2a, 3, and 7).  The mean concentration was 2.71 mg/L and the
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maximum concentration was 5.29 mg/L.  The maximum concentration was observed on
the same date as the maximum concentrations of fecal coliform and nitrate+nitrite
concentration.  The larger nitrogen concentrations at Site CLT-1 from the parameters
described above were the primary reason for the higher mean concentration.  For an
estimate of organic nitrogen, ammonia is subtracted from total kjeldahl concentrations.
The mean concentration of organic nitrogen (1.18 mg/L) was not significantly different
than at any of the other sites (Table 5).   Nitrates+nitrites were consistently higher than
any of the organic nitrogen species resulting in the higher concentrations of total nitrogen
observed from Site CLT-1.  The higher nitrate+nitrite concentration can be attributed to
the feeding areas and the 11 critical nutrient (P and N) cells discussed previously.

The buffering capacity of water is estimated by measuring the concentration of total
alkalinity.  The minimum and maximum concentrations for Site CLT-1 were 92 mg/L
and 376 mg/L, respectively.  The mean concentration was 232 mg/L (Table 5).  The
buffering capacity of natural waters should range between 20 to 200 mg/L (Lind, 1985).

The remaining parameters did not exhibit any extreme values or significant differences
between Site CLT-1 and the sites downstream.  Table 5 shows the minimum, maximum,
mean, median, and standard deviation for each parameter collected from all of the
tributary sites.

From April 1 to November 10, 1997, Site CLT-1 discharged 2,725 acre-feet of water.
This amount of water transported 1.05 tons of total phosphorus and 1,298 tons of
suspended solids.  Because of the excessive amount of snowfall during the winter of
1997-1998 the spring run-off exhibited the highest rate of runoff, which occurred during
the months March - May 31, 1998.

Export coefficients are calculated through the use of total loadings discharged from a site
divided by the surface area (subwatershed) that this particular site drains.  For example,
Site CLT-1 drains 3,840 acres.  To determine the phosphorus export coefficient for Site
CLT-1 the total phosphorus loadings (2,096 lbs) was divided by the surface area of the
Site CLT-1 subwatershed (3,840 acres).  The phosphorus export coefficient for Site CLT-
1 would be 0.55 lbs of total phosphorus/acre.  The nutrient export coefficient for Site
CLT-1 is not significantly higher than for the other three sites in the northwestern
tributary subdrainage for Clear Lake.  Of the four sites in this drainage Site CLT-1 was
lower than Sites CLT-7 and CLT-3 for the phosphorus, dissolved phosphorus, and total
nitrogen export coefficients (Table 4).  The nitrate export coefficient for Site CLT-1 was
significantly higher than the other tributary sites. The suspended sediment export
coefficient was significantly lower than Sites CLT-2A, 3 and 7 (Table 4).   The higher
nitrate+nitrite export coefficients can be attributed to the significantly higher NO3+2
concentrations collected from Site CLT-1.
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Site CLT-2a

Site CLT-2a monitored a large subwatershed that drains most of upper watershed for
Clear Lake.  The AGNPS program estimated the size of the subwatershed at 9,000 acres.
The subwatershed drains into Lake Sutton which then drains into the main northwestern
tributary of Clear Lake (Figure 6).

Site CLT-2a total
phosphorus concentrations
were not significantly
different from the other
three sites in the
northwestern tributary
subdrainage.   The
minimum and maximum
concentrations of total
phosphorus for Site CLT-2a
were 0.096 mg/L and 0.458
mg/L, respectively.  The
maximum concentration
was collected on July 21,
1997.  Seasonally,
phosphorus exhibited higher
concentrations during the
summer months.  During
the spring and fall the
concentrations were significantly lower than at other times during the sampling year.  The
maximum concentration is still more than twenty times (>0.02 mg/L) the necessary level
for nuisance blue-green algae blooms to begin.  This particular subwatershed is different
in that the outlet of a lake was monitored instead of a tributary.  The water quality is
reflective of Lake Sutton and the wetland located on the outlet, in addition to the
contribution of the subwatershed above Lake Sutton, which is why phosphorus
concentrations were not significantly higher.  The lake and wetland serve as a filtering
apparatus, reducing the effect of the 9,000-acre subwatershed on the remaining
downstream watershed.  AGNPS identified 4 feeding areas with ratings that exceeded 50
(scale 0-100) which can be classified as moderately severe.  The computer program also
identified 24 critical nutrient cells (40 acres each) in this 9,000 acre subwatershed.
Concentration levels for phosphorus, nitrogen, and coliform bacteria could be reduced if
these nutrient cells and feeding areas are treated.

Total dissolved phosphorus concentrations were very similar to the total phosphorus
concentrations.  The minimum and maximum concentrations of dissolved phosphorus
were 0.031 mg/L and 0.421 mg/L, respectively.  The maximum concentration was the
highest dissolved phosphorus concentration observed for the project.  This concentration

CLT-1

CLT-2a

Figure 6.  Location of Subwatershed and Monitoring Site
CLT-2a.
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of 0.421 mg/L was observed on the same date as the maximum total phosphorus
concentration (July 21, 1997).  For this sample the dissolved phosphorus constituted 92%
of the total phosphorus.  Dissolved phosphorus was consistently the predominant form of
phosphorus.    During the summer, there may have been times when algal blooms in Lake
Sutton die off, releasing the phosphorus as the dissolved fraction.  This may explain the
increases in concentrations at this time, in addition to the four animal feeding operations
which can contribute high fractions of dissolved phosphorus.

The fecal coliform mean concentration was 3,830 colonies/100ml (Table 5).  Although
this concentration is the lowest when compared to means of other subwatersheds it is still
a relatively high concentration.  The maximum concentration was 24,000 colonies/100ml
which was sampled on July 21.  This is the same date when the phosphorus and organic
nitrogen maximums were observed as well.  According to the AGNPS modeling results
there were 4 feedlots with ratings exceeding 50 (scale = 0 to 100).  A feedlot with a rating
a 50 or greater is moderately severe in contributing nutrients to a waterbody.  The higher
phosphorus and coliform concentrations seem to confirm that there is some contribution
from the feeding operations located in this subwatershed.  Lake Sutton and the wetland
located on its outlet are not able to consume all of the nutrients from the subwatershed.
This results in the movement of dissolved phosphorus out of this subwatershed and into
the northwestern tributary where it is then transported into Clear Lake.

The suspended solids (TSS) mean was significantly lower than at the other sites at 9
mg/L.  A regression analysis conducted on TP and TSS concentrations indicated there
was no significant relationship between these two variables.  TSS ranged from a
minimum of 4 mg/L to a maximum of 20 mg/L (Table 5).  The low suspended solids
concentrations can be attributed to Lake Sutton and the wetland located on the outlet.
The lake and the wetland act as sediment traps reducing the amount of sediment
transported downstream.  However, there were 28 critical erosion cells (40 acres each)
identified in this subwatershed.  These  cells exhibited erosional levels exceeding 9.0 tons
per acre.  These cells should be treated to decrease the  rate of sediment deposition into
Lake Sutton.

The mean concentrations for the nitrogen forms were all consistently lower than any of
the other sites and did not indicate a problem.  Mean nitrate+nitrite concentrations for
CLT-2a were 0.19 mg/L which is significantly lower than the other sites in this
subdrainage (Site CLT-1, 3, and 7).  Minimum and maximum nitrates ranged from 0.10
to 0.80 mg/L, respectively (Table 5).  Although nitrates were significantly higher at Site
CLT-1 there seems to be no problem in this subwatershed which is probably due to the
filtration process completed by Lake Sutton and the wetland located on the outlet.  With
the exception of Site CLT-1, there was no significant difference between Site CLT-2a
and the remaining two sites in the northwestern drainage with regard to the remaining
nitrogen species (ammonia, organic, and total nitrogen).
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The mean dissolved oxygen concentration for Site CLT-2a was 4.3 mg/L.  This was
significantly lower than any of the other sites in this tributary drainage (Table 5).  This
can be explained by the presence of the wetland which has a tremendous amount of
organic material that needs to undergo biodegradation.  During the summer, the dissolved
oxygen concentrations decreased significantly due to warmer temperatures and stagnant
water.

Other parameters such as alkalinity, pH, and dissolved solids did not indicate any other
water quality problems in this 9,000-acre subwatershed (Table 5).

As with the other sites, most of the hydrologic loading occurred during the spring.  For
Site CLT-2a 60% of the total water discharged during 1997 occurred during the spring.
The majority of the sediment and nutrient loadings were also discharged during the
spring.

The 1997 phosphorus loading data exhibited an export coefficient of 0.29 TP-lbs/acre/yr
(Table 4).  This is minor in comparison to other sections of the watershed where 1.0 TP-
lbs/acre/yr was exceeded.  A total of 2,654 lbs. in 1997 of phosphorus was discharged
from Lake Sutton.  This quantity would have been higher if Lake Sutton would not have
acted as a nutrient and sediment trap.  Total dissolved phosphorus annual loadings totaled
1,949 lbs for a dissolved phosphorus coefficient of 0.22 lbs/acre.  This was also very low
in comparison to the other monitoring sites (Table 4).  Suspended solids and total
nitrogen export coefficients were 15 lbs/acre/yr and 2.33 lbs/acre/yr, respectively.   These
values were significantly lower than Sites CLT-1, 3, and 7.  This is can be attributed to
Lake Sutton acting as a nutrient and sediment trap.

Site CLT-3

Site CLT-3 drains an
additional 3,000 acres
from the north.  Both
the subwatersheds for
Sites CLT-1 and CLT-
2a drain through Site
CLT-3 for a total
drainage area of 15,840
acres (Figure 7).
Landuse is primarily
agricultural in this
subwatershed. There
were no exceedances of
the water quality
standards.

CLT-1

CLT-2a

CLT-3

Figure 7.  Location of Subwatershed and Monitoring Site CLT-3.
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Water quality results from the data collected in 1997 indicated no violations but some
chronic impairments were revealed.  The median fecal coliform count for Site CLT-3 was
1,400 colonies per 100 ml but the mean was 17,174 colonies per 100 ml primarily
because of the maximum concentration of 95,000 coliform colonies/100ml.  Of the four
sites included in this subdrainage (Site 1, 2a, 3, and 7) Site CLT-3 exhibited the highest
mean of 17,174 colonies per 100ml and highest maximum concentration of 95,000 fecal
colonies per 100 ml.  The maximum concentration occurred on July 21.  On this date the
maximum concentrations for ammonia, total nitrogen, and dissolved phosphorus were
also observed.  During 1997, there were other periodic spikes of fecal coliform
accompanied by higher concentrations of suspended solids, nitrates, and, total and
dissolved phosphorus.  In addition to the two animal feeding operations identified in the
subwatershed of CLT-1 and another four identified in subwatershed CLT-2a there was
one feeding area identified in the additional 3,000 acres downstream of the two upstream
sites.  According to the AGNPS program this feedlot was also rated > 50 (scale=0-100).
In addition, there was a heavily grazed pasture through which the northwestern tributary
traveled prior to reaching the Site CLT-3 monitoring site which may have caused some
increases in fecal coliform.  The higher concentrations of fecal coliform occurred during
the summer and fall months which may be due to cattle grazing during these times
whereas during the winter and spring they were moved to other areas.

Although there were high concentrations of fecal coliform bacteria, the mean
concentration of total phosphorus (0.221 mg/L) was not significantly different from Sites
CLT-1 and 2a.  However, it was significantly less than Site CLT-7.  Seasonally, the total
phosphorus concentrations were slightly higher in the spring runoff period.  The two
maximum concentrations for Site CLT-3 occurred during the month of July.  On July 2
and July 25, concentrations of 0.418 mg/L and 0.445 mg/L were observed.  This was also
the period in which high fecal coliform levels were observed.  The maximum
concentration of total phosphorus recorded from Site CLT-1 was collected on July 25 as
well.

The dissolved phosphorus mean concentration was 0.144 mg/L (Table 5).  The mean
percentage of dissolved phosphorus was 65%.  This was slightly lower than the two
previous sites and correlated with the higher suspended solids that were observed from
this site.  The nitrate+nitrite concentrations from Site CLT-3 were significantly lower
than those recorded from Site CLT-1.  However, the maximum nitrate+nitrite
concentration for Site CLT-3 was 2.8 mg/L and was collected on July 2.   This was the
same date for which the maximum concentration occurred at Site CLT-1 (3.30 mg/L).
The maximum coliform concentration at Site CLT-1 (99,000 colonies/100ml) and a high
coliform concentration at Site CLT-3 (81,000 colonies/100ml) were both recorded on this
date as well.  This indicates a significant problem located in Subwatershed CLT-1 and its
effect on downstream water quality.

The buffering capacity of this site was consistently high (alkalinity mean = 184 mg/L).
The pH levels ranged from 7.92 to 8.67 su and dissolved oxygen ranged from 4.2 mg/L to
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10.0 mg/L (Table 5).  In addition to the problem located in the Site CLT-1 subwatershed
there are two animal feeding operations rated > 60 located within the immediate
subwatershed of Site CLT-3.

The high concentrations of nutrients (TP mean = 0.221 mg/L) at Site CLT-3 are largely
bioavailable and susceptible to immediate plant and algal uptake.  Total phosphorus was
weakly correlated with the suspended solids concentrations (R2 = 0.49,n=12,df=11).
Mean and median suspended solids concentrations (mean = 32 mg/L, median = 16 mg/L)
were slightly higher here compared to the previous two sites. The data collected at Site
CLT-3 indicated that erosion was a more significant problem between Sites CLT-1, CLT-
2a, and Site CLT-3.   This can be attributed to the two livestock feeding areas as well as
21 critical nutrient cells located in
this subwatershed.

The subwatershed size above
monitoring Site CLT-3
contributes 15,840 acres to the
total Clear Lake watershed
(27,360 acres).  This constitutes
approximately 58% of the total
watershed.  Over 50% of the
nutrient and sediment loadings
occurred during the spring
snowmelt and rains (Figure 8).
During 1997, 27,304 acre-feet of
water were discharged through
this site into Clear Lake.  This
water transported 5.9 tons of total
phosphorus, 13,652 tons of suspended solids, 4.0 tons of dissolved phosphorus, and 56.7
tons of total nitrogen.  The phosphorus export coefficient for Site CLT-3 was 0.74 and
was slightly higher than that for Sites CLT-1 and 2a (Table 4).  The dissolved phosphorus
export coefficient of 0.50 lbs/acre was relatively high in comparison to the other sites
(Table 4).  This difference constitutes 26% increase in the phosphorus export coefficient
between Sites CLT-1 and CLT-3.

Seasonal Total Phosphorus Loadings for Site CLT-3

Spring
61%

Fall
25%

Summer
14%

Figure 8.  Seasonal Phosphorus loadings at Site
CLT-3
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Site CLT-7

Site CLT-7 is the final
site in the main
tributary for Clear Lake
(Figure 9).  This
subdrainage is 16,720
acres including the
surface areas of the
sites previously
discussed.  This
monitoring site was
located on the north
side of the city of Clear
Lake and
approximately ½ mile
west from where the
tributary enters Clear
Lake.

