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LAKE IDENTIFICATION AND LOCATION
Lake Name: Lake Poinsett
State: South Dakota
County: Hamlin and Brookings
Size: 3,184.1 ha (7,868 acres)
Nearest Municipality: Estelline, South Dakota
Latitude: North 44° 33' 47"
Longitude: West 97° 04' 46"
EPA Region: 8
EPA Major Basin: Missouri River Code: 09
EPA Minor Basin: Big Sioux River Code: 07
Major Tributary: Big Sioux River
Receiving Wat.er Body: Big Sioux River
Water Quality Standards:
Designated Uses
1) Warm Water Semipermanent Fish Life Propagation
2) Immersion Recreation
3) Limited Contact Recreation
4) Wildlife Propagation and Stock Watering

Criteria of Parameters for Lake Poinsett's Designated Uses

1)  Total chlorine residual must be less than 0.02 mg/I'.

2)  Un-ionized ammonia nitrogen may not exceed 0.04 mg/l (as N).



3) Dissolved Oxygen must be greater than 5.0 mg/l'.

4)  pH must be greater than 6.5 units and less than 9.0".

5)  Suspended Solids may not exceed 90 mg/I*.

6) Temperature may not exceed 90° F'.

7)  Fecal Colifrom organisms from May 1 to September 30 may not exceed a
concentration of 200 per 100 milliliters as a geometric mean based on a
minimum of 5 samples obtained during separate 24-hour periods for any 30-day
period, and they may not exceed this value in more than 20 percent of the
samples examined in this 30-day period. They may not exceed 400 per 100
milliliters in any one sample from May 1 to September 30.

8)  Total alkalinity may not exceed 750 mg/l (as calcium carbonate).?

9)  Total dissolved solids may not exceed 2500 mg/1.2

10)  Conductivity may not exceed 4000 micromhos/cm at 25°C.2

11)  Nitrates may not exceed 50 mg/l (as N).2

Variations allowed in parameters found in samples:

1

The applicable criterion is to be maintained at all times, without exception.

The applicable criterion is to be maintained at all times based on the results of a 24-
hour representative composited sample. The numerical value of a parameter found in
any one grab sample collected during any 24-hour period may not exceed 1.75 times the
applicable criterion.
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EXECUTIVE SUMMARY

LAKE POINSETT PHASE I DIAGNOSTIC/FEASIBILITY STUDY

Lake Poinsett is a 7,868 acre lake originating from glacial activity. It is one of the largest natural
lakes in South Dakota with a contributing watershed of approximately 720,382 acres (291,539 ha).
This includes approximately 470,000 acres of the Big Sioux River Basin via the Boswell Diversion
which was constructed in 1929 (DWNR, 1985). The Boswell Diversion was constructed so that Dry
Lake and Lake Poinsett could be used for off-stream storage of river floodwater. In addition to the
construction of the Boswell Diversion, an outlet for Lake Poinsett was constructed in 1989 to prevent
backflow from the Big Sioux River during flooding events. Lake Poinsett is a highly developed lake
used for both recreational and commercial purposes. Approximately 622 cabins and businesses are
located around the lake.

The excessive algal blooms observed on Lake Poinsett have consistently hampered recreation during
the higher use periods of the year. These algal blooms are caused by excessive nutrients delivered
annually from several sources within the watershed. Most of the investigatory work on Lake Poinsett
has indicated a hypereutrophic system. Skille (1971) reported that the nutrient levels in Lake Poinsett
had reached a state of super saturation.

In May of 1993, the South Dakota Department of Environment and Natural Resources (SD DENR)
began a Phase I Diagnostic/Feasibility Study at the request of the Lake Poinsett Water Project District
(LPWPD). The objective was to determine the extent and location of nutrient and sediment inputs
to the lake and delineate their effect on the current trophic status of Lake Poinsett. After identifying
the nutrient and sediment inputs to the lake, a series of lake and watershed management options were
to be developed to alleviate the identified problems.

Monitoring began in June of 1993 with the installation of stage recording equipment and the
collection of water samples at 6 tributary sites. In addition to these tributary sites, 3 in-lake sites were
established and water samples were collected on a bimonthly basis from May through September and
monthly from October through April. Water quality data were combined with the stage/discharge
data to determine loadings for nutrients and sediment. Watershed analysis also included the
Agricultural Nonpoint Source (AGNPS) computer model which was used to:

1) Evaluate and quantify the loadings from each subwatershed and their net loading to the
lake.

2) Define critical cells within each subwatershed containing high sediment, nitrogen,
phosphorus delivery.

3) Quantify the nutrient loadings from each feedlot and priority rank each feedlot.

Land use data for the entire watershed was also collected using data from the Agricultural
Stabilization and Conservation Service (ASCS). Water quality monitoring was terminated in



November, 1994.