The mean total phosphorus concentration for Site CLT-7 was 0.305 mg/L.  This was
significantly higher than the other 3 sites in this subdrainage (Table 5).  This higher mean
can be attributed to the maximum concentration of 1.250 mg/L which was collected on
April 1, 1997.  This high concentration was associated with a high concentration of
suspended solids (66 mg/L).  The dissolved phosphorus fraction constituted only 16% of
this sample.  The high spring flows due to the excessive amount of snow, transported a
large amount of sediment during the runoff.  Particulate phosphorus or that fraction of
phosphorus attached to sediment was very high during this time period.  In addition, fecal
coliform concentrations were not a problem at this time.  The median concentration was
not significantly higher than for the other three sites.  In fact, it was significantly lower
than the median concentration recorded from Site CLT-1  (Table 5).  The median is the
middle value when all the observations are ranked highest to lowest.

The mean concentration for dissolved phosphorus was 0.143 mg/L (Table 5).  The mean
dissolved phosphorus fraction of total phosphorus was 57% which was slightly lower
than any of the upstream sites in this drainage.  This can be attributed primarily to the
higher suspended solids concentrations or the addition of more particulate-bound
phosphorus between Site CLT-3 and CLT-7.  The suspended solids mean concentration
was 43 mg/L.  The maximum suspended solids concentration was 146 mg/L and was
collected on July 25, 1997.  Usually, the higher the suspended solids (sediment)
concentrations the lower the dissolved phosphorus.  As mentioned previously, this was
also the date when the maximum suspended solids concentration for Site CLT-3 (178
mg/L) was observed. Although there were high concentrations of total phosphorus that
could be attributed to an increase in suspended solids, a significant relationship was not

CLT-1

CLT-2a

CLT-3

CLT-7

Figure 9.  Location of Subwatershed and Monitoring Site
CLT-7.
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evident.  A regression analysis was conducted between these two parameters which
indicated no relationship between these two parameters (R2=0.17,n=13,df=12).  The
dissolved phosphorus fraction was still relatively high during the course of the year.  The
upstream sites in this drainage seem to be having a significant impact on Site CLT-7 and
Clear Lake water quality.

Fecal coliform concentrations were not significantly different from Site CLT-3.  The
mean concentration for Site CLT-7 was still excessively high at 15,082 colonies/100ml
(Table 5).  The maximum concentration was 64,000 colonies/100ml and was collected on
July 21.  Again the maximum concentration collected at Site CLT-3 was also on this date
indicating a significant influence of the upstream site on Site CLT-7.

Excluding Site CLT-1 from the comparison because of its extremely high nitrate
concentrations, Site CLT-7 did not differ from the remaining two sites for all of the
chemical forms of nitrogen (Table 5).  The mean concentration for the nitrate+nitrites
was 0.54 mg/L and the maximum concentration was 2.80 mg/L.  The maximum nitrate
concentration was collected on the same date as Site CLT-3 which was also 2.80 mg/L
(Table 5).  Seasonally, the concentrations for the forms of nitrogen peaked during the
summer months.  The maximum concentration for total nitrogen and nitrate+nitrite
nitrogen occurred on July 2.

Site CLT-7 discharged 26,010 acre-feet of water, 11,921 tons of sediment, and 149 tons
of phosphorus during 1997.  The
overwhelming majority (>90%) of
the loadings for all of the parameters
including water occurred during the
spring runoff (Figure 10).

The export coefficient for total
phosphorus was significantly than
higher than the previous sites which
can be attributed to the significantly
higher mean concentration of
phosphorus.  This increase in the
phosphorus export coefficient
between Site CLT-3 (0.74 lbs/acre)
and Site CLT-7 (1.78 lbs/acre)
constitutes an over 50% increase.
The concentration of phosphorus was
biased by one extremely high
observation recorded on April 1, 1997 (1.250 mg/L).  As mentioned in the water quality
discussion for Site CLT-7, the median concentration for total phosphorus was not
significantly different than the median concentration for Site CLT-3.  This anomaly must
be taken into consideration when using the export coefficients to identify problem

Seasonal Phosphorus Loadings for Site CLT-7

Spring
91%

Fall
3%Summer

6%

Figure 10.  Seasonal Phosphorus loadings Site
CLT-7.
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subwatersheds in the Clear Lake watershed.  The export coefficients for the different
forms of nitrogen were slightly less than those for Site CLT-3.

The water quality data and loading coefficients indicated that there was not a significant
problem in water quality between Site CLT-3 and CLT-7.  The data indicated that the
sources of water quality problems for Site CLT-7 were located above Site CLT-3.  This
conclusion was also supported by the AGNPS computer model.  No significant livestock
feeding areas or nutrient and erosion cells were identified by this computer model.  Any
effort towards implementation should focus on the 15,840-acre subwatershed above Site
CLT-3.

Site CLT-6

Site CLT-6 is located
immediately north of
Clear Lake (Figure 11).
According to the
AGNPS program this
subwatershed is 1,000
acres in size and drains
into a wetland which
drains into Clear Lake.
This subwatershed is a
minor contributor to
Clear Lake, constituting
4% of the total
watershed. There is one
feeding operation located
in this subwatershed with
a rating of 57.

The values of the
concentration data for
total phosphorus were significantly lower than any of the other sites.  The mean
concentration was 0.082 mg/L.  The minimum and maximum concentrations for Site
CLT-6 were 0.096 mg/L and 0.159 mg/L, respectively.  The maximum concentration was
sampled in April during the spring runoff.  The fecal coliform concentrations did not
exceed 10 colonies/100ml.  However, only three samples were collected from this
drainage due to the lower flows during most of the year (<5cfs).  The suspended solids
mean concentration was 6 mg/L with a maximum concentration of 10 mg/L which was
collected on October 20, 1997.  Total nitrogen was significantly lower at this site as well.
The mean concentration was 1.32 mg/L with a maximum concentration of 1.37 mg/L.

CLT-1

CLT-2a

CLT-3

CLT-7

CLT-6

Figure 11.  Location of Subwatershed and Monitoring Site
CLT-6.
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The remaining water quality parameters were also significantly lower at this site which is
reflective of the smaller watershed and the wetland filtering process.  Although there is a
livestock feeding area with a high rating in this subwatershed, it should be field-verified
prior to any implementation.  There were only two 40-acre cells identified as having high
erosion potential within this subwatershed.

Site CLT-6 discharged 1,508 acre-feet of water directly into Clear Lake.  This water
transported 9.10 tons of suspended solids, 2.76 tons of nitrogen, and 0.21 tons of
phosphorus (Table 4).  The export coefficients were also significantly lower than the rest
of the sites with the exception of Site CLT-10 which is a small wetland located east of
Clear Lake.

Site CLT-10

Site CLT-10
monitored another
small watershed
which drains into a
wetland prior to
draining into Clear
Lake (Figure 12).
This subwatershed is
2,880 acres in size
comprising 11% of
the Clear Lake
watershed.  It drains
the southeastern
section of the Clear
Lake watershed.

The concentrations
were slightly higher in this particular subwatershed for most of the parameters.  However,
there were only two samples collected during 1997.  For both of these samples a
concentration of 0.381 mg/L was observed for total phosphorus.  The dissolved
phosphorus concentrations were 0.272 mg/L and 0.345 mg/L for both samples.  The
dissolved phosphorus concentrations constituted over 70% of the total phosphorus values.
In 1998, two samples were also collected from this wetland.  These samples were also
very high in nutrient concentration.  The higher concentration during 1998 was 0.658
mg/L.  This site exhibited moderately high concentrations of fecal coliform bacteria as
well. The mean concentration was 505 colonies/100ml with a maximum concentration of
980 colonies/100ml.  AGNPS identified 4 animal feeding areas within this subwatershed
which rated >50 (scale=0-100).   AGNPS also identified 6 critical nutrient cells and 7
critical erosion cells for this subwatershed and designated it as a priority watershed
regarding its contribution of sediment and nutrients to Clear Lake.

CLT-1

CLT-2a

CLT-3

CLT-7

CLT-6

CLT-10

Figure 12.  Location of Subwatershed and Monitoring Site CLT-
10.
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The nitrogen concentrations were actually higher in comparison to the other sites (Table
5).  This is reflective of the wetland which contained higher organic nitrogen
concentrations mean = 1.66 mg/L).  The ammonia concentrations were also higher which
was a by-product of the biodegradation process taking place within the wetland.  This
was also reflected in the dissolved oxygen concentrations which exhibited extremely low
concentrations during the summer sample collected on July 28.  The dissolved oxygen
concentration at this time was 0.2 mg/L.  This was also a product of biodegradation.
Dissolved oxygen is required to break down any organic material and in a stagnant
wetland during baseflow conditions oxygen can be used up quickly.  The suspended
solids concentrations were relatively low and as indicated with the other sites in this
discussion the suspended solids
were not a problem.  Alkalinity
and pH did not indicate any
apparent water quality problems
either.

Site CLT-10 discharged only 452
acre-feet of water which
transported 4.91 tons of sediment,
1.31 tons of nitrogen, and 0.23
tons of phosphorus.  Over 80% of
the loadings (water, sediment, and
nutrients) were transported during
the spring (Figure 13).

The export coefficients were
extremely low due to the
relatively small amount of water
that was discharged into the lake.  The nutrient and sediment export coefficients for this
subwatershed were significantly lower than the export coefficients for the other sites
(Table 4).

Site CLT-4

Site CLT-4 is the beginning of a subwatershed that is located directly west of Clear Lake
(Figure 14).  Site CLT-4 and CLT-5 (Figure 17) subwatershed tributaries drain
approximately 3,800 acres from west of Clear Lake.  This is a drainage which does not
drain primarily into Clear Lake but empties into the outlet area of Clear Lake.  Only
during times of flooding does this drainage make it into Clear Lake.  During the course of
this project this drainage did not flow back into Clear Lake.  The potential is there and the
data suggest that this drainage does have some water quality problems.

Seasonal Hydrologic Loadings for Site CLT-10

Spring
83%

Summer
10%

Fall
7%

Figure 13.  Seasonal Phosphorus loadings Site CLT-
10.
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According to the
AGNPS program, the
subwatershed area for
Site CLT-4 is 3,000
acres.  Site CLT-4 has 2
animal feeding areas
rated at 17 and 18 (scale
0-100).  However,
AGNPS did identify
eight 40-acre critical
nutrient cells and 15
critical erosion cells.
The computer model
indicated that this
subwatershed is critical
for high concentrations
of sediment, phosphorus
and nitrogen.  This was
also indicated by the
water quality data.

The mean phosphorus concentration for Site CLT-4 was one of the three highest mean
concentrations recorded for the project (Table 5) (Figure 21).  The mean concentration
for Site CLT-4 was 0.319 mg/L. The minimum and maximum concentrations were 0.064
mg/l and 0.504 mg/L, respectively.  The higher concentrations occurred during both the
spring and the summer.  The dissolved phosphorus mean concentration of 0.254 mg/L
was the second highest mean (Table 5).  Site CLT-10 was the only site in which a higher
mean concentration was
observed.  The higher
concentrations for total
phosphorus and dissolved
phosphorus did occur during
higher flow periods (Figure 15).
A slight relationship did exist
between total phosphorus and
discharge (R2=0.29,n=9,df=8).
Suspended solids (TSS)
concentrations for Site CLT-4
were not excessively high for
the project.  The mean TSS
concentration was 31 mg/L
(Table 5).  TSS concentrations
peaked during the spring runoff
with a maximum concentration

CLT-1
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CLT-4

Figure 14.  Location of Subwatershed and Monitoring Site
CLT-4.

Daily Discharge and Total Phosphorus Concentrations for Site CLT-4

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

11-Mar-97 30-Apr-97 19-Jun-97 08-Aug-97 27-Sep-97 16-Nov-97 05-Jan-98

Date

D
is

ch
ar

ge
 (

cf
s)

0

0.1

0.2

0.3

0.4

0.5

0.6

T
ot

al
 P

ho
sp

ho
ru

s 
(m

g/
L

)

cfs
T P

Figure 15.



29

of 192 mg/l recorded on April 1, 1997.  This was the same date when the total
phosphorus maximum concentration was observed.  The dissolved fraction was slightly
less at 59% of the total phosphorus.  After the spring runoff the dissolved fraction
increased significantly in the remaining samples, resulting in a mean dissolved fraction of
79%.  The samples collected from this drainage were consistently higher in phosphorus
and suspended solids than the other drainages previously discussed (Table 5).

The mean total nitrogen concentration was 2.90 mg/L which was the highest mean
recorded for the project (Table 5).  The higher total nitrogen concentrations occurred on
the same dates as the higher total phosphorus concentrations (Figure 16).  Fecal coliform
concentrations did not consistently follow N/P trends although grazing cattle may have
been impacting the stream.  The concentrations for fecal coliform do not suggest that
livestock are a significant problem for this subwatershed.  The maximum concentration
for the fecal coliforms was 7,600 colonies per 100ml.  This concentration is far lower
than those for other sites that
have been discussed.
Although livestock are
present, they do not seem to
be a significant problem.
Most of the local phosphorus
and nitrogen seems to be
derived from other sources.

Although AGNPS indicated
that the Site CLT-4
subwatershed was a critical
subwatershed for Clear Lake,
the  water quality loadings
data did not show a
significant problem for this
watershed.  The 3,000-acre
subwatershed discharged
1,572 acre-feet of water which transported 125.4 tons of sediment, 6.71 tons of nitrogen,
and 0.75 tons of phosphorus.  These loadings convert into relatively moderate individual
export coefficients (Table 4).

Site CLT-5

Site CLT-5 is located approximately 1 mile downstream of Site CLT-4 (Figure 17).  That
drainage area comprises an additional 800 acres which is included in the watershed
downstream of  the Site CLT-4 subwatershed for a total area of 3,800 acres.

Total Nitrogen, Total Phosphorus, and Fecal Coliform Concentrations
Site CLT-4, Clear Lake, Deuel County, South Dakota, 1997
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The water quality
conditions for Site
CLT-5 are reflective of
those located above
Site CLT-4 and the 800
acres that are located
between these two
monitoring sites.  The
mean total phosphorus
concentration for Site
CLT-5 was
significantly higher
than those of the other
monitoring stations
(Table 5).  This higher
mean concentration can
be attributed to a single
high concentration
which was the maximum TP value recorded for the project.  This maximum total
phosphorus concentration of 2.400 mg/L was collected on April 1,1997.  The maximum
suspended solids concentration  (316 mg/L) for the project was also observed on this date
as well.   These extremely high concentrations for phosphorus and suspended solids were
collected on the same date as the maximum concentrations for these same parameters
were collected from Site CLT-4.  On this sample date (April 1) the fraction of dissolved
phosphorus was extremely low at 10% whereas the mean for the entire sampling year was
71%.  This high
concentration of total
phosphorus and
suspended solids with
low dissolved
phosphorus is a
reflection of the
extremely high flows
that were occurring at
this site during snowmelt
runoff.

The mean concentration
of dissolved phosphorus
was slightly lower than
at Site CLT-4 (Table 5).
This may be attributed to
the slightly higher
suspended solids mean for Site CLT-5.
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Figure 17

Fecal Coliform Concentrations for Site CLT-4 and CLT-5
Clear Lake, Deuel County, South Dakota 1997
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The water quality at Site CLT-5 is highly dependent on the water quality at Site CLT-4
upstream.  Although there were higher concentrations observed at Site CLT-5 for nutrient
and solids parameters, the concentrations followed the same general trends as indicated
on Figures 18 and 19.  There is a small drainage that contains an additional 800 acres
downstream of Site CLT-4 which may be having an impact on the water quality of Site
CLT-5.  In addition to this smaller drainage there are storm sewer outlets which enter Site
CLT-5 under the highway bridge just upstream of where the monitoring station was
located.  Two water quality samples were collected during 1998 which exhibited high
concentrations of
nutrients (TP=0.505
mg/L), suspended solids
(172 mg/L), and fecal
coliform (15,000
colonies/100ml).
Although there is a very
small portion of the city
of Clear Lake included
in this subwatershed
there are always much
higher phosphorus,
solids, and coliform
concentrations associated
with urban runoff.

There was 3,384 acre-
feet of water discharge
through Site CLT-5.
This represents a 54%
increase between Site CLT-4 and CLT-5.  This water transported 597 tons of sediment,
10.4 tons of nitrogen, and 5.1 tons of phosphorus (Table 4).  These amounts convert into
substantial increases in the suspended solids and phosphorus export coefficients between
these two sites.  This can be attributed to the much higher concentrations of those
parameters that were observed at Site CLT-5 coming from the identified urban and
agricultural sources.  There is also a golf course located between Sites CLT-4 and CLT-5.
Golf courses can provide substantial amounts of nutrients to a stream or other waterbody
as a result of high rates of fertilization.

Total Phosphorus Concentrations for Site CLT-4 and CLT-5
Clear Lake, Deuel County, South Dakota, 1997
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Total Phosphorus Concentrations for Clear Lake Tributary Sites, 1997 Data
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Total Dissolved Phosphorus Concentrations for Clear Lake Tributary Sites 
1997 Data
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Total Nitrogen Concentrations for Clear Lake Tributary Sites, 1997 Data
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Table 4.  Total Loadings and Nutrient Export Coefficients for All Tributary Monitoring Sites.
Clear Lake, Deuel County, South Dakota,
1997
SITE Watershed WATER TALKAL TSOL TSSOL TDSOL AMMO UN-AMM    NO3+2 TKN-N Org Nitro Tot Nitro TPO4P TDPO4P

acres acre-feet lbs/year lbs/year lbs/year Lbs/year lbs/year lbs/year lbs/year lbs/year lbs/year lbs/year lbs/year lbs/year

CLT-1 3,840 2,725 1,410,626 2,828,604 218,737 2,595,618 1,371 18 11,767 9,971 8,578 21,689 2,096 1,638

CLT-2a 9,000 5,611 2,711,969 6,445,570 134,313 6,313,817 829 49 4,813 16,106 15,268 20,996 2,654 1,949

CLT-3 15,840 27,304 12,617,758 28,447,145 1,147,133 27,304,488 5,263 1,277 41,816 71,213 65,950 113,477 11,726 7,956

CLT-7 16,720 26,010 10,801,260 25,832,941 1,973,650 23,842,203 7,839 150 47,590 61,883 54,044 109,484 29,822 8,819

CLT-4 3,000 1,572 769,143 1,741,106 250,897 1,490,047 997 4 6,684 6,733 5,735 13,415 1,507 1,175

CLT-5 3,800 3,384 1,631,173 4,409,078 1,193,061 3,173,816 2,119 24 11,265 10,092 7,973 20,885 10,138 2,159

CLT-6 1,000 1,508 857,488 1,643,567 18,193 1,625,374 136 7 951 4,550 4,414 5,526 417 261

CLT-10 2,880 452 215,850 390,825 9,821 381,284 243 4 194 2,419 2,177 2,613 468 372

Export Coefficients
Site Watershed WATER TALKAL TSOL TSSOL TDSOL AMMO UN-AMM    NO3+2 TKN-N Org Nitro Tot Nitro TPO4P TDPO4P

acres feet lbs/ac/yr lbs/ac/yr lbs/ac/yr Lbs/ac/yr lbs/ac/yr lbs/ac/yr lbs/ac/yr lbs/ac/yr lbs/ac/yr lbs/ac/yr lbs/ac/yr lbs/ac/yr

CLT-1 3,840 0.71 367 737 57 676 0.36 0.0047 3.06 2.60 2.23 5.65 0.55 0.43

CLT-2a 9,000 0.62 301 716 15 702 0.09 0.0055 0.53 1.79 1.70 2.33 0.29 0.22

CLT-3 15,840 1.72 797 1,796 72 1,724 0.33 0.0806 2.64 4.50 4.16 7.16 0.74 0.50

CLT-7 16,720 1.56 646 1,545 118 1,426 0.47 0.0090 2.85 3.70 3.23 6.55 1.78 0.53

CLT-4 3,000 0.52 256 580 84 497 0.33 0.0012 2.23 2.24 1.91 4.47 0.50 0.39

CLT-5 3,800 0.89 429 1160 314 835 0.56 0.0064 2.96 2.66 2.10 5.50 2.67 0.57

CLT-6 1,000 1.51 857 1,644 18 1,625 0.14 0.0068 0.95 4.55 4.41 5.53 0.42 0.26

CLT-10 2,880 0.16 75 136 3 132 0.08 0.0015 0.07 0.84 0.76 0.91 0.16 0.13
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Table 5.  Descriptive Statistics for several physical and chemical parameters collected from eight tributary monitoring sites on Clear
Lake, Deuel County, South Dakota, 1997.

WTEMP FPH DO FECAL TALK AMM UN-
AMM

NO3+2 TKN Or-Nit T-Nit TPO4P TDPO4P %TDP TS TSS TDS

CLT-1 Mean 13.4 8.35 7.3 13228 232 0.07 0.0017 1.46 1.25 1.18 2.71 0.254 0.202 79% 465 18 447
Median 16.0 8.38 6.5 800 222 0.02 0.0016 1.20 1.29 1.19 2.68 0.280 0.231 80% 487 11 468
StDev 7.5 0.16 2.6 32387 94 0.12 0.0011 0.88 0.51 0.49 1.14 0.126 0.098 0.09 131 19 146
Minimum 0.0 8.03 5.3 10 92 0.02 0.0007 0.20 0.41 0.39 0.92 0.033 0.022 67% 229 5 161
Maximum 21.0 8.57 12.8 99000 376 0.38 0.0045 3.30 1.99 1.97 5.29 0.438 0.350 94% 654 68 647

CLT-2A Mean 16.0 8.32 4.3 3830 189 0.10 0.0055 0.19 1.35 1.25 1.54 0.222 0.174 73% 462 9 453
Median 19.0 8.29 3.6 840 188 0.04 0.0032 0.10 1.45 1.40 1.59 0.198 0.143 76% 482 8 475
StDev 7.2 0.14 3.2 7566 26 0.15 0.0072 0.22 0.46 0.39 0.37 0.112 0.119 0.18 60 5 60
Minimum 4.0 8.15 0.6 10 151 0.02 0.0003 0.10 0.55 0.53 0.87 0.096 0.031 32% 344 4 336
Maximum 24.0 8.54 9.7 24000 227 0.52 0.0245 0.80 1.91 1.65 2.01 0.458 0.421 92% 543 20 535

CLT-3 Mean 14.9 8.33 6.6 17174 184 0.06 0.0033 0.58 1.25 1.19 1.82 0.221 0.144 65% 459 32 428
Median 17.0 8.33 6.1 1400 204 0.02 0.0016 0.35 1.16 1.14 1.58 0.180 0.118 67% 480 16 465
StDev 7.4 0.20 2.2 35199 54 0.09 0.0063 0.75 0.46 0.45 1.05 0.121 0.079 0.09 118 47 124
Minimum 0.0 7.92 4.2 10 83 0.02 0.0006 0.10 0.62 0.60 0.82 0.069 0.039 45% 162 11 146
Maximum 23.0 8.67 10.0 95000 256 0.28 0.0232 2.80 2.12 2.10 4.92 0.445 0.310 77% 590 178 561

CLT-7 Mean 16.2 8.40 7.5 15082 190 0.07 0.0051 0.54 1.21 1.14 1.75 0.305 0.143 57% 499 43 456
Median 19.0 8.42 6.8 1550 203 0.02 0.0023 0.30 1.19 1.15 1.48 0.198 0.113 58% 506 31 470
StDev 7.5 0.14 2.2 24662 51 0.08 0.0074 0.73 0.46 0.46 0.95 0.303 0.071 0.15 112 39 105
Minimum 0.0 8.09 5.0 10 92 0.02 0.0008 0.10 0.41 0.18 0.76 0.059 0.031 16% 265 8 199
Maximum 24.0 8.59 11.2 64000 242 0.24 0.0281 2.80 2.12 1.88 4.57 1.250 0.274 75% 670 146 586

CLT-4 Mean 13.6 8.32 6.4 1401 224 0.09 0.0019 1.43 1.47 1.38 2.90 0.319 0.254 79% 518 31 487
Median 16.0 8.33 5.9 350 225 0.02 0.0016 1.10 1.34 1.29 2.94 0.355 0.283 84% 535 18 523
StDev 7.1 0.10 1.4 2456 101 0.15 0.0015 1.16 0.54 0.49 1.56 0.139 0.111 0.12 141 57 173
Minimum 0.0 8.16 4.7 20 97 0.02 0.0006 0.20 0.75 0.73 0.95 0.064 0.041 59% 319 4 169
Maximum 20.5 8.44 8.8 7600 387 0.39 0.0049 3.40 2.39 2.17 5.30 0.504 0.371 95% 708 192 704

CLT-5 Mean 15.4 8.40 7.9 2180 233 0.10 0.0026 1.26 1.24 1.14 2.50 0.455 0.209 71% 555 43 512
Median 17.3 8.38 7.8 675 253 0.02 0.0020 0.70 1.16 1.14 1.88 0.326 0.228 76% 534 13 531
StDev 7.3 0.13 2.0 2792 100 0.19 0.0018 1.31 0.47 0.46 1.71 0.656 0.108 0.23 141 91 185
Minimum 0.0 8.14 5.6 10 97 0.02 0.0008 0.10 0.67 0.38 0.77 0.050 0.038 10% 305 3 154
Maximum 22.0 8.60 11.4 7200 389 0.60 0.0068 4.00 1.90 1.87 5.89 2.400 0.360 90% 729 316 719

CLT-6 Mean 17.0 8.44 7.6 10 214 0.03 0.0019 0.20 1.12 1.09 1.32 0.082 0.049 58% 413 6 407
Median 17.0 8.62 7.1 10 174 0.02 0.0015 0.10 1.15 1.13 1.35 0.045 0.029 60% 428 4 424
StDev 11.3 0.35 3.2 0 71 0.02 0.0017 0.17 0.14 0.16 0.06 0.066 0.041 0.11 66 3 64
Minimum 9.0 8.04 4.7 10 172 0.02 0.0004 0.10 0.97 0.92 1.25 0.043 0.021 47% 341 4 337
Maximum 25.0 8.66 11.0 10 296 0.05 0.0038 0.40 1.25 1.23 1.37 0.159 0.096 67% 471 10 461

CLT-10 Mean 25.0 8.25 4.5 505 179 0.18 0.0035 0.15 1.83 1.66 1.98 0.381 0.309 81% 318 8 310
Median 25.0 8.25 4.5 505 179 0.18 0.0035 0.15 1.83 1.66 1.98 0.381 0.309 81% 318 8 310
StDev 0.27 6.0 672 26 0.21 0.0007 0.07 0.89 0.69 0.96 0.000 0.052 0.14 29 6 35
Minimum 25.0 8.06 0.2 30 160 0.03 0.0030 0.10 1.20 1.17 1.30 0.381 0.272 71% 297 3 285
Maximum 25.0 8.44 8.7 980 197 0.32 0.0041 0.20 2.46 2.14 2.66 0.381 0.345 91% 338 12 335
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Site CLO-9

This site is located on
the outlet of Clear
Lake (Figure 23).  It
was used to determine
the hydrologic,
sediment and nutrient
budget for Clear
Lake.  The
subwatershed size for
CLO-9 includes all
the subwatersheds
previously described
(Sites CLT-1-CLT-
10).  The total area
according to the
AGNPS computer
program is 27,360
acres.

Site CLO-9 should be different, comparatively speaking, due to its location on the outlet of Clear
Lake.  The water quality of the outlet of Clear Lake is not only determined by how much
material was deposited in the lake but also by the amount of this material that was used in the
biological processes within the lake.

Clear Lake acts as a sediment and nutrient sink retaining a high percentage of the nutrients and
sediment discharged into its basin.  The outlet water quality is a function of what has been
discharged into the lake.  Site CLO-9 was monitored for the same period of time as the other
sites previously discussed.  No point sources were located within the area of the outlet that may
have potentially affected the water quality or loading data.  The regression analysis conducted
between the instantaneous discharge and stage was very good (R2 = 0.97, n=26, df=25).

As discussed above, the water quality data for the outlet of Clear Lake are a reflection of the
water quality of the lake.  The maximum fecal coliform concentration recorded at the outlet was
470 colonies/100ml during the course of the investigation.  However, the median concentration
was 40 colonies/100ml.  There were several samples that exhibited concentrations ranging
between 10 fecal colonies/100 ml to 80 fecal colonies/100ml.  A comparison with the nearest
inlake Site CL-2 did not indicate any problems with fecal coliform.  The mean coliform
concentration for Site CLO-9 of 89 colonies/100ml was lower than at any other site with the
exception of Site CLT-6 (Tables 5 and 6).

The suspended solids (TSS) concentrations at Site CLO-9 were relatively low as well (19 mg/L).
The lowest mean TSS concentration was recorded at Site CLT-6 (6 mg/L).  The mean
concentration for Site CLO-9 was well within the range of the other tributary monitoring sites.
The median was actually lower at 16 mg/L.  The concentrations were consistently within the
range of 13 mg/L to 24 mg/L during the course of the summer sampling months.  These higher

CLT-1

CLT-2a

CLT-3

CLT-7

CLT-6

CLT-10

CLT-5

CLT-4
CLO-9

Figure 23



37

Table 6.  Descriptive Statistics for several physical and chemical parameters collected from the outlet of Clear Lake (Site CLO-9),
Deuel County, South Dakota, 1997.
SITE WTEMP FPH DO FECAL TALK AMM UN-AMM NO3+2 TKN Or-Nit T-Nit TPO4P TDPO4P %TDP TS TSS TDS
CLO-9 Mean 18.0 8.86 7.7 89 163 0.05 0.0071 0.24 1.41 1.36 1.65 0.188 0.097 45% 426 19 407

Median 22.3 8.94 8.2 40 159 0.02 0.0069 0.10 1.33 1.31 1.62 0.159 0.075 42% 409 16 391

StDev 8.1 0.34 2.2 145 36 0.08 0.0045 0.41 0.40 0.36 0.47 0.110 0.103 0.19 51 11 51
Minimum 2.5 8.28 3.3 10 104 0.02 0.0011 0.10 0.97 0.95 1.07 0.086 0.019 21% 352 7 338
Maximum 24.5 9.24 11.2 470 232 0.27 0.0173 1.40 2.09 1.96 2.42 0.438 0.373 85% 530 44 523

Table 7.  Total Loadings for the Outlet of Clear Lake (Site CLO-9).
Clear Lake, Deuel County, South Dakota, 1997
SITE Watershed WATER TALKAL TSOL TSSOL TDSOL AMMO UN-AMM NO3+2 TKN-N Org Nitro Tot Nitro TPO4P TDPO4P

Acres acre-feet tons/year tons/year tons/year tons/year tons/year tons/year tons/year tons/year tons/year tons/year tons/year tons/year

CLO-9 27,360 28,825 9,071 10,236 394 9,842 9.3 0.1 18.0 44.5 35.3 62.6 2.9 1.2
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concentrations during the summer may be due to the higher amounts of organic material
suspended in the water.  Algae and aquatic plant material may have been transported through the
outlet during this time period. Also, some of the incoming solids remained suspended to be
discharged from the lake.