Watershed analysis revealed high concentrations of nutrients (phosphorus and nitrogen), sediment,
and fecal coliform bacteria from the Big Sioux River and the monitoring station on the Lake Thisted
to Lake Albert drainage area. Loading results indicated that 73.2% and 23.9% of the phosphorus
delivered to Lake Poinsett came from the Lake Albert system and Stonebridge/Dry Lake system,
respectively. However, due to flooding events and the complex relationship between Dry Lake and
Lake Poinsett, an underestimate of phosphorus loading occurred. Of the total phosphorus delivered
to Lake Albert 68.7% and 30.0% came from Lake St. Johns and the Lake Thisted area, respectively.
The Boswell Diversion was closed during the investigation and loading estimates were not available.
Therefore, it was necessary to extrapolate Big Sioux River water quality, discharge and loading data
to the diversion had it been opened during the project. This estimate revealed that the diversion
would deliver an estimated 16 tons of phosphorus to Dry Lake, in comparison, to only 6 tons

. delivered to Lake Poinsett from Lake Albert for the same time period.

Water quality results were confirmed by the AGNPS computer model which identified critical areas
within the Thisted area. It also identified a high sediment and nutrient yielding area north of Dry
Lake. In addition to these critical areas animal waste-management systems were recommended for
5 feedlots within the watershed.

As part of the Phase I analysis, a sediment survey of the Lake Poinseii basin was conducied revealing
that a sediment removal project on Lake Poinsett would not be required. However, loading results
did indicate that Lake Poinsett is accumulating both sediment and nutrients. In-lake sampling results
were used to determine the trophic state for Lake Poinsett which fluctuated between hypereutrophic
and eutrophic during the course of the investigation. A strong relationship was indicated between
in-lake total phosphorus and chlorophyll-a concentrations. To reduce the in-lake chlorophyll-a
concentrations (blue-green algal blooms) it would be necessary to reduce the inflow of total
phosphorus concentrations. To accomplish a reduction in the inflow of total phosphorus, the
following alternatives were suggested:

Watershed Activities.

1. Installation of a Centralized Sanitary Sewer System

2. Reduce or Eliminate Nutrient and Sediment Loadings from the Big Sioux River
into Lake Poinsett through Proper Operation of the Boswell Diversion and Lake
Poinsett Outlet Gates.

Reduction of the Use of Lawn Fertilizers

Construction of Animal Waste Management Systems

Install Vegetative Buffer Strips in Identified Critical Areas

Riparian Area Management in Identified Critical Areas

Residue Management in Identified Critical Areas

Critical Area Grass Seedings.

® NN h W




INTRODUCTION




INTRODUCTION

Lake Poinsett, a 7,868 acre (3,184.1 ha) lake originating from glacial activity, is one of the largest
natural lakes in South Dakota. It has a contributing watershed of approximately 720,382 acres
(291,539 ha) which encompasses a portion of the Big Sioux River Basin (approximately 470,000
acres) (Figure 2) (DWNR, 1985). The maximum depth in Lake Poinsett is 19.5 ft. (5.9 m) and the
mean depth is 9.5 ft. (2.9 m). It has an estimated volume of 74,746 acre-feet (92 million cubic
meters). To the north of Lake Poinsett is a 1,960 acre (793.2 ha) portion of the Lake Poinsett Basin
named Dry Lake. Both lakes are part of the same lake basin, however, a dike/road separates the two
and they are connected by Stonebridge. The combined surface area of these two water bodies is
9,828.6 acres (3977.6 ha).

In 1929, the Boswell Dam was constructed to divert water from the Big Sioux River into Dry Lake
and Lake Poinsett. The purpose of the diversion is to relieve downstream flooding during periods
when the Big Sioux River reached flood stage using Dry Lake and Lake Poinsett as a reservoir for
the excess water. Although used for flood control, the diversion also became a major contributor of
nutrients and sediment to the Dry Lake-Lake Poinsett system. Prior to 1955, the diversion channel
had a maximum capacity of 500 cubic feet per second (cfs). During 1955, the channel was modified
which increased its maximum capacity to 1500 cfs. (Water Right No. 119-3A).

The natural outlet of Lake Poinsett is located in the northeast section of the lake (Figure 3) and
delivers lake water to the Big Sioux River. After flooding occurred in 1986, a control structure was
built on the outlet to prevent backflow from the Big Sioux River during flooding events. This
structure was completed in 1989. The control structure was built to an elevation 1.0 foot (1650.5
msl) below the ordinary high water mark on the outlet of Lake Poinsett (1651.5 msl).

Lake Poinsett is a highly developed lake used for recreational and commercial purposes. As of 1994
there were approximately 603 residents and 6 businesses located around the lake (Pederson, 1994).
The South Dakota Game, Fish, and Parks (SDGF&P) encourages commercial removal of rough fish
species to maintain the game fishery. The SDGF&P also maintains the four developed public access
areas around the lake.

Lake Poinsett has fluctuated dramatically between hypereutrophic (extreme productivity) to eutrophic
(excessive productivity) (Figure 1). The productivity of the lake is caused by the hydrological and
excessive nutrient input from the watershed.