Ammonia concentrations were not significantly different from than any of the other tributary
monitoring sites.  The mean ammonia concentration was 0.05 mg/L, which is within the range of
the sites previously discussed (Table 5 and 6).  The highest mean for all the tributary sites was
collected from Site CLT-10 (0.18 mg/L).  Nitrate samples had a maximum concentration of 1.4
mg/L that occurred on July 25, 1997 but this was the only peak in concentrations.  The remaining
9 samples did not exceed 0.2 mg/L (Table 6).

Concentrations of phosphorus found at Site CLO-9 are greatly effected by the settling rate of
inlake phosphorus and how much is used for plant and animal biomass.  The lake acts as a
sediment and phosphorus sink retaining material that is transported from the upstream tributary
sites.  The mean total phosphorus concentration decreased between Site CLT-7 (0.305 mg/L) and
Site CLO-9 (0.189 mg/L), a similar reduction in dissolved phosphorus occurred as well (CLT-7
= 0.143 mg/L, CLO-9 = 0.097 mg/L).  As the growing season intensifies during the summer, the
increase in biomass requires more dissolved phosphorus, i.e. the dissolved phosphorus
concentration becomes smaller at the outlet site than at the inlet site.  Periodically, during the
growing season the outlet concentrations are slightly higher which may indicate that an algal
bloom had collapsed in Clear Lake.  As the algal bloom was decomposed by bacteria, dissolved
phosphorus was released and discharged.  There was also a slight drop in the dissolved oxygen
level at this time.  Also, during most of the sampling year the fraction of dissolved phosphorus
was below 50%.  The mean fraction of dissolved phosphorus was 45% (Table 6) which is what
may be expected at the outlet of a lake.  There was only one instance where the fraction of
dissolved phosphorus exceeded 80%.

The nutrient and sediment loadings discharged from Site CLO-9 are dependent upon how much
of the nutrient and sediment material was retained by the lake.  There was a substantial reduction
in the amount of suspended solids and total phosphorus but there was a large increase in
ammonia loadings between Site CLT-7 and Site CLO-9.  The lake is using some of the nitrates
earlier in the season as biomass increases, Site CLO-9 ammonia is released during the
subsequent breakdown of algae and other vegetation and some of it then leaves the lake through
the outlet.

Hydrologic Budgets

The hydrologic load explains how much water entered the lake and how much water left the
lake.  Theoretically, all inputs of water must equal all outputs during the course of hydrologic
cycle.  However, monitoring all the possible inputs to a lake is very difficult.  In some cases,
estimates of the water load to the lake are needed to help balance the equation.  The hydrologic
inputs to Clear Lake come from many sources; precipitation, tributary run-off, indirect runoff,
and groundwater.  The period of record used to develop the loadings was March – October,
1997.  In order to calculate the precipitation inputs, 1997 rainfall data was taken from the
weather station located within the city of Clear Lake.  Evaporation, which is an output of water,
was not collected at this weather station.  The nearest weather station that collected evaporation
data was 2 miles northeast of Brookings.  The amount of evaporation and precipitation in inches
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was converted to feet and multiplied by the surface area of Clear Lake (532 acres).  In the case of
the evaporation data, the monthly pan evaporation rates were multiplied by the Class A monthly
land pan coefficients for the midwestern United States to derive a monthly evaporation rate for
each lake (Roberts and Stall, 1967; in Fetter, 1988).

The five main inputs into Clear Lake are Subwatershed CLT-7 (input from the northwestern
Tributary), CLT-6 (wetland from the north), CLT-10 (wetland from the east), ungauged runoff,
and precipitation.  The ungauged runoff primarily involves direct runoff from the immediate

watershed for Clear Lake.  All of these sources of water must be considered in the overall water
budget.  These small tributaries (ungauged sources) were not monitored but their surface area
(drainage area) was calculated using the AGNPS computer program (see AGNPS Report in
Appendix A for a discussion on these individual tributaries).

At the end of the monitoring period (November 12, 1997) the level of Clear Lake was 0.06 feet
above the spillway.  The differences between the beginning (1.27 ft) and ending (0.06 ft) of the
monitoring period is 1.21 feet which constitutes 643.7 acre-feet (1.21 * 532 acres) for negative in
storage.  Change in storage accounts for changes in surface elevation over the study period.  A
negative change occurs if the lake volume decreases over the study period.  A negative change of
643.7 acre-ft occurred for Clear Lake during 1997 (Table 8).

After the estimates of ungauged runoff were added to the Clear Lake inputs, the groundwater had
not been added to the hydrologic budget. The total outflow from the outlet and evaporation was
30,125.2 ac-ft.  The outflow was still short 896 ac-ft when compared to all of the input sources.
The only other output source not yet included in the budget was groundwater.  Inputs and outputs
to and from groundwater are generally very difficult to assess and the amount of water needed to
balance the hydrologic budget seemed low.  However, the regression equations used to calculate
the daily discharge estimates were very good (CLT-7 R2 = 0.99, and CLO-9 R2 = 0.98).   This
area of South Dakota has been in a wet cycle and the water table has been above normal.

Table 8.  HYDROLOGIC BUDGET -  Clear Lake
Surface Area Volume
532 acres 2,400 ac-ft

Input
Sources

Load (ac-ft) Output
Sources

Load (ac-ft)

Precipitation 1,159.8 Evaporation 1,299.2
CLT-7 26,010.8 Outlet (CLO-9) 28,826.0
CLT-6 1,508.3 Groundwater 896.0
Change in
Storage (neg.)

-643.7

CLT-10 452.0
Ungauged
Runoff

2,534.0
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Suspended Solids Budget

Based on the suspended solids loading data collected during 1997 from CLT-7, suspended solids
(sediment) do not appear to be an impairment for Clear Lake.  According to the data collected,
including all of the inputs in Table 6, Clear Lake shows less than 1 acre-foot of sediment
entering the lake annually from all documented sources.  However, this should not deter the
implementation of BMPs within those critical erosion areas identified by AGNPS.  Assuming
that the sediment is uniform silt, the load
was divided by the total pounds of
sediment entering the lake (2,001,663.7
pounds) by a factor of 135 pounds per
cubic foot (Uniform Silt = 135 lbs/ft3)
(Kuck, 1998).  The cubic feet were then
converted to acre-feet for a total of 0.34
ac-ft of sediment.  There may be more
sediment entering Clear Lake from the
bedload of a stream.  However, all
tributary samples collected during this
investigation were collected with a
suspended sediment sampler (DENR SOP,
1998).  This sampling method is much
more accurate for calculating sediment
loadings than using the simple grab sample
method.  If the amount of suspended solids
entering Clear Lake is doubled to include
sediments that may have been missed, the rate of deposition of sediment for Clear Lake would
still be less than 0.02 inches per year over the entire surface area of Clear Lake.  It is not known
how much of the suspended solids are actual inorganic sediment or organic matter  (decaying
plants and vegetation).  Due to the amount of intensive agriculture, some of the suspended solids
would be inorganic.   However, during the course of the study, Clear Lake accumulated 607 tons
of sediment, which constitutes 0.005 inches of sediment over the entire surface area of the lake.

Nitrogen Budget

Based on the data collected during 1997,
the inlake volume of total nitrogen in
Clear Lake decreased by 3.8 tons, i.e.
more nitrogen left the lake than was
delivered to it.  The majority of the
nitrogen that was discharged was
ammonia and organic which means that
the nitrogen was tied up in plant and algal
biomass.  During 1997, the lake actually
accumulated 1.18 tons of inorganic
nitrogen in the form of nitrate+nitrite
nitrogen.  What happened to the
inorganic nitrogen was that it was taken
up by the aquatic plants and algae species

Total Suspended Solids Input, 1997
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during the creation of more biomass (production).  As the year progresses and these plants and
algae die off the converted inorganic nitrogen is discharged from the lake as an organic form
(decaying plants and algae).  Also, a by-product of the biodegradation process is the release of
ammonia.  Most of the ammonia was discharged during the very early spring runoff due to
buildup over the winter and there was another peak discharge of ammonia during the mid to late
summer when the algal blooms occur.  As the algal blooms collapse, one of the primary
byproducts of biodegradation is ammonia.  Algae consist of organic nitrogen and other materials
and most of the organic nitrogen discharged through the outlet was contained within the algal
cells.  As some species of blue-green algae are able to convert unusable forms of nitrogen into
more usable forms, nitrogen is very difficult to control.

Table 9.
Nitrogen Form Total Inputs Total Outputs
Inorganic 48% 44%
Organic 52% 56%

Phosphorus is more easily managed.   Forty-eight percent of the nitrogen delivered to the lake
was in the inorganic form (nitrates) whereas 56% of the nitrogen output from Clear Lake was in
the organic form (Table 9).

Phosphorus Budget

Phosphorus inputs to Clear Lake during the 1997 sampling season totaled 30,707 lbs. (15.3 tons).
Site CLT-7 was responsible for 97% of the total phosphorus delivered to the lake (Figure 26) but
only constituted 84% of the hydrologic input (Table 8).

The groundwater contribution to the phosphorus budget was insignificant.  Site CLT-6 and CLT-
10, which drain small subwatersheds to the north and east of Clear Lake, only contributed 3% of
the total phosphorus budget for Clear Lake.  The ungauged runoff was also assumed to provide
an in insignificant contribution to the lake.

Clear Lake retained 24,822 lbs (12.4 tons) of total phosphorus during 1997.  More phosphorus
entered the lake than left the lake through
external sources (CLO-9a).  Ninety-one
percent of the phosphorus delivered to the
lake was received during the spring season,
which is when 85% of the hydrologic load
occurred.  The total phosphorus loading
during the spring is then primarily used by
the lake for algal production during the
summer.  Although the lake discharged a
smaller portion of phosphorus during the
spring (74%) this is to be expected.  There
is lag period where the total phosphorus
works its way through the Clear Lake
system allowing algae to use the
bioavailable phosphorus.  The material
discharged into the lake during the spring
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would take some time to work its way to the outlet which is why the loading rate for the outlet is
slightly higher during the summer.  This also allows phosphorus to settle to the bottom of the
lake.

Site CLT-7 delivered 81% of the total dissolved phosphorus load during the spring and 14%
during the summer.  The outlet of Clear Lake (Site CLO-9) delivered a reduced amount of
dissolved phosphorus during the spring (66%).  This can be attributed to the Clear Lake
ecosystem which would use some of the bioavailable phosphorus.  However, the hydraulic
residence was so short during 1997 that a large amount of the bioavailable phosphorus was
released through the outlet.

Urban Runoff

Urban stormwater runoff was, prior to 1980, considered to be an insignificant source of water
quality degradation.  However, the completion of the National Urban Runoff Program (NURP)
indicated that there has been significant degradation to the water quality of the receiving waters
from this stormwater runoff.  In 1987, the Clean Water Act required municipalities with a
population of 100,000 or more to receive a permit under the National Pollutant Discharge
Elimination System (NPDES).  This permit emphasizes the use of Best Management Practices
(BMPs) to reduce pollutant loadings.  Although cities smaller than 100,000 people are not
required to obtain a NPDES permit, they can still have a significant impact on the receiving
water body and should implement BMPs to improve the water quality of their urban runoff
(USEPA, 1992(2)).

During 1998, nine grab samples were collected from nine storm sewer outlets within the city
limits of Clear Lake.   The following parameters were chosen for laboratory analysis:

Fecal Coliform Dissolved Oxygen Ammonia
Total Phosphorus Dissolved Phosphorus Total Solids
Alkalinity Nitrate Dissolved Solids
Total Kjeldahl Nitrogen pH Suspended Solids

There were three locations within the city of Clear Lake where storm sewer samples were
collected:

1) Under U.S. Highway 77 near Site CLT-5, two culverts drain the streets of Clear
Lake emptying directly into the stream.  One drains from the north and the other
from the south.  Both drain residential, light industrial, and downtown business
areas.

2) A small drain tile drains the areas surrounding the city park and enters the main
northwestern tributary near Site CLT-7.  This site drains primarily residential
areas and empties directly into the stream.

3) Two large culverts located directly south of the grain elevator drain most of the
downtown area of Clear Lake.  These main storm sewers empty into a field
directly east of the city of Clear Lake before draining into the northwestern
tributary.
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Concentrations of Parameters in Stormwater Runoff

All samples collected in 1998 were collected between March and June.  Only two samples were
collected at each site.  The first sample was collected on March 25, 1998 and the last sample was
collected on June 15, 1998.  High levels of bacteria (fecal coliform) were found at all five sites
(Table 10).   The National Urban Runoff Program (NURP) reported that urban runoff typically
contains coliform densities of 10,000 to 100,000 organisms per 100 ml.

The fecal coliform count per 100 ml ranged from 20 to 61,000, respectively (Table 10).
However, all five sites exhibited concentrations exceeding 15,000.  There are some potential
health risks associated with primary (swimming) and secondary (boating) contact recreation that
takes place in water bodies exhibiting high counts of these bacteria (USEPA, 1993).  Pet and bird
wastes can be sources of increased bacteria.  Organic wastes and sanitary sewer overflows can
also be a source.

Total phosphorus concentrations ranged from a minimum value of 0.270 mg/L (Site CLT-5
culvert on south side) to a maximum value of 9.13 mg/L (sampled from a drain tile draining out
of the city park located near Site CLT-7).  The mean total phosphorus concentration from the
storm sewer samples was 1.58 mg/L which is significantly larger than any of the tributary sites.
Site CLT-5, located within the city limits of Clear Lake, exhibited the highest mean for the Clear
Lake tributary sites (0.455 mg/L).  In comparison, the mean for the storm sewer sites was 1.58
mg/L, or 3.47 times as high.  The total dissolved phosphorus concentrations ranged from a
minimum of 0.073 mg/L to a maximum concentration of 7.28 mg/L.  The maximum
concentration for dissolved phosphorus was also sampled from the drain tile near Site CLT-7.
The largest dissolved phosphorus concentration for the tributary sites sampled in 1997 was 0.421
mg/L collected from Site CLT-2a.  Urban runoff typically contains high concentrations of
nutrient runoff.  As explained earlier excessive nutrients encourage undesirable algal blooms.
The sources of nutrients in urban runoff arise from chemical fertilizers used on lawns, parks, and
golf courses as well as in other chemical forms from roads, sidewalks, parking lots, homes, and
commercial sites (Terrene, 1994).

Total suspended solids exhibited very high concentrations from all storm sewer samples
collected in 1998.  Concentrations ranged from a minimum of 23 mg/L (drain tile near Site CLT-
7) to a maximum of 348 mg/L collected from storm sewers draining most of main street in Clear
Lake.  The outlet for these main street storm sewers is located directly south of the elevator.
There were very high concentrations exhibited from every storm sewer site.  The mean
concentration for suspended solids was 167 mg/L.  Again, the mean concentration for the storm
sewers was significantly higher than any of the tributary sites sampled in 1997.  Suspended
solids or sediment (organic and inorganic) are derived from many areas.  Sediment loading
occurs from soil erosion and runoff from construction sites and other urban land.  Urbanization
increases the rate of storm water runoff by removing vegetation and changed slopes.   The
increased rate of runoff transports sediment from erosion, litter and road sanding.  Other
pollutants such as nutrients and metals attach to the sediment particles and are transported
downstream as well (USEPA, 1993; Terrene, 1994).

To determine whether the high total phosphorus concentrations were sediment based, a
regression analysis was conducted between total phosphorus and suspended solids
concentrations.  The analysis indicated that the high concentrations in total phosphorus were not
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significantly related to the high concentrations of suspended solids (R2=0.17,n=9,df=8). This
means that the nutrient concentrations are derived from other sources besides sediment.

The storm sewer mean ammonia concentration was significantly higher than the mean
concentrations from the tributary samples collected in 1997.  The mean concentration from the
storm sewers was 0.78 mg/L whereas the highest mean concentration from the tributary sites was
0.18 mg/L.  However, this mean concentration was biased by one extremely high concentration
of 4.85 mg/L.  The ammonia concentrations from the city ranged from a minimum concentration
of 0.07 mg/L (drain tile near Site CLT-7) to a maximum concentration of 4.85 mg/L which was
collected from the same site.  The ammonia concentrations from the remaining 4 storm sewer
sites were not excessively higher than the tributary concentrations.  Urban sources of ammonia
are similar to the sources for bacteria and nutrients.

Although dissolved oxygen concentrations were relatively high, ranging from a minimum
concentration of 7.8 mg/L to a maximum of 10.6 mg/L (Table 10) there exists a potential for
reduced oxygen concentrations due to high levels of nutrients and sediment.  Oxygen-demanding
matter such as sediment (inorganic and organic), litter, organic wastes, etc. during periods of
warmer temperatures, create low oxygen conditions in the receiving water body.  In fact, a major
urban runoff event into a stream can severely deplete local oxygen supplies.  In addition, the
water temperature of urban runoff is typically higher than from other forms of runoff due to the
heat-absorbing nature of the substrate, i.e. pavement and sidewalks.  Higher temperatures further
reduce the ability of water to hold as much oxygen.

The pH for the urban samples collected in 1998 ranged from a minimum of 7.92 su to a
maximum of 8.26 su (Table 10).   These values are not significantly different from the tributary
samples collected in 1997.

Other parameters that were not analyzed but are typically present in urban runoff are oil and
grease, chlorides, trash and debris, which can all have varying degrees of degradation on the
receiving water body.  The impervious surfaces of urban areas result in a complete change of
hydrology.  Paved surfaces absorb less rainfall and increase the velocity of stormwater runoff.
This increase in velocity transports sediment and other pollutants more rapidly and with more
force, which can result in streambank erosion.  With the increased velocity, sediment and other
pollutants are not allowed to settle out as they naturally would in a wetland and grassed
waterway.  The sediment load is completely discharged into the receiving water body which can
severely degrade the aquatic habitat.

The local storm sewers have very little watershed area in comparison to the larger 27,360 acre
watershed of Clear Lake.  However, the paved surfaces of urban areas do not allow any filtering
to take place or reduce the velocity of water to allow sediment to drop out.  The phosphorus
export coefficients (lbs of phosphorus per acre) from urban areas are extremely high in
comparison to a typical agricultural watershed.   It should be recommended that any future
upgrades to the city of Clear Lake storm sewer network include best management practices that
will reduce the velocity and improve the quality of water entering the main tributaries associated
with the Clear Lake watershed.  Stormwater retention basins can be constructed to reduce the
impact or reduce the velocity of the water to allow sediment and nutrients to drop out prior to the
water entering the main tributaries.  Also, a more aggressive street cleaning campaign can reduce
the nutrient and sediment loadings to a waterbody.  A final alternative that would be easy to
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carry out is a “drains-to-stream/ lake campaign” in which service clubs such as the Boy Scouts
stencil storm drains with “Drains to Stream/Lake”.  This logo may help reduce the amount of
fertilizers and, oil and grease that are transported from the storm sewer network into the
receiving waterbody.

If rerouting of storms sewers or other best management practices are installed, it will
significantly reduce or eliminate the loadings from the city to the lake and help in reaching a 20-
30% reduction in overall phosphorus loadings to Clear Lake, thereby reducing the intensity and
severity of nuisance algal blooms.
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Table 10.  Urban Storm Sewer Samples Collected from 5 different locations within the city of Clear Lake, 1998.

DATE SITE A TEMP W TEMP PH DO COLIFORM ALKA-M TKN AMMONI
A

NITRATE TPO4 TDPO4 TSOL TSSOL TDSOL VTSS

(C) (C) (mg/L) (per 100 ml) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

25-Mar-98 CLT-5 North 5.0 8.18 10.40 30 103 1.68 0.26 0.4 0.505 0.088 465 172 293 12

15-Jun-98 CLT-5 North 18 17.0 8.03 8.40 15,000 44 1.39 0.26 0.6 0.290 0.073 161 72 89 16

25-Mar-98 CLT-5 South 5.0 8.11 10.60 20 84 1.55 0.22 0.4 0.390 0.095 399 136 263 16

15-Jun-98 CLT-5 South 18 17.0 8.05 8.40 31,000 46 1.35 0.24 0.8 0.270 0.076 179 72 107 8

15-Jun-98 Elevator north 18 17.0 8.12 7.90 30,000 90 0.97 0.19 1.8 0.602 0.428 262 76 186 10

01-Jun-98 Elevator south 16 7.92 20,000 91 7.15 0.83 1.4 1.8 0.84 586 348 238 60

15-Jun-98 Elevator south 18 17 8.03 7.8 35,000 95 0.98 0.13 1.3 0.92 0.128 522 340 182 48

01-Jun-98 Park Tile 16 8.00 61,000 117 9.95 4.85 1.6 9.13 7.28 513 260 253 32

15-Jun-98 Park Tile 18 16 8.26 8 78,00 180 1.82 0.07 0.9 0.36 0.319 373 23 350 4
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Clear Lake Inlake Water Quality Discussion

The beneficial uses for Clear Lake and the standards pertaining to these uses were
discussed previously and will not be included here.

Water Temperature

This 532-acre (215.3 ha) lake is very
shallow and  windswept lake (Mean
Depth = 4.5 ft) (Stueven et al., 1996)
which does not allow thermal
stratification to take place.  Surface
temperatures ranged between 0oC in
the winter to a maximum
temperature of 25.5oC in the
summer.  There was no significant
difference between the two
monitoring sites (Site CL-1 mean =
9.9oC and Site CL-2 mean = 9.7oC)
(Figure 27).

Dissolved Oxygen

There was no significant difference between the two monitoring sites.  The average
concentrations for the two inlake sites were 8.67 and 7.88 mg/L, respectively.   The range
of dissolved oxygen values for Site CL-1 were 1.20 –18.10 mg/l and for Site CL-2 were
1.25-11.60 mg/L.  The dissolved
oxygen data for Clear Lake did not
exhibit any incidences of anoxia
during the study.  Although during
the winter of 1996-97 lower
concentrations of oxygen were
documented.  The lowest
concentrations for both sites were
collected on February 24, 1997.  This
was during the 1996-97 winter which
exhibited extreme depths of snow.
As can be seen in Figure 28,
concentrations of dissolved oxygen
dropped severely during the winter
and did not climb back to normal
levels until the month of March’97.
This was due primarily to sunlight
not being able to penetrate the snow
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and reducing rates of photosynthesis for algae which is usually facilitated by lack of snow
on the ice as it was during the winter of 1997-98 (Figure 29).  With the lower
temperatures water can hold more oxygen and algae underneath the ice can conduct
photosynthesis producing oxygen.  However, when there is an excessive depth of snow
on the ice the algae is prevented from producing oxygen through photosynthesis resulting
in lower concentrations of oxygen and corresponding fish kills due to the lack of oxygen
(winterkill).  This is especially true with very shallow lakes such as Clear Lake where the
mean depth is 4.5 feet.

A similar phenomenon can occur during the summer in which higher temperatures do not
allow water to hold as much oxygen.  During a collapsing algal bloom in which the algae
begin to die off there is a reduction in the photosynthetic rate, i.e. reduction in oxygen
production.  This lack of oxygen results in a summer fish kill that can be primarily linked
to the high levels of nutrients and the resulting algal blooms.  Clear Lake did exhibit
reduced levels of oxygen during the summer of 1997 (Figure 28).  Exceedances of the
dissolved oxygen standard were discussed earlier in the water quality standards section.

pH

Clear Lake exhibited no significant differences between the two monitoring sites.  The
average pH measurements for each site was 8.40 and 8.36, respectively (Table 11).  The
minimum value was 7.51 su sampled from Site CL-1 on February 24,1997.  The
maximum value of 9.30 su was recorded as an exceedance of the water quality standards.
This value was recorded from Site CL-2 on August 26,1997.  The pH from Site CL-1 was
9.16 on this same date which was also an exceedance of the water quality standards.
There were 4 other instances in which the pH standard of 9.00 su was exceeded.  Please
see the water quality standards section
for further discussion.   The only
plausible explanation for these higher
pH readings is that increased
photosynthesis and the resulting high
uptake of carbon dioxide by the
summer algae bloom drove the pH up.
The predominant chemical species
were HCO3

- and CO3
2- as a result of

the uptake of CO2 (Carbon Dioxide)
by the algae.  After the algal growth
occurs, rates of photosynthesis may
decrease and the lake is allowed to
equilibrate and pH shifts back down
below 9.00 to the 8.00 range where the
predominant carbonate species is the
bicarbonate ion (HCO3

-).  Clear Lake
usually recovers quickly in these

pH Meaurements for Clear Lake, 
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situations as a result of an adequate buffering capacity.  There was also slight drop in the
total alkalinity and dissolved solids concentrations during the periods when the higher pH
readings occurred (Figure 30 and 31).  These two parameters play a role in regulating or
buffering the pH.  When their concentrations decrease the pH can increase.

Alkalinity

Lakes within the State of South Dakota
usually range from 150 to 200 mg/L.
The minimum value for Clear Lake was
148 mg/L collected from Site CL-2 and
the maximum value of 204 mg/L was
collected from Site CL-1.  No
significant differences were exhibited
between sites.  The trend towards
increasing alkalinity during the winter
months was exhibited by Clear Lake.
This may be an indication that during
the winter months groundwater is more
of an influence than during the rest of
the year (Figure 31).  Interestingly the
pH dropped during periods when
alkalinity increased (Figure 30).

 Fecal Coliform

Fecal coliform is used as an indicator of human or animal wastes.  There were 36 inlake
fecal coliform samples collected during the project (9/24/96 – 5/20/98).  Of the 36
samples only six samples exceeded 10 colonies per 100 ml.  The maximum concentration
exhibited was 110 per 100 ml which was collected from Site CL-2.  The mean
concentrations for Sites CL-1 and CL-2 were 15 and 19 colonies per 100 ml, respectively.
No exceedances occurred for this lake.

Total Alkalinity Concentrations for Clear Lake, 
Deuel County, South Dakota
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Table 11.  Descriptive Statistics for Two Inlake Monitoring Sites from Clear Lake, Deuel County,
South Dakota, 1996-98.

Un-Chl-a Cor-Chl-a WT DO FpH COLIFOR
MS

TALK TS TDS TSS VTSS

mg/m3 mg/m3 oC mg/L su /100 ml mg/L mg/L mg/L mg/L mg/L
CL-1 Mean 60.9 59.0 9.9 8.67 8.40 15 222 531 503 26 10
Surface Median 36.2 33.2 9.5 9.30 8.45 10 204 486 463 15 7

Minimu
m

4.0 3.6 0.0 1.20 7.51 10 159 350 337 3 1

Maximu
m

345.1 352.6 25.0 18.10 9.16 70 347 763 749 80 18

StDev 80.0 82.2 9.0 4.20 0.49 15 53 115 123 26 7
CL-2 Mean 52.2 50.6 9.7 7.88 8.36 19 220 473 444 27 11
Surface Median 29.6 26.4 9.3 8.60 8.37 10 201 465 418 16 8

Minimu
m

2.3 0.7 0.0 1.25 7.53 10 148 124 121 3 1

Maximu
m

191.0 199.4 25.5 11.60 9.30 110 359 764 756 96 24

StDev 54.9 56.7 9.1 3.17 0.55 27 64 138 137 30 8

Table 11  cont. SECCHI CONDUC
T

AMM UN-
AMM

NO3+2 TKN O-N T-N TP TDP

feet µmhos mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
CL-1 Mean 1.9 445 0.14 0.0036 0.17 1.87 1.72 2.04 0.167 0.057
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Total Solids

The dissolved solids concentrations in
Clear Lake averaged 503 mg/L for Site
CL-1 and 444 mg/L for Site CL-2
(Table 11).  The concentrations in Clear
Lake ranged from a minimum of 121
mg/L from Site CL-2 to a maximum
concentration of 756 mg/L which was
also collected from Site CL-2 (2/24/97).
There was very little change in total
dissolved concentrations from year to
year.  Significant differences were not
exhibited between sites.

Total suspended solids for Site CL-1
averaged 26 mg/L whereas Site CL-2
averaged 27 mg/L.  The maximum
concentrations were 80 mg/L and 96 mg/L for Sites CL-1 and CL-2, respectively. The
maximum concentrations occurred during the month of October’1997.  The
concentrations also exhibited more variability during this time period as well.  Algae,
organic matter and fine particles suspended off the bottom due to shallowness of the lake
increased the concentrations.  Although the relationship between these two variables was
not significant, in certain instances the concentrations of suspended solids increased with
increasing chlorophyll a concentrations.  This was observed when the maximum
concentrations occurred in the month of October 1997.  A fall algal bloom occurred
increasing the chlorophyll a concentrations which resulted in a slight increase in
suspended solids.

Ammonia (total and un-ionized ammonia)

Bacterial decomposition of organic
matter is the primary source of
ammonia in lakes and streams.  High
ammonia concentrations can be used to
demonstrate organic pollution.  The
inlake samples averaged 0.14 mg/L and
0.17 mg/L for each site, respectively.
As is indicated by the mean
concentrations, Site CL-2 was slightly
higher.  The standard deviation (0.14
mg/L) for all ammonia samples was
greater than 50% of the overall mean of
0.17 mg/L indicating large variability in
the data.  The higher ammonia
concentrations that occurred during the

Dissolved Solids Concentrations for Clear Lake, 
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spring of 1997 were a by-product of the almost complete use of all the oxygen.

Increases in the un-ionized ammonia concentrations occurred during the summer of 1997
(Table 11).  Concentrations of un-ionized ammonia usually increase during the summer
with higher water temperatures and when the pH increases as a result of photosynthesis
and other factors.  The range of concentrations for Clear Lake was a maximum of 0.0130
mg/L collected from Site CL-2 on June 24, 1997 and a minimum of 0.0001 mg/L
calculated from samples collected during the winter at Site CL-2.