Excessive nutrient input to shallow lakes such as Lake Poinsett can greatly accelerate aquatic plant
growth and increase the intensity of blue-green algal blooms. These blooms cause a higher biological
oxygen demand for the entire aquatic ecosystem and negatively impact the plant and animal life. The
product of these conditions is a state of anoxia (lack of oxygen) which can result in fish kills and
unpleasant odors due to decomposing algae. Recreational boating and swimming may be limited to
a few short weeks during the most productive period of the year (June - August) due to these



nuisance algal blooms.

Even though shallow, well-mixed lakes such as
Lake Poinsett have shorter hydraulic residence
times (amount of time required to completely
refill the lake), a tremendous amount of
phosphorus can be tied up in the sediments
and can remain in the ecosystem for an
extended period of time. The sediments can
act as a sink holding phosphorus from the
water column until anoxic conditions allow a
significant quantity to be released into the
water column. This can increase the amount
of available phosphorus to plants and
cyanobacteria (blue-green algae) such as
Aphanizomenon spp.. Most of the studies
completed on the Lake Poinsett system have
indicated a hypereutrophic system. Skille

(1971) reported an advanced degree of eutrophication that was attributed to the large annual nutrient
load. A significant portion (70%) of the phosphorus load was retained by the lake. Skille also
reported that 63% of the annual phosphorus load was contributed to the Lake Poinsett from the Big

Figure 1. Lake Poinsett Trophic State.
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Sioux-Dry Lake system through the Boswell Diversion.

The objective of the Lake Poinsett Phase I Diagnostic Feasibility study was to determine the extent
and location of nutrient and sediment inputs and delineate their affect on the current trophic status
or condition of the lake. From the data collected, a series of lake management options were

developed to alleviate the problems identified in the Phase I investigation.



STUDY SITE

DESCRIPTION
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Figure 2. Lake Poinsett Watershed delineated into 4 main subwatersheds.
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Table 2. Approximated Phosphorus Export Rates for
various land uses (P-lbs/acre/yr)

Land Iise Total Phosphomis
Forest 0.1784
Nonrow Crops 0.6244
Pasture 0.7136
Mixed Agriculture 0.9812
Row Crops 1.9624
Feedlot, manure storage 227.46
Atmospheric Input rates (P-lbs/acre/yr)
Forest 0.2319
Agricultural/Rural 0.2498
Urban industrial 0.9009

Source: Reckhow et al. 1980 in EPA Lake and Reservoir
Restoration Guidance Manual 2nd Edition, 1990
(EPA-440/4-90-006).
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GEOLOGY OF HAMLIN COUNTY AND LAKE POINSETT WATERSHED

Physiography and Topograph

Hamlin County and the watershed of Lake Poinsett are located within the Coteau des Prairies. This
division of the Central Lowland Province is a massive highland approximately 200 miles long. Itis
characterized by a glacial-moraine topography which has a "general hummocky appearance”. This
topography was formed by the action of glaciers during the Wisconsin period as they moved through
the area and melted. Hamlin County's topographical features follow a northwest to southeast trend
which parallels that of the Coteau des Prairie (Beissel and Gilbertson, 1987).

The topographical features of the immediate Lake Poinsett area ranges from a flat appearance in the
North to gently undulating knob and kettle expressions to the east and northwest. Maximum relief
is estimated at 165 feet where the variations in elevations in the Lake Poinsett area range from a
maximum of 1800 feet in the northwest to a minimum of 1635 feet southeast of the lake (Barrari,
1971).

Geology

The glacial drift deposited during the Pleistocene epoch can be divided into till and outwash. Till
typically consists of boulders, pebbies and sand mived with clay deposited by ice, whereas outwash

deposits consists of sand and gravel with small amounts of clay that were deposited by iiie streams
produced from the melting glaciers (Barrari, 1971).

The Big Sioux River and tributaries have deposited alluvium in the Lake Poinsett area which consists
of a mixture of sand, gravel, and clay. Most of the subsurface areas in the Lake Poinsett area consist
of Pierre Shale, Niobrara Marl, Carlile Shale, Greenhorn Limestone, Graneros Shale, and the Dakota
Formation of which Pierre Shale is the most extensive. The Pleistocene age deposits (unconsolidated
glacial deposits) that have an average depth of 500 feet, overlie the bedrock and consist of till,
outwash, lake sediments, and loess.

Hydrology

The drainage area, both surface and subsurface, is controlled by the Big Sioux River. The Big Sioux
aquifer and other minor surficial aquifers are connected with the Big Sioux River or other streams
and lakes within the area. They can be recharged from these lakes and streams and can discharge to
them depending on the hydrologic conditions (Kume, 1985). Kume (1985) also estimated that 8.4
million acre-feet of water is stored within the Big Sioux aquifer, the Prairie Couteau aquifer, and the
Altamont aquifer, along with several minor aquifers.