Nitrate and Nitrite

Nitrate+Nitrite (NO3+2) are inorganic forms of nitrogen that are most easily assimilated
by algae and other aquatic plants.  The process that converts nitrate and nitrite into free
nitrogen usually takes place in the lower strata of lakes.  This process also increases with
increasing temperature and decreasing pH.  There were no significant differences
exhibited between sites.  The average concentration of nitrate/nitrite for Site CL-1 was
0.17 mg/L whereas Site CL-2 averaged 0.19 mg/L.  There was an increase in
concentrations in winter and during the spring when concentrations increased to 1.0.
This corresponds to increases in other nitrogen species such as ammonia.  As the
ammonia concentrations increased due to biodegradation, some of the ammonia was
converted to the nitrate+nitrate through the process known as nitrification.

Total Kjeldahl Nitrogen/Organic Nitrogen

Kjeldahl nitrogen is used to calculate both organic nitrogen and total nitrogen.  The
organic nitrogen concentration mean for both inlake sampling sites was 1.72 mg/L and
1.63 mg/L, respectively.  The highest concentration of organic nitrogen (2.71 mg/L) was
sampled from Site CL-1 on January 12,1998.  This may have been due to an algae bloom
under the ice during the winter.  In addition, nitrogen samples usually exhibited higher
concentrations due to the amount of organic matter (algae) in this shallow lake.

Total Nitrogen

The maximum total nitrogen concentrations found in Clear Lake during the course of the
study were 3.32 mg/L at CL-1 and 3.21 mg/L at CL-2 sampled on March 25,1997.  There
were no significant differences exhibited between the two sampling sites.  The means for
the surface and bottom samples were 2.04 mg/L and 1.99 mg/L, respectively.

Total Phosphorus

As with the nutrient and solids parameters discussed thus far, there were no significant
differences exhibited by total phosphorus levels (Figure 33).  Inlake phosphorus
concentrations in Clear Lake averaged 0.167 mg/L (median 0.174 mg/L) for Site CL-1
and 0.169 mg/L (median 0.146 mg/L) for Site CL-2 (Table 11).  The minimum and
maximum concentrations of 0.023 mg/L and 0.335 mg/L for total phosphorus were both
recorded from Site CL-2.
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Trends for Clear Lake phosphorus
concentrations indicated a reduction in
phosphorus concentrations diluted by
increases in hydrologic loadings.
Following the spring runoff, total
phosphorus concentrations increased
with successive decreases in
hydrologic loadings.  After the
increases occurred they fluctuated
during the course of fall and winter,
depending on the influx of
groundwater and the presence of algae
and other aquatic organisms which
play a role in regulating inlake
phosphorus concentrations.

Total Dissolved Phosphorus

Dissolved phosphorus average concentrations were 0.057 mg/L and 0.061 mg/L for Sites
CL-1 and CL-2, respectively.  The minimum concentration was 0.013 mg/L sampled
from Site CL-2.  Concentrations followed the same general trend as TP decreasing during
the major runoff period for both sites
and increasing once this runoff
slowed (Figure 34).  The maximum
concentration, which was collected
from Site CL-2, reached 0.210 mg/L.
A regression analysis was conducted
to determine the relationship of
dissolved phosphorus and suspended
solids.  No relationship
(R2=0.02,n=36,df=35) existed
between these two variables from the
data collected in 1997-98.  However,
there was a slight relationship
between total phosphorus and
suspended solids (R2=0.35,n=36,
df=35).  The average concentration
of all the inlake dissolved
phosphorus samples was 0.059
mg/L, which is almost more than the
amount necessary to stimulate algal growth.
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Limiting Nutrient for Clear Lake

Blue green algae require a certain amount of nitrogen and phosphorus to develop and
maintain a bloom.  Depending on how much of these nutrients are available for uptake
these blooms can be intense and severe and restrict the attainment of some of the
beneficial uses for Clear Lake.  If either phosphorus or nitrogen is reduced to an amount
which can significantly reduce the severity of these blooms, it is known as the limiting
nutrient for Clear Lake.  In cases where the amount of nitrogen is limiting, blue-green
algae can fix atmospheric N2 (nitrogen) provided there is enough phosphorus available to
sustain their growth (Wetzel, 1983).  This is why, when nitrogen may be the limiting
factor, it is easier to control the severity of algal blooms through phosphorus
management.

Clear Lake has relatively moderate dissolved phosphorus concentrations that are greatly
affected by the amount of surface water loading delivered from main northwest inlet.
Also, during the course of this project, the mean total phosphorus concentrations were
nearly ten times the concentration
necessary to stimulate algal blooms.
Due to these high concentrations of
phosphorus, the ratio of 10:1 was used
to determine the limiting factor.  If the
ratio of nitrogen divided by
phosphorus, is greater than 10 for
(TN/TP), the lake is assumed to be
phosphorus limited for the respective
parameters (USEPA, 1990(2)).  A
ratio of less than 10 assumes the lake
is nitrogen limited.

The mean ratio from the inlake
samples collected during the course of
the study was 15.8.  Figure 35
indicates that Clear Lake is
predominantly limited by phosphorus
during most times of the year.  The highest TN:TP ratio observed during the project was
115.7 from samples collected on March 25, 1997.

Clear Lake Algal Communities (1997-1998)

In recent decades, Clear Lake has undergone considerable siltation and nutrient
enrichment.  The former has reduced average lake depth to less than five feet while the
latter process has resulted in greatly diminished water clarity produced mainly by the
growth and decay of large standing crops of algae.  Recent algal densities and chlorophyll
a levels were among the highest recorded for 115 state lakes monitored by DENR.

Total Nitrogen to Total Phosphorus Ratio for Clear Lake 
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Clear Lake has reached an advanced stage of eutrophication where nutrient limitations for
algal growth have been virtually removed.  Clear Lake algal densities remained high over
nearly the entire annual cycle in 1997 and 1998 and were apparently mostly limited by
the availability of light and self-shading effects. There are other factors also involved in
the development of an algal bloom such as temperature and water clarity among others.
However, nutrients are much more easily managed than any of these other factors.

Population succession in Clear Lake algae communities was intense throughout the year
and blooms of successive populations followed one another in rapid sequence including
in the winter months under ice.  The patterns of succession between years were
apparently controlled by meteorological conditions such as the unusually mild winter of
1997-98.  During the previous spring and summer of 1997 algal populations may have
been affected (moderately reduced) by the development of dense stands of aquatic
vegetation (mainly sago pond weed) throughout the lake.

Trophic State Index (Clear Lake)

Carlson’s (1977) Trophic State Index (TSI) is an index that can be used to measure the
relative trophic state of a waterbody.  The trophic state is a description of how much
production occurs in the waterbody.  The smaller the nutrient concentrations in a
waterbody, the lower the trophic level.  As the nutrient levels increase, the waterbody
becomes more eutrophic or even hypereutrophic.  Those lakes with few nutrients may be
found in montane areas (Black Hills) and are termed oligotrophic.  The majority of lakes
in South Dakota are in the eutrophic to hypereutrophic range as a result of excessive
nutrient input.  Table 12 describes the different numeric limits for the various levels of
Carlson’s Index.

Table 12.  Trophic Index
Levels.

Table 13. Average Summer Trophic State Index Levels for
Clear Lake.

Trophic Level Numeric
Range

Parameter
Þ

TSI Secchi
Disk

TSI
Phosphorus

TSI
Chlorophyll a

Oligotrophic 0 --  35 Average 69.89 77.45 64.29
Mesotrophic 36 --  50 Median 67.90 77.71 64.41
Eutrophic 51 --  64 Minimum 65.12 69.54 51.80
Hyper-
eutrophic

65 -- 100 Maximum 78.66 84.04 72.57

StDev 5.14 5.42 7.38

Three different parameters are used to determine the average trophic state of a
waterbody: 1) secchi disk, 2) total phosphorus, and 3) chlorophyll a.  TSI levels for all of
the water quality data available for Clear Lake are indicated on Table 13 and Figure 36.

The mean and median of secchi depth and chlorophyll a are both on the edge between
eutrophic and hyper-eutrophic.  The total phosphorus TSI is in the high end of the hyper-
eutrophic scale.  This is indicative of the excessive amounts of nutrients in Clear Lake.
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Over the years in which data was available for Clear Lake, the mean trophic status is 65,
which is the lower end of the hyper-eutrophic index.
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Chlorophyll a

Statistical analysis was used on
the data collected during the
project to determine if there was a
significant relationship between
Sites CL-1 and CL-2.  No
significant differences were found
between the sites.  However, the
chlorophyll a concentrations were
extremely variable throughout the
course of the study.  In fact, the
standard deviation, which is a
measure of the distribution of the
observations around the mean, is
greater than the means of Sites
CL-1 and CL-2.  The means were
60.9 mg/m3 (stdev=80.0) and 59.0 mg/m3 (stdev=82.2) for Sites CL-1 and CL-2,
respectively.

The chlorophyll a concentrations for Clear Lake ranged from a minimum of 2.3 mg/m3

sampled on March 25, 1997 to a maximum of 345.1 mg/m3 sampled on January 12, 1998.
Chlorophyll a concentrations were typically higher during the late summer and early fall
than at any other time period
during the sampling year.
The exception to this was the
maximum concentration that
was observed during the
month of January.  In this
particular instance a winter
bloom of large-bodied
flagellated Cryptomonas spp.,
Synura uvella, and
Glenodinium spp. caused a
spike in the chlorophyll a
concentration.  The numbers
blue-green, green and diatom
algae were relatively
insignificant contributors of
chlorophyll at this time.

Clear Lake Summer Chlorophyll a  Concentrations 
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Although chlorophyll a is
an important parameter for
Clear Lake, the extent of
algae blooms depends to a
large degree on the nutrient
content of the lake.
Chlorophyll a and total
phosphorus may be
expected to have a direct
relationship in regard to
increasing concentrations.
Typically, as total
phosphorus increases so
does chlorophyll a.
However, as shown in
Figure 38, there seems to be
only a slight relationship
between phosphorus and
chlorophyll a for all the
data collected during the
project (R2 value of 0.49).
The fact that the lake may
not always be phosphorus
limited; the fixation of
nitrogen by blue-green
algae; and influence of
resuspended sediments,
may be some of the reasons
for the lower R2 value.

After reviewing the data it
was determined that there
were two data points which
were considered to be
outliers.  The chlorophyll a
and total phosphorus
concentrations collected
from Site CL-2 for the dates
of September 24, 1996 and
September 22, 1997 were
not consistent with the
remaining data points.  After conducting the regression analysis on this adjusted data set
the R2 value improved to 0.73 that indicates a fairly significant relationship (Figure 39).
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To normalize the
distribution of the data, a
log transformation of the
total phosphorus and
chlorophyll a
concentrations was also
conducted. This
transformation increased
the relationship
significantly (R2=0.85,df
=9,n=10) (Figure 40).

The relationships between
phosphorus and
chlorophyll a can be used
to estimate the reduction
in chlorophyll a that could
be attained by reducing
inlake phosphorus
concentrations.  The better
the relationship the more confident lake managers can be in expected results.  When
applying the regression derived from the data previously discussed it is important to note
that the predictions should be made within the range of data used in the analysis.  It may
skew the results if recommendations are made outside of this range of data.  The total
phosphorus concentrations applied to the regression analysis ranged from 0.093 mg/L to
0.302 mg/L.  The chlorophyll a concentrations ranged from 8.71 mg/m3 to 101.84 mg/m3.
This data set and the resulting regression analysis will be used in the next section for the
reduction-response model.  The equation for the line in Figure 40 will be used to predict
chlorophyll a from inlake phosphorus concentrations.  The line equation (Equation 1) is
shown below:

{Equation 1} ( ) ( )( )1356.26213.1 ×−= XLogYLog (Clear Lake Data Only)
Y = predicted chlorophyll a concentration

X = phosphorus concentration

Log of Total Phosphorus to Log of Chlorophyll a Relationship 
Using 1996-1998 Data (Clear Lake, Deuel County, South Dakota)
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Reduction/Response Model (Clear Lake)

Inlake total phosphorus concentrations are a function of the total phosphorus load
delivered to the lake by the watershed.  Vollenweider and Kerekes (1980) developed a
mathematical relationship for inflow of total phosphorus and the inlake total phosphorus
concentration.  They assumed that if you change the inflow of total phosphorus you
change inlake phosphorus concentration a relative but steady amount over time.  The
variables used in the relationship are:

1) [ ]λP = Average inlake total phosphorus concentration

2) [ ]iP = Average concentration of total phosphorus which flows into the
                lake

3) pT = Average residence time of inlake total phosphorus
4) wT = Average residence time of lake water

Data collected during the project (1996 - 1998) provided enough information to estimate
[ ]λP , [ ]iP , and wT .  In order to estimate the residence time of total phosphorus ( pT ) it

was necessary to back calculate Equation 2 below, and solve for pT  by forming Equation
3 (Wittmuss, 1996).

{Equation 2} [ ]λP  = [ ]iP
T
T

w

p













{Equation 3} ( ) [ ]
[ ] ( )wp T
P
PT

i
λ

=

Values for [ ]λP , [ ]iP , wT  were determined in the following manner:

[ ]λP was determined by averaging all of the surface total phosphorus samples from 1996-
98 collection period.

[ ]iP was determined by adding all of the input loadings for total phosphorus in milligrams
and dividing that number by the total number of liters that entered the lake.  The values
for both of these numbers came from tributaries, groundwater, and the atmosphere.

wT was determined by averaging the total volume of Clear Lake (2,400 acre-feet) by the
total inputs of water into the lake (28,828 acre-feet/days of discharge measurements).

wT = daysfeetacre
feetacre

235/828,28
400,2

−
− = 19.6 days = 0.054 year
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The final values for [ ]λP and [ ]iP are:

[ ]λP   =  0.168 mg/L [ ]iP   = 0.404 mg/L

By placing the numbers in the proper places as discussed in Equation 3, pT would be:

( ) ( )054.0
404.0
168.0





=pT   =  0.0225 years  = 8 days

Referring back to Equation 2, reducing the inputs of total phosphorus, the equation would
estimate the reduction of inlake total phosphorus.  This is assuming constant inputs of
water.  Theoretically, the retention time for total phosphorus should also be reduced.
With only one year of sampling, there is no way to estimate the reduction in the retention
time of total phosphorus.  The pT  constant (0.0225) derived from the data will be used in
Equation 2.  After estimating the amount of reduction of inlake phosphorus after a
reduction of input phosphorus, Equation 1  (page 59) can be used to see the reduction of
chlorophyll a.  As can be seen in Table 14, a 20% reduction in phosphorus inputs to Clear
Lake will reduce the inlake chlorophyll a concentration by an estimated 30%.  The 20%
reduction would also lower the chlorophyll TSI value well below the hyper-eutrophic line
(Figure 41).  As stated above, this is considering no reduction in the retention time of
total phosphorus.  If the retention time is lowered, the lake should experience even lower
inlake concentrations and lower chlorophyll a concentrations.  As the input
concentrations of phosphorus are lowered, the lake will see algal blooms that are less
intense and of a shorter duration.  These tables and graphs are predictive on the data
collected during the study.  Actual changes can be expected to differ depending on runoff
values and the extent of change that occurs in the volume of water passing through Clear
Lake.