More detailed discussions of the physiography, topography, geology, and hydrology for Hamlin and
Kingsbury counties can be found in publications listed in the "literature cited" section of the report.
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Soils

The soil associations described below were taken from the 1993 South Dakota Lakes Assessment
Final Report (Stewart and Stueven, 1993). Soil associations within the 292,197 acre (118,252 ha)
watershed consist of the following:

Associations
KN-BN-VS
BY

VS-LP

LD

FS-ES
PN-BY
RL-FS

KN-BN-VS -

BY -

VS-LP -
LD -
FS-ES -
PN-BY -

RL-FS -

Area (acres) % of Total
213,304 73

20,454
20,454
14,610
14,610
5,844
2,133

el BEY JRV IEN R |

Kranzburg-Brookings-Vienna: Deep, nearly level to gently undulating silty
soils on uplands and in slight swales.

Buse: Well-drained, undulating to hilly, loamy soils.

Vienna-Lismore: Well-drained through somewhat poorly drained nearly
level to undulating, silty soils.

Lamour: Loamy to clayey soils on moderately well to poorly drained
bottom lands.

Fordville-Estelline: Loamy and silty soils with gravelly and sandy subsoils
on terraces and uplands.

Poinsett-Buse: Deep, undulating to rolling silty and loamy soils on
uplands.

Renshaw-Fordville: Loamy and sandy soils with gravelly and sandy
subsoils.

The soils within these associations described above have all been rated for septic tank absorption
fields and sewage lagoon areas. Most of these have been classified for septic tank absorption fields
as being severe (flooding, wetness, percs slowly) to being moderate (percs slowly, slope). Ratings
for use of soils with sewage lagoon areas ranged from severe (wetness, slope, flooding) to moderate
(slope, seepage to slight). The only soil type given a slight rating for sewage lagoon areas was
Vienna. For further description and location of specific soil types see the Hamlin County Soil Survey,

1992.
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Lake Poinsett Development and Tax Valuations

Lake Poinsett is well-developed lake with development still occurring. New cabins are being built
and the property values are increasing in the immediate surrounding area. Lake Poinsett has 622
cabins of various sizes with 153 cabins being served by a centralized sewer system. An estimated 6
business are also located on the lake serving the people throughout the year.

Total property tax valuations for the entire county for 1995 was $219,616,275. The property within
1000 feet of Lake Poinsett in Hamlin County was placed into agricultural and non-agricultural
property valued at $9,911 and $22,773,274, respectively. The total property within 1000 feet of
Lake Poinsett constitutes 10.4% of the total tax valuations for Hamlin County.
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METHODS AND MATERIALS

TASK 1. LAKE SAMPLING

Samples were collected on a monthly basis throughout the duration of the project at the three sites
described below and found on Figure 3. Sampling sites were located within the lake basin so as to
best characterize trends in the water quality of Lake Poinsett. These data were also used to delineate
any affects that the quality of the water from the watershed was having on the lake.

Sampling was conducted on a monthly basis from October through March except for periods of

unsafeice. During the most productive periods (April through September) sampling was conducted
on a bimonthly basis. The final in-lake sample was collected on September 26, 1994.

Site Descriptions

Site Location Storet Number
4 Lat. 44°34'57" 46P012
Long. 97° 3'47"

In-lake site located in the north central area of the lake.

5 Lat. 44°33'47" 46P013
Long. 97° 4'46"
In-lake site located in the central area of the lake.
6 Lat. 44°33'12" 46P014
Long. 97° 6'26"
In-lake site located in the south central area of the lake.

In-lake samples were collected from both surface (0.5 meters below the surface of the lake) and
bottom (0.5 meters above the sediment/water interface) using a Van Dorn sampling device. All
sample bottles were filled from the water collected in one Van Dorn sample.

The following physical, chemical, and biological parameters were measured using EPA approved
methods to determine the current condition of the lake and overall health of the Lake Poinsett

ecosystem:

Physical Chemical Biological
Air Temperature Total Alkalinity Chlorophyll-a
Water Temperature Total Solids Fecal Coliform
Secchi Depth Dissolved Oxygen Aquatic Macrophytes
Depth Field pH
Visual Observations Total Dissolved Solids

Total Suspended Solids

Ammonia

Un-ionized Ammonia
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Chemical Parameters cont.
Nitrate-Nitrite

Total Kjeldahl Nitrogen
Organic Nitrogen

Total Nitrogen

Total Phosphorus

Total Dissolved Phosphorus

Figure 3. Lake Poinsett Phase I Water Quality Monitoring Stations, 1993-94
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After collection, samples were sent to the South Dakota State Health Laboratory for analysis using
EPA approved methods. Please refer to the South Dakota Clean Lakes Program Standard Operating
Procedures manual for specific chemical extraction methodologies.

At each sampling station dissolved oxygen and temperature profiles were meausred using a Yellow
Springs dissolved oxygen meter (model 51B). Dissolved oxygen and temperature were measured at
3 foot (0.91 meters) intervals beginning with 0.5 meters below the surface and ending approximately
0.5 meters above the sediment/water interface.
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Chlorophyll-a samples were collected from the surface at each site and a minimum of 100 mis of
surface water was filtered using a glass fiber filter (1.0 um porosity, 47 mm diameter). The filter was
then folded and wrapped in cellophane and aluminum foil, labeled and stored in a freezer to be
analyzed at a later date. The chlorophyll-a pigment was extracted using the method described by Lind
(1985) and concentration was determined by a spectrophotometer (EPA Water and Wastewater,
1984). Equations used to determine biomass of chlorophyll in milligrams per cubic meter (mg/m’)
are discussed in the South Dakota Clean Lakes Standard Operating Procedures Manual. Chlorophyll-
a biomass (mg/m®) was converted to algal biomass (standing crop) by multiplying chlorophyli-a
(mg/m®) by 67 described in EPA Water and Wastewater method 1002 H (EPA Water and
Wastewater, 1984).

An aquatic plant survey was conducted for Lake Poinsett during the summer of 1994 to estimate the
coverage of aquatic macrophytes in the Lake Poinsett lake basin. This was conducted by running 58
transects perpendicular to the shoreline with approximately 0.25 miles (402.25 meters) between each
transect. The boat was positioned perpendicular to shore and was placed in reverse. A plant grapple
was thrown over each side to retrieve any aquatic macrophytes which would be used to estimate their
relative density (density rating ranged from O for nonexistent to 5 for extremely dense). The transect
length was dependent upon the extent of the littoral zone or the point where aquatic plant growth
ended. - The transects typically ended at approximately 100 meters from shore. However, if an
aquatic plant bed was identified, the end of the plant bed was used as the end point for that transect.
The area between transects was visually inspected to ensure that the extent of aquatic macrophyte
coverage was properly characterized.

Several parameters listed previously were determined using the equations listed below:

Table 3. Equations used in analysis.

Parameter Formula
Total Dissolved Solids . Total Solids - Total Suspended Solids
Organic Nitrogen : Total Kjeldahl - Ammonia Nitrogen
Total Nitrogen Total Kjeldahl Nitrogen + Nitrate-Nitrate
Nitrogen to Phosphorus Ratio Total Nitrogen + Total Phosphorus
Unionized Ammonia

o Teizedemmniay ¥ AmmoniaConcentration
~ 100

100

% Unionized Ammonia - ———-———
° ni a l'm-ﬂ’)

pKa - 0.09018 . ”’:-” T=°C+27
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The South Dakota Watershed Protection Program uses Carlsons trophic state index as a method of
classification of lakes. It is a series of equations incorporated together to form a mean trophic index
characterizing the current nature or status of a lake. Individual equations used to derive the index
are scaled from O to 100 and incorporate the following three parameters: 1) secchi depth, 2)
chlorophyll-a, and 3) total phosphorus concentrations (Table 4). The trophic state of a lake may be
classified into 4 subcategories: 1) oligotrophic, 2) mesotrophic, 3) eutrophic, and 4) hypereutrophic.
The numerical scale range of 65-100 indicates a hypereutrophic or very nutrient (phosphorus and
nitrogen) enriched lake.

Table 4. Carlsons Trophic State Index Formulas
Secchi Disk TSI - 10 X(s--":*-;'i)

B
Total Phosphorus TSI - 10 X (6 - :‘2")

Chlorophyll -a TSI - 10 X (6 - &1@2:_:&)

TASK 4. WATERSHED SAMPLING

Six sampling stations were located within the Lake Poinsett watershed (Figure 3).

Site Descriptions

Site Location Storet Number
1 Lat. 44°31'3s* 46DIV1
Long. 97° 0'22"

Control structure on the Boswell Diversion ditch to Dry Lake.

2 Lat. 44°36' 7" 46STBR2
Long. 97° 3' 45"
Located on the Stone Bridge, between Dry Lake and Lake Poinsett.

3 Lat. 44°35' 52" 460UT3
Long. 97° 2' 32"
Located on outlet channel to Big Sioux River. .

7 Lat. 44°33'37" 46INL7

Long. 97° 7' 52"
Inlet to Lake Poinsett from Lake Albert.
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8 ' Lat. 44° 33'39" 46STI8
Long. 97° 9'52"
Inlet to Lake Albert from Lake St. John.