Table 14.  Effects of Reducing Phosphorus to Clear Lake

Percent Percent
Reduction
of

Reduction
of

Phosphorus Input Phos InLake
Phos

Chlorophyll
a

Chlorophyll
a

Phosphor
us

Chloroph
yll

Inputs Concentrati
on

Concentrati
on1

Concentrati
on

Concentrati
on

TSI TSI

0% 0.404 0.168 29.67 0% 78.07 63.83

10% 0.363 0.151 25.01 16% 76.55 62.15

20% 0.323 0.134 20.66 30% 74.85 60.28

30% 0.283 0.118 16.64 44% 72.93 58.15

40% 0.242 0.101 12.96 56% 70.70 55.70

50% 0.202 0.084 9.64 67% 68.07 52.80

60% 0.161 0.067 6.72 77% 64.85 49.25

70% 0.121 0.050 4.21 86% 60.70 44.68

80% 0.081 0.034 2.18 93% 54.85 38.23
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90% 0.040 0.017 0.71 98% 44.85 27.20

1 Inlake phosphorus concentrations must be converted from mg/L to mg/m3 before
using Equation 1 to predict chlorophyll a.

Predicted Reduction of Chlorophyll a  and Total Phosphorus for 
Clear Lake, Deuel County, South Dakota (1)
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(1) - A total phosphorus inflow concentration of 0.404 mg/L for the reduction/response
model was derived by using total phosphorus load divided by the total hydrologic load
delivered to Clear Lake.  Reduction/Response model was based on the Total
Phosphorus/Chlorophyll a Relationship from 1996-1998 data (R2=0.85,n-10,df=9).
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Aquatic Plant Survey

An aquatic plant survey was conducted for Clear Lake during August of 1997.  This plant
survey indicated heavy growth of the plant species Potamogeton pectinatus commonly
known as sago pondweed.  Almost the entire surface area (>90% coverage) of the lake
was covered with this species.  Due to the shallow depth and the hyper-eutrophic
condition of the lake there was only one dominant species of aquatic plants.  Sago
pondweed can tolerate a wide range of water quality conditions.  Sago pondweed is
common in ponds, lakes, and slow streams in nonacid waters.  In fact, P. pectinatus is
found in more brackish waters than is tolerated by other Potamogeton species or most
other genera of freshwater plants.

In a very site-specific area, located near the outlet where a gravel bottom was the
predominant substrate one species of the macroalgae Chara was present.  Chara spp. are
usually indicators of good water quality.  In the southwestern section of the lake near the
outlet these algae were very common which may be an indication of groundwater springs
located in this area (Figure 42).  The predominant substrate for the remaining area of the
lake is primarily uniform silt.  This common substrate and the impaired water quality
reduce the ability of certain other aquatic plant species to colonize any other areas in the
lake resulting in the presence of one dominant aquatic plant species-Potamogeton
pectinatus.

If the depth of Clear Lake is increased through dredging, the aquatic plant situation may
improve.  The depth of the lake would have to increase dramatically in certain areas
before this would take place.  However, if the water quality improves, the species
diversity of aquatic plants may improve as well.

City of
Clear Lake

Location of Chara spp.

Figure 42.  Location of Chara spp within Clear Lake, Deuel County, South Dakota.
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Clear Lake Sediment Survey

An inlake sediment survey was performed on Clear Lake to determine the depth of loose
sediment on the bottom of the lake.  Figure 43 contains a contour map which shows the
depth of the sediment on the lake bottom.  The results of the survey estimated 2.48
million cubic yards of sediment are on the bottom of the lake.  This correlates to an
average sediment depth of 2.9 feet over the entire 532 acre surface area of the lake.

The north bay of the lake has the deepest and largest area of sediment deposits.  Dredging
to remove the entire 2.48 million cubic yards of sediment will probably be too costly.
Partial lake dredging will provide an affordable option that will still provide benefits to
the lake and its users.  The removal of 750,000 cubic yards of sediment would increase
the depth of the lake by 4 feet over 116 surface area acres.
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Figure 43.  Locations of Sediment for Clear Lake, Deuel County, South Dakota.
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Agricultural Nonpoint Source Model Executive Summary

This is the executive summary of the AGNPS report.  The entire report can be found in
Appendix A.

Watershed/Subwatershed Analysis

Sediment – The AGNPS data indicates that the Clear Lake watershed has a very low
sediment deliverability rate at the outlet of Clear Lake (0.032 tons/acre/yr).  This is
equivalent to a load of 867 tons of sediment leaving Clear Lake per year.  However, an
analysis of the sediment transport and deliverability throughout the watershed indicated
that for an average year , approximately 3,084 tons (0.121 tons/acre) of sediment enter
Clear Lake.  This correlates to a trapping efficiency of 71.9% for Clear Lake which under
estimates the status of erosion and sediment deliverability rates throughout the watershed.
When a details subwatershed analysis was performed, three(1#308, 4#579, and 6#485) of
the ten primary subwatersheds analyzed appeared to have high sediment deliverability
rates.  These subwatersheds were found to contribute 55% of the total sediment, contain
39.5% of the critical erosion cells while occupying only 28.7% of the watershed area.
The suspected source of this sediment is from agricultural lands which have slopes of 4%
and greater, and ar currently cropped or have poor vegetative cover.  The conversion of
this acreage to high residue management system or rangeland should reduce the volume
of sediment delivered to Clear Lake.

Nutrients – The AGNPs data indicates that the Clear Lake watershed (at the Clear Lake
outlet) has a total nitrogen (soluble+sediment bound) deliverability rate of 5.58 lbs/acre/yr, and a
total phosphorus (soluble+sediment bound) deliverability rate of 1.18 lbs/acre/yr.  However, the
mean subwatershed nutrient deliverability rate within the Clear Lake watershed was
estimated to be 22.1 lbs/acre for nitrogen and 5.2 lbs/acre for phosphorus.  On an annual
basis, 77 tons of nitrogen and 18.8 tons of phosphorus are delivered to the lake while only
76 tons of nitrogen and 16.1 tons of phosphorus leave Clear Lake.  This correlates to a
trapping efficiency of 1.3 % for nitrogen and 14.4% for phosphorus entering Clear Lake.
When a detailed subwatershed analysis was performed, four of the ten subwatersheds
analyzed appeared to have high nutrient deliverability rates.  Subwatersheds 1(#308),
4(#579), 5(#553) and 10(#562) appear to be contributing very high amounts of nutrients
especially in the form of water soluble (dissolved) nutrients.  The model indicates that
these high loads may be related to animal feedlots located near the subwatershed outlets
and close to channelized flows.  The results also indicated that runoff from fertilized
corpland was a significant source of water soluble nuttiness to Clear Lake.  These four
subwatersheds contribute 51.6% (39.7 tons) of the total nitrogen and 56.4% (10.6 tons)of
the total phosphorus load to Clear Lake and only make up 38.3%of the watershed area.
The most likely source of nutrients is from animal feeding operations located near stream
channels and runoff from fertilized cropland.
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Critical NPS Cells

Sediment – An analysis of individual cell sediment yields indicated that out of the 684
cells found within the Clear Lake watershed, 95 had sediment erosion yield greater than
9.0 tons/acre (25 year event).  This is approximately 13.9% of the cells found within the entire
watershed.  The suspected primary source of elevated sedimentation within the critical
cells is from agricultural lands which have landslopes of 4% or greater which are utilized
as cropland (high C-factor).  The AGNPS model was run with reduced C-factors to
simulate conservation tillage practices to determine the amount of sediment that could be
retained.  The C-factors were changed on 26 cells (1040 acres) to a value that would
simulate a change from conventional tillage to no-till practices.  The C-factors were also
changed on 30 cells (1200 acres) to a value that would simulate a change from
conventional tillage to minimum tillage practices.  Installing these practices will reduce
the amount of sediment entering Clear Lake annually from 3084 tons to 2034 tons (34%
reduction.

Nutrients – An analysis of individual cell nutrient yields indicated that out of the 684
cells found within the watershed, 63 had sediment bound nitrogen yields greater than
10.0 lbs/acre and sediment bound phosphorus yields greater than 5.0 lbs/acre.  This is
approximately 9.2% of the cells within the watershed.  An analysis of individual cell
nutrient yields also indicated that 11 cells had water soluble nitrogen yields greater than
10.0 lbs/acre and 6 cells with water soluble phosphorus yields greater than 5.0 lbs/acre.
This indicates that sediment bound nutrients are the majority of the total nutrients that
enter the lake.  The suspected source of the elevated water soluble nutrient levels found
within the Clear lake watershed is likely due to animal feeding operations located
adjacent to intermittent streams.  The identified critical NPS cells should be given high
priority when installing any future BMPs.

Feeding Area Evaluation

A total of 25 animal feeding areas were evaluated as part of the study.  Of these, sixteen
were found to have an AGNPS rating of 50 or greater and ten had an AGNPS rating of 60
or greater.  An analysis to evaluate the impact of feeding areas was also performed.
When the model was run with the ten feeding areas with an AGNPS rating>60 taken out
of the watershed, the dissolved phosphorus load into Clear Lake was reduced from 12.5
tons to 11.3 tons (9.6% reduction).  For this same scenario the dissolved nitrogen load
into Clear Lake was reduced from 63.7 tons to 56.9 tons (10.7% reduction).  These 10
feeding areas locate within cells #249, #253, #312, #361, #376, #399, #490, #619, #639,
and #660 appear to be contributing significant levels of nutrients to the watershed.  It is
recommended that these ten animal feeding areas be evaluated for potential operational or
structural modifications in order to minimize future nutrient releases.

Conclusions – It is recommended that the implementation of appropriate BMPs be
targeted to the critical subwatersheds, critical cells and priority animal feeding areas.
However, due to the high rate of sediment erosion found within subwatersheds #308,
$485, and #579 and their high deliverability rates, initial efforts to reduce sediment
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should be targeted to these subwatersheds.  Feeding areas with an AGNPS rating greater
than 60 should be evaluated for potential operational or structural modifications in order
to minimize future nutrient releases.  These feeding areas appear to be contributing
significant nutrients to the watershed and should be given a priority.  It is recommended
that any targeted cell should be field verified prior to the installation of any BMPs.  This
methodology should produce the most cost effective treatment plan in reducing sediment
and nutrient loads to Clear Lake.

If you have any questions concerning this study, please contact the Department of
Environment and Natural Resources at 605-773-4254.

.
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CONCLUSIONS

Water Quality Standards

During the project there were no exceedances of the water quality standards for the
tributary samples.

The inlake water quality standards for Clear Lake were exceeded a total of 13 times.
There were five documented exceedances of the pH standard 9.0 su for Clear Lake.  Most
of the pH exceedances can be attributed to algal blooms or the extensive aquatic plant
growth documented for Clear Lake during the summer.  There were eight dissolved
oxygen observations that exceeded the standard of 5.00 mg/L.  Both inlake sites exhibited
four of these exceedances on the exact same dates.  Four of the 8 occurred during January
and February of 1997 during snow cover and reduced photosynthetic rates.  The other
four occurred during the summer of 1997 due to the shallow nature of Clear Lake, high
temperatures and excessive rates of biodegradation during this time period. There was
one exceedance of the temperature standard for Clear Lake.

Seasonal Water Quality

Many of the water quality parameters increased in concentration during the spring runoff.
During the spring runoff (March – May), when greater than 80% of the runoff occurred
for some of the tributary sites, the concentrations for nutrients and suspended solids
concentrations increased.  These higher concentrations can be attributed to the much
higher flows that occurred during this sampling period.  Typically, each tributary’s
sample concentrations exhibited a variety of seasonal trends.  Site CLT-1 (northwestern
tributary) exhibited the maximum concentrations during the spring and, as the sampling
year continued, the samples decreased in concentration.  However, this was highly
dependent upon the individual parameter.  Nutrients were typically higher in the spring
with periodic spikes occurring during the year, which may have been due to fertilizer and
animal waste runoff.  The higher concentrations also may have been due to overland flow
across frozen ground.  Dissolved nutrients are able to adsorb to any soil particle and there
is very little nutrient demand by the vegetation due to the early time of the year.

Tributary Sampling

Site CLT-1 is located in the far upper reaches of the watershed and drains 3,840 acres
(Figure 44).  This site exhibited the highest nitrate+nitrite concentrations with very high
fecal coliform concentrations.  Phosphorus concentrations were also very high although
the suspended solids concentrations were relatively low.  Compared to the other
downstream monitoring sites within this northwestern drainage this site exhibited the
highest percentage of dissolved phosphorus fraction (79%), i.e. there was much more
dissolved phosphorus than particulate phosphorus.  The higher concentrations at Site
CLT-1 for nitrate resulted in very high export coefficients per unit area (lbs/acre/yr) for
nitrogen.  However, the phosphorus and sediment export coefficients were moderately
high.



72

Site CLT-2a monitored a large subwatershed draining 9,000 acres from the northwest
(Figure 44).  The monitoring site was located on the outlet of Lake Sutton.  Lake Sutton
serves as a nutrient and sediment trap for this subwatershed so excessive concentrations
(in comparison to the other monitoring sites) for these parameters were not observed.
However, the AGNPS computer model identified four highly rated livestock feeding
areas, 24 critical nutrient cells (40 acres each), and 28 critical erosion cells.

Site CLT-3 monitored the same tributary as CLT-1 and 2a (Figure 44) and it also
included an additional 3,000 acres.  Dissolved phosphorus concentrations were slightly

lower compared to Site CLT-1.  The highest fecal coliform mean was observed from this
tributary site, however.  Higher phosphorus export coefficients (TP lbs per acre) were
exhibited at this site compared to the two upstream monitoring sites even though the
concentrations were less.  AGNPS identified 2 livestock feeding areas rated greater than
50 in the 3,000 acres located between Sites CLT-1 and 2a.  It also identified 11 critical
nutrient cells (40 acres each) and 13 critical erosion cells in this addition 3,000 acres.

Site CLT-7 was located downstream of Site CLT-3 and monitored an additional 880
acres for a total subwatershed area of 16,720 acres (Figure 44).  This site also exhibited a
higher fraction of particulate phosphorus (sediment-bound) which indicated that the
source for most of the dissolved fraction was located upstream of Site CLT-3.  The fecal
coliform concentrations were slightly less compared to the upstream sites.  With the
larger volume of water flowing at this final downstream site, the export coefficients (lbs
per acre) were slightly higher than the upstream sites.  The sources of these higher export

CLT-1

CLT-2a

CLT-3

CLT-7

CLT-6

CLT-10

CLT-5

CLT-4
CLO-9

Figure 44.  Clear Lake and Clear Lake Watersheds and Tributary Monitoring Sites.
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coefficients were located upstream as identified in the subwatersheds of Site CLT-1, 2a,
and 3.

Site CLT-6 is a small subwatershed north of Clear Lake draining 1,000 acres (Figure 44).
The water quality or loadings data did not indicate any significant problems with this
watershed although the AGNPS computer model did identify one livestock feeding
operation rated greater than 50 (scale = 0-100) and two critical erosion cells.