9 Lat. 44°30' 51" 46A1LB9
Long. 97°30'51"
Inlet to Lake Albert from Lake Thisted.

Parameters measured to determine the water quality and overall loadings of nutrients and sediment
delivered to Lake Poinsett were the following:

Physical Chemical Biological
Air Temperature Total Alkalinity Fecal Coliform
Water Temperature Total Solids
Discharge Dissolved Oxygen
Depth Field pH
Visual Observations Total Dissolved Solids

Total Suspended Solids

Ammonia

Un-ionized Ammonia

Nitrate-Nitrite

Total Kjeldahl Nitrogen

Organic Nitrogen

Total Nitrogen

Total Phosphorus

Total Dissolved Phosphorus

To determine the water quality in addition to the hydrologic, nutrient, and sediment loadings to Lake
Poinsett, it was necessary to monitor the Lake Thisted, Lake St. Johns, and Lake Albert
subwatersheds during the project period. Sampling was conducted preferably during high flows
(storm events) to gather as much information as possible to determine nutrient and sediment loading
trends from each subwatershed. All sites were sampled twice during the first week of snowmelt and
once a week thereafter until runoff stopped. However, water sampling frequency for gaging stations
was primarily flow based and dependent upon prevailing weather conditions. Due to 1993 flooding
conditions the overall flow was relatively constant for S of the sampling stations (Sites 2,3,7,8, and
9). These stations were sampled approximately every 3-4 weeks depending on the level of stage and
discharge. Each sample was a grab sample and was usually collected with a Van Dorn sampler
depending upon the depth of channel. The depth at Station 9 (Thisted inlet into Lake Albert) did not
allow the use of a Van Dom and therefore a simple grab sample was obtained from the middle of the
channel. In addition to the samples collected from the tributary sites there were several discretionary
samples taken from different sites within the watershed. The results of these discretionary samples
will be discussed in subsequent sections.
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Gaging stations were placed at each of the watershed sites described above and Omnidata Datapod
Il data loggers were used to collect stage data from June to November, 1993 and April to November,
1994. Data was downloaded approximately every 2-4 weeks to reduce the chance of data loss.
Discharge measurements were collected with a Marsh-McBimey 201 digital current velocity meter
at 60% of the channel depth. Discreet discharge (ft*/sec) measurements were determined by the
product of the depth (ft), width(f), and current velocity (feet/sec) of the channel. In addition to
baseline discharge data, several measurements during extreme runoff events were collected to
accurately describe the hydrologic conditions. A rating curve (equation) through regression analysis
was produced to estimate the average daily discharge from each of the tributary monitoring sites
using these discreet measurements. R-square values, and regression equations produced from actual
field measurements for each gaging station can be found in the Appendix I.

After discharge was calculated for each monitoring station, the concentrations for all chemical
parameters, including the nutrients (phosphorus and nitrogen) and sediment (total suspended solids),
were averaged between successive sampling periods for an estimate of daily concentration levels
(mg/l). The daily discharge (liters/day) was then multiplied by the daily concentration to produce a
daily loading (Kg/day) for each monitoring station. Further discussion for this method can be found
in the South Dakota Clean Lakes Standard Operating Procedures Manual.

Agricultural Nonpoint Source Computer Model (AGNPS)

Due to the large size of the Lake Poinsett watershed, the associated amount of data that needed to
be collected, the limitations of the computer model, and the time constraints it became necessary to
limit the area of the watershed to be analyzed with the AGNPS program. Water quality data became
the factor used to determine the areas to be analyzed by the AGNPS program. After analyzing water
quality data collected in 1993 it was decided that the AGNPS computer model would be used to
characterize the immediate Lake Poinsett and Lake Albert subwatersheds. These two subwatersheds
had to be analyzed separately due to their large size (approximately total land surface area = 100,000
acres). Time constraints and the other reasons given above did not allow the Lake St. John, Lake
Mary, Lake Norden, and Lake Marsh subwatersheds to be analyzed using this computer model.

The AGNPS final report for the Lake Poinsett watershed was printed as a separate document. An
excerpt from this document containing sediment, phosphorus, and nitrogen yields from several
subwatersheds, in addition to feedlot information, is discussed in subsequent sections of this
document. Locations of critical areas identified within the watersheds described in this excerpt can
be identified using maps provided in the AGNPS final report in Appendix II.
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WATERSHED SAMPLING, TRENDS, AND LOADINGS

WATER QUALITY and LOADING DATA

Sampling sites, protocols, and calculations of loadings were described previously in the methods and
materials sections. Figure 3 (page 16) shows the locations of the sampling stations used in this
investigation.

Nutrient loadings are a product of the nutrient concentration (mg/l) and the average daily discharge
(cubsic feet per day). Daily concentrations were calculated by averaging between two successive
sampling dates. Daily loadings were then summed to provide a total loading from each tributary
(Kg/year and lbs/year) for each of the parameters.

The annual loading for Lake Poinsett was calculated for 1993-94 to provide an overall estimate of
the accumulation of nutrients in the lake. Loadings from each of the 6 monitoring stations were
compared to determine which subwatersheds (Figure 2) provided more nutrients and sediment. In
addition to these 6 stations, daily and annual loadings were calculated for the Big Sioux River. The
United States Geological Survey gaging station located on the Big Sioux River at Castlewood, SD,
approximately 8 miles upstream from the Boswell Diversion inlet on the river, provided the discharge
data that was used for the average daily discharge. Daily concentrations were developed using the
data collected from the 106 Fixed Ambient Monitoring Program monitoring stations at Watertown
and Brookings. This program is funded through section 106 of the Clean Water Act and is used by
the Department of Environment and Natural

Resources (DENR) to document historical : o .
information, natural background conditions, E:fnsmﬁgcplzgz (v:&ir:hﬁlgwd to the tributaries
possible runoff events, and acute or chronic water

quality problems. The average between two Parameter Criteria (Standard)

successive sampling dates was used for the average
daily concentration for both 106 stations. Loadings
were calculated for each of the monitoring stations ~ Total Dissolved Solids $2500 mg/1®

Total Alkalinity >750 mg/1®

for comparison purposes. A Conductivity <2500micromhos/ om @
. 25°c@

Beneficial Uses . o

Al surface waters within the state of South Dakota Nt <50 mg/!

have been assigned one or more of the beneficial pH 26.0 t0<9.5units®

uses discussed in the Surface Water Quality

Sodium absorption slo:1@

Standards, Article 74:03, Administrative Rules of
South Dakota. The tributaries discussed in this @ = with a variation allowed under subdivision
repori have had the following beneficial uses ~ 74:03:0232Q2)

assigned to them: (9) Wildlife Propagation and

Stock Water; and (10) Irrigation Waters. Each of

these beneficial uses are subject to the criteria

presented in Table 5.
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Surface Hydrolo

Discharge calculations for each of the g e 4 Total Discharge for all sites including

tributaries  are shown in comparison to the the Big Sioux River for Lake Poinsett, 1993-94
Big Sioux River (Figure 4). The Lake Albert g - -

drainage provided 74% of the water delivered Total Discharge fo Six Sites within the Lake
to Lake Poinsett from the watershed. oty Watershed and the Big Sioux River,

Discharge is a very important component to the
behavior of nutrient and sediment loadings to
the lake. During storm events, a certain
chemical parameter can initially increase in
concentration followed by a gradual dilution as
the discharge for a specific tributary increases.
The water discharge from the Big Sioux River
is considerably larger than the other tributaries
that were examined. Figure 5 indicates the
monthly discharge rates in acre-feet for each of
the monitoring stations. Each sampling station
exhibited an increase in discharge during the months of July and August in 1993. Increases in
discharge also occurred during the spring of 1994 during the annual spring runoff. This was also
exhibited by the Big Sioux River (Figure 5). The Bosweil Diversion was not opened during the
course of the investigation and therefore provided minimal hydrologic loadings to the Dry Lake -
Lake Poinsett System. A minimal amount of water (seepage) was discharged around the gates during
the 1993 flood in the months of June and July. Other than this, the instantaneous velocity readings
measured weekly and sometimes daily, indicated no discharge from the station.

The relationship between Dry Lake and Lake Poinsett was very difficult to characterize due to the
unusually high water levels. An estimated 33,340.1 acre-feet was discharged from Dry Lake to Lake
Poinsett. As levels in Dry Lake increased so did Lake Poinsett levels. Regression analysis between
the two stages revealed an r-square value of 0.93, where a value of 1 would have indicated a perfect
relationship between the two. However, with the increased water levels a constant backflow was
occurring from Lake Poinsett into Dry Lake resulting in a reduction in the discharge estimate between
Dry Lake into Poinsett. As a result of this relationship, a reduced discharge between Dry Lake and
Lake Poinsett probably occurred. However, with the loading estimates gained from concentrations
and discharge rates from Stonebridge and the other sites it is still apparent where possible restoration
activities should take place.

Total Phosphorus
Phosphorus is a key nutrient required for plant and algal growth. Total Phosphorus (TP) is a measure

of all the chemical states or species of phosphorus present in a water sample. There are two basic
types or categories of phosphorus which constitute the TP present in the environment. Particulate
phosphorus is that phosphorus which is sorbed or bound to soil particles and is unavailable for uptake
by plants. The second type of phosphorus is that which is dissolved and very reactive in the
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Figure 5. 1993-94 Monthly discharges from 6 sites within the Lake Poinsett Watershed and the Big

Sioux River.
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Figure 5 cont. 1993-94 Monthly discharges for Lake Poinsett.
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environment. The second type, termed total dissolved Tqbic 6. Total phosphorus concentrations (mg/) for 8
monitoring stations in the Lake Poinsett Watershed
1

phosphorus, is immediately available for uptake by plants
and algae (bioavailable).

TP concentrations ranged from a minimum of 0.03 mg/l
sampled from the outlet (site 3) on May 25, 1994, to a
maximum of 0.91 mg/l sampled from Big Sioux River at
the Watertown water quality monitoring (WQM) station
on February 14, 1994 (Table 6). The highest TP
concentration observed from sites 1-3 and 7-9 was 0.724
mg/l. This sample was collected from Thisted (site 9) on
June 14, 1993 (Table 6). Thisteds (site 9) minimum TP
concentration, collected on May 2, 1994, was 0.223 mg/l.
All other minimum TP concentrations from the remaining
sites, including the WQM stations at Brookings and
Watertown, were at a much lower level than the 0.223
mg/l observed from Thisted (site 9). The Thisted station
(site 9) also exhibited the highest mean concentration for
TP followed by the two WQM stations located on the Big
Sioux River (Table 6). The Boswell station (site 1) was
also important and was quite similar to the Big Sioux
River. The samples taken from each of the sites were
usually sampled on the same day. The WQM stations on
the Big Sioux River are sampled monthly through the
EPA Section 106 Fixed Station Ambient Monitoring
program.