Site CLT-10 is located directly east of Clear Lake and drains approximately 2,880 acres
of the southeastern portion of the watershed.  Even though this site was located on the
outlet of a wetland, which serves as a nutrient and sediment trap, high phosphorus
concentrations were observed.  The small watershed and the very low volume of water
discharged into Clear Lake by this tributary resulted in very low phosphorus and
sediment export coefficients.  AGNPS did identify four livestock feeding areas rated
greater than 50 (scale =0-100), six critical nutrient cells (40 acres each), and seven critical
erosion cells in this watershed.

Site CLT-4 drains a small subwatershed (3,000 acres) from the west of Clear Lake
(Figure 44).  Only during times of extreme flooding does this drainage enter the lake.
Most of the time this drainage basin bypasses Clear Lake and enters Hidewood Creek
which is the outlet of Clear Lake.  AGNPS identified two livestock feeding areas rated at
17 and 18.  However, it also identified eight critical nutrient cells and 15 critical erosion
cells.  Site CLT-4 exhibited high levels of phosphorus and nitrogen but only moderate
levels of fecal coliform bacteria. This indicates that there may be some livestock grazing
upstream, but there is also some erosion and cropland runoff which may also be a source
for these higher levels of nutrients

Site CLT-5 is located downstream of Site CLT-4 (Figure 44).  It drains 800 acres in
addition to the 3,000 acres located upstream of Site CLT-4.  This site exhibited the
highest concentration of total phosphorus and nitrogen.  Water quality at this site is
effected by the sources identified above Site CLT-4 as well as the storm sewers from the
city of Clear Lake and the golf course located just upstream of this monitoring site.  All
of these sources contributed to the high concentrations of nutrients and sediment at Site
CLT-5 (the maximum TSS concentration of 316 mg/L was collected from this site).

Site CLO-9 is the outlet of Clear Lake (Figure 44).  This lake acts a retention basin for
the sediment and nutrient loadings discharged from all of the input sources.
Concentrations of total phosphorus and suspended solids were not significantly different
from the inlake concentrations.  Fecal coliform were very low as were the suspended
solids.  Dissolved phosphorus concentrations were reduced during the summer to
accommodate the inlake nutrient requirements of the vegetation.  Ammonia loadings
increased during the summer as well, due to the subsequent breakdown of algae and other
vegetation.
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Comparison of Water Quality Data and AGNPS Modeling

The AGNPS computer modeling conducted on the Clear Lake watershed indicated high
sediment and nutrient yield results from the same subwatersheds where water quality data
indicated high export coefficients for these same parameters. AGNPS indicated that
subwatershed CLT-1 (AGNPS report outlet cell#308) delivered high amounts of
sediment to Clear Lake.  Site CLT-1 had a moderately high sediment export coefficient at
57 lbs/acre/yr to Clear Lake.  High sediment yield was identified in the CLT-4
subwatershed by AGNPS.  Although this was relatively high at 84 lbs/acre the water
quality data indicated that the sediment yield for CLT-5 was much higher at 314 lbs/acre.
This may be a product of the storm sewers and grazing cattle located between CLT-4 and
5.  The Site CLT-5 sediment export coefficient was biased because of the extremely high
TSS concentration of 316 mg/L that occurred during the spring of 1997.  After this
occurrence the concentrations were relatively low.  Another subwatershed identified as
significant for sediment erosion was CLT-6.  However, the water quality data
contradicted the AGNPS export coefficient.  From the water quality data, this
subdrainage had a very low sediment export coefficient primarily due to the effect of the
local wetland.

In addition to high sediment, high nutrient contributions were identified in other
subwatersheds.  AGNPS identified these critical subwatersheds as CLT-1, CLT-4, CLT-
5, and CLT-10 which appeared to be contributing very high amounts of nutrients
especially in the form of water soluble (dissolved) nutrients.  The AGNPS model
indicated that the high nutrients may be due to animal feedlots and runoff from fertilized
cropland.

The water quality data indicated that these same subwatersheds (CLT-1, CLT-4, CLT-5,
and CLT-10) were major contributors to the nutrient loading of Clear Lake, with one
exception.  The water quality data indicated that Site CLT-10 had very low nutrient
export coefficients.  However, the water quality coefficients were based on insufficient
data (two samples) and the outlet site for CLT-10 was also located on a wetland.

Possible sources in these areas of high nutrients and sediment were identified as high
slopes and bank erosion due to lack of riparian vegetation, reduced residue management,
as well as crop and lawn fertilization.  Other sources which were identified as significant
were confined and pastured livestock feeding areas.

Another subwatershed of concern was Site CLT-2a which drains 9,000 acres above Lake
Sutton.  Presently, most or a large percentage of sediments and nutrients that enter Lake
Sutton and are trapped.  However, once Lake Sutton becomes “silted-in” its capacity for
holding nutrients and sediments will be reduced to the point where it will become a major
contributor (point source) to Clear Lake.
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Hydrologic, Sediment, and Nutrient Loadings

The northwestern tributary (Site CLT-7) flowed continuously during 1997 discharging
26,010 acre-feet of water into Clear Lake, which constituted over 83% of the hydrologic
load.  Other minor contributors to Clear Lake were Sites CLT-6 (5%), CLT-10 (1%),
ungauged runoff (8%), and precipitation (4%).

Site CLT-7 contributed 99% of the total amount of sediment discharged into Clear Lake.
Clear Lake accumulated 607 tons of sediment which constitutes only 0.005 inch of
sediment over the entire surface area of the lake per year.  These figures indicate that
erosion (sediment load) from the watershed is not a problem for Clear Lake.

Site CLT-7 contributed over 93% to the overall phosphorus budget for Clear Lake.  Clear
Lake accumulated 24,822 lbs (12.4 tons) of phosphorus during 1997.  Ninety-one percent
of the phosphorus discharged into the lake was received during the spring season when
85% of the hydrologic load occurred.

Storm Sewers

Storm sewer samples were collected from three sites within the city of Clear Lake.  Each
of these samples exhibited extremely high concentrations of nutrients (phosphorus and
nitrogen), fecal coliform bacteria, and sediment (total suspended solids).

Inlake

Clear Lake is too shallow (avg. depth < 5.0ft) to undergo stratification.  The predominant
algal species during the summer was a variety of blue-greens such as Anabaena spp.,
Aphanizomenon flos-aquae, Aphanocapsa spp, and Oscillatoria agardhii. These blue
green algae favor high concentrations of phosphorus.  Mean concentration of phosphorus
in surface samples from Clear Lake was 0.167 mg/L and 0.169 mg/L for Sites CL-1 and
CL-2, respectively.  This is considerably higher than the requirement to initiate intense
blue-green algal blooms which is 0.02 mg/L.  The fraction of dissolved phosphorus for
both lakes averaged between 36% and 38%.  During spring runoff, nutrient
concentrations decreased but then increased during the summer months.

Limiting Nutrient and Trophic State Index (TSI)

Since blue-green algae are only able to assimilate dissolved phosphorus but can
assimilate several kinds of nitrogen, a total nitrogen to total phosphorus ratio was used to
determine the limiting nutrient.  When the total nitrogen to total phosphorus ratio
increases to 10:1, blue green algae appear to be phosphorus limited.  The average total
nitrogen to total phosphorus ratio for Clear Lake was 15.8.  Turbidity was a limiting
factor in Clear Lake where shallow depth allows resuspension of solids, reducing the
amount of available light.  The mean total phosphorus trophic status (TSI) was 77 for
Clear Lake.  The hypereutrophic range of Carlson’s Trophic Index begins at 65 indicating
that Clear Lake is in the hypereutrophic range.
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Chlorophyll a and Phytoplankton

The high surface concentrations of chlorophyll a indicated extensive blooms or algal
increases that occurred throughout the year.  The highest chlorophyll a concentration of
345.1 mg/m3 occurred in January.  In this particular instance there was a bloom of large-
bodied flagellated algae which caused this spike during January.  For the most part,
concentrations were higher during the late summer and early fall.  During 1997, summer
chlorophyll a peaked during early July and August.  The predominant algae present in
Clear Lake during the summer samples were large populations of blue-green algae
explaining the increase in chlorophyll.  Anabaena spp., Aphanizomenon sp., Oscillatoria
sp., and Aphanocapsa spp. were all present in greater numbers than most other species.
The summer chlorophyll a concentrations for Clear Lake ranged well within the
hypereutrophic range, with TSIs in excess of 65.

Relatively significant relationships were found between summer total phosphorus and
chlorophyll a concentrations.  After analyzing all data available for Clear Lake only the
data collected during 1997 was found to exhibit a significant relationship between total
phosphorus and chlorophyll a (R2= 0.85).  This relationship was then used in the
reduction response model for Clear Lake.

Reduction Response Model

A model estimated the effect on Clear Lake of reducing tributary phosphorus in the lake
watershed for both Clear Lake.  A 20% reduction of tributary loadings to Clear Lake
would result in a chlorophyll a concentration reduction of 30%.  If the reduction could be
reached, the TSI ranking for chlorophyll a would be reduced to well below the
hypereutrophic level for Clear Lake.

Aquatic Plant Survey

An aquatic plant survey was conducted for Clear Lake during August of 1997.  This plant
survey indicated heavy growth of the plant species Potamogeton pectinatus, commonly
known as sago pondweed.  Almost the entire surface area (>90% coverage) of the lake
was covered with this species.  Due to the shallow depth and the hyper-eutrophic
condition of the lake there was only one dominant species of aquatic plant.

Sediment Survey

A sediment survey indicated that the removal of 750,000 cubic yards of sediment would
increase the depth of the lake by 4 feet over 116 surface area acres.  This constitutes 22%
of the total surface area of Clear Lake.



77

RESTORATION ALTERNATIVES

Because of the soluble nature of nitrogen it is very difficult to remove it from a lake and
watershed system.  Phosphorus will not pass through groundwater as readily as nitrogen,
as it sorbs on to soil and other substrates.  Phosphorus is also considered the limiting
nutrient when blue-green algae bloom.  For these reasons the sponsors should concentrate
on the removal of phosphorus from sources entering Clear Lake.

There are a variety of sources of phosphorus that were identified within the Clear Lake
watershed.  Various treatments and best management practices will need to be
implemented in order to attain a 20% reduction in phosphorus loadings.  According to the
relationship between total phosphorus and chlorophyll a, this should result in a 30%
reduction of lake Chlorophyll concentrations.

AGNPS Reductions

In order to achieve a chlorophyll a reduction a variety of best management practices
(BMPs) need to be implemented in the subwatersheds identified in the AGNPS report in
Appendix A.  According to the AGNPS program, there are 56, 40-acre cells that need to
be treated for a combination of sediment and nutrient problems.  Twenty-six cells (1040
acres) need to implement a no-tillage practice and 30 cells (1200 acres) need to be

converted over to minimum tillage.  These cells either have rates of erosion greater than
9.0 tons per acre, or they contribute 10 lbs of sediment-based nitrogen per acre and 5 lbs
of sediment-based phosphorus per acre to the overall loadings from the watershed.  BMP
installation (minimum tillage, no till, and animal waste management systems) on these
areas identified in the AGNPS report in Appendix A will create the largest possible
reduction in phosphorus loadings to Clear Lake (Table 15).

Storm Sewers and Lawn Fertilization

The 20% reduction does not take into consideration any further reductions due to BMP
implementation for lawn fertilization and the storm sewers in Clear Lake.  The storm
sewers drain a significant portion of the city of Clear Lake.  As identified in the report,
high concentrations of nutrients and sediment are delivered from the streets of Clear
Lake.  As the storm sewers are periodically upgraded, the possibility of installing
sediment traps and sediment retention basins should be explored.

Table 15.  Agricultural Nonpoint Source Computer Model Reduction Response Results.
Percent Reduction in nutrients if:

Nutrient Total
AGNPS
Loadings

AGNPS Cells with
Erosion > 9.0
tons/acre,10 lbs of
Nitrogen/acre, 5lbs of
phosphorus/acre are
treated

10 feeding
areas rated >
60 undergo
BMP
installation

Total
Reduction

Nitrogen (tons) 77.0 10.9% 10.7% 21.6%Clear
Lake Phosphorus (tons) 18.8 10.6% 9.6% 20.2%
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Contributions of phosphorus from the storm sewers via lawn fertilization can be reduced
through the use of natural buffers or filter strips or the use of no-phosphate fertilizers,
especially on lawns with high slopes located in the subwatershed of Site CLT-5.  There
are no-P fertilizers available such as CENEX/Land O’Lakes “Clear Lake” fertilizer
which is phosphate-free (26-0-7 = N-P-K).  A second source of no-P fertilizer is Organic
N soybean-based fertilizer (6-0-6) from Renaissance Fertilizers, Edina, Minnesota.
Another option is using straight ammonium nitrate fertilizer.  These recommendations are
for information only and do not imply endorsement by SDDENR.

Those fertilizer recommendations also apply to golf courses.  The golf course located
streamside in subwatershed Site CLT-5 should reconsider its management practices of
fertilization and irrigation.  Although no data was collected on the golf course
specifically, in general, golf courses use large amounts of fertilizer and a great deal of
water to maintain good conditions.

Onsite Wastewater Septic Systems

If cabins or permanent homes develop around Clear Lake it is important that modern
individual septic and holding tanks should be installed around Clear Lake.  Some type of
modernized nutrient abatement procedure will need to be implemented so these areas do
not contribute nutrients to the Clear Lake ecosystem.

Dredging

A final option and an opportunity for further inlake phosphorus reductions for Clear Lake
is dredging.  The contribution of internal phosphorus loading to the nutrient budget of
Clear Lake was not calculated.  Clear Lake continually receives phosphorus from the
northwestern tributary which settles to the bottom, depending upon if it is in the
particulate form.  The shallow nature of Clear Lake allows this phosphorus to be reused
through the resuspension of sediment and uptake by aquatic macrophytes and algae
which can be a severe problem in Clear Lake.  All of these inlake problems (aquatic
macrophytes, blue-green algae blooms, internal loading, and lack of depth) can be solved
through dredging.  However, this restoration alternative is extremely expensive.  The
sediment survey indicated that there is 2.48 million cubic yards of sediment contained in
the Clear Lake basin.   This represents an average sediment depth of 2.9 feet over the
entire 532 surface acres of the lake.

The north bay near where the northwestern tributary enters the lake contains the deepest
and largest area of sediment.  To remove all 2.48 million cubic yards is not economically
feasible.  Partial lake dredging will provide an affordable option that will still provide
benefits to the lake and its users.  The removal of 750,000 cubic yards of sediment would
increase the depth of the lake by four feet over 116 surface area acres.  Although this will
increase average depth, aquatic plants can still develop in a depth of eight feet or more
due to the anticipated improvement in water clarity.  In addition, through the use of
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dredging, certain patterns can be created in the sediment to increase the fisheries habitat
within the lake.

With the nutrient reductions from the watershed and dredging, over time there may be a
reduction in the aquatic macrophyte problem.  As less and less nutrients become available
the growth of aquatic plants and blue-green algae blooms will begin to be limited.
However, this would be the optimum situation and, more than likely the aquatic
macrophytes will continue to be a problem.  To reduce the impact of the aquatic
macrophytes the users of the lake may choose to explore the possibility of an aquatic
plant harvesting program.  The removal of the plants will also help in the reduction of
inlake phosphorus concentrations.
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