993-94.

. . =+ SD
Location (Slte) n (mge in pmthesis)
Boswell (1) 16 0212 +0.0593

(0.13t0 0.313)
Stonebridge (2) 16 0.165 +£0.092
(0.05 t0 0.362)
Outlet (3) 16 0.100 £ 0.0526
(0.03 t0 0.223)
Albert (7) 16 0.177 £0.0501
(0.08 10 0.270)
St.Johns (8) 16 0.204 +0.0899
(0.057 t0 0.405)
Thisted (9) 16 0472 +0.1524
(0223 10 0.724)
Brookings® 14 0.251+£0.13
(0.10 t0 0.590)
Watertown” 14 0.282+0.19
: (0.12t0 0.91)

Seasonal trends for TP concentration values were exhibited at each site including the two monitoring

Figure 6. Total phosphorus concentrations for the Lake

Poinsett system through Stonebridge and in-lake Site 4, Figure 7. Total phosphorus concentrations for the Lake
1993-94.. ) Albert system with Poinsett In-Lake Site 6, 1993-94.

Total Phosphorus Concentrations (mgf)
for Sites 1,2, 3, and 4.

T Ra S O A My o iy A 6
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Total Phosphosus Concentrations (mg/l)
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stations on the Big Sioux River. A gradual increase in concentrations occurred during the late spring
and summer months (Figure 6 and 7). Thisteds (9) two largest concentrations occurred on June 14,
1993 (0.724 mg/l) and May 25, 1994 (0.693 mg/l). These high TP values were accompanied by high
concentrations of total suspended solids, fecal coliforms and nitrates. Following the trend towards
increased monthly concentrations in the summer, a decline then occurred (Figure 6 and 7). Most of
the variability in the concentrations occurred from the stations which exhibited the highest mean
values i.e. Thisted (site 9) (Table 6).

Stonebridge was typically lower in concentration than Boswell during most of the project. However,
during the summer of 1993 there was a peak in concentration levels to 0.312 mg/l at Boswell.
Approximately 45 days later Stonebridge exhibited a very similar peak suggesting that this
phosphorus was working through the system.

. The monitoring station at the outlet of Lake St.John (Site 8) and the outlet of Lake Albert (Site 7)
were very similar in seasonal trends as well. Lake Poinsett Site 6 also followed the same general
trend indicating a possible influence from the outlet of Lake Albert, Site 7, (Figure 7). As discussed
previously, Lake Thisted (site 9) was considerably higher throughout most of the project period.

Total Phosphorus Loadings

Total phosphorus ioadings for €ach of the sites, including Table 7. Total phosphorus loadings (kilograms)
the Big Sioux River, were calculated using the from 6 sites within the Lake Poinseii Waiershcd and
concentration data described previously. Total phosphorus the Big Sioux River 1993-94.

loadings were summed for the entire project period for
each site (Table 7). As mentioned previously, the Boswell
Diversion was closed during the project so the minimal
amount of phosphorus loading that did occur was due to
some seepage from around the diversion gates. As a
result of the closed gates, the largest contributor of 2

phosphorus to Lake Poinsett was Lake Albert. Lake 3

Albert provided an estimated 24 tons of total phosphorus

to Lake Poinsett. In comparison, Site 2 (Stonebridge) 7 22336.8 (24.63)
dglivered only an estimated 8 tons to the lake. Included 8 22179.0 (24.45)
with the calculated loadings for each monitoring station is

1 153.2 (0.17)

7277.9 (8.02)
17620.8 (19.43)

an estimate of the phosphorus loadings that occurred on 9 9676.9 (10.67)
the Big Sioux River. These stations, which are presented B.SIOUX-WTN" 78659.2 (86.72)
here for comparison purposes only, are used to collect .

ambient water quality data on the Big Sioux River. The B.SIOUX-BRKGS 75070.5 (82.76)

Big Sioux River transported almost three times more - v‘t’)‘.m"h}”“ .a“d.B’?k”.’gs 106 Fixed
phosphorus than Lake Albert (site 7) delivered to Lake Ambient Monitoring Stations.

Poinsett (Table 7). Note that none of this phosphorus

load was actually delivered to Lake Poinsett due to the

diversion gates being closed. The station that provided the largest amount of phosphorus per unit of
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Figure 8. Monthly total phosphorus loadings from 6 sites within the Lake Poinsett Watershed and 2 106 Water

Quality Monitoring Stations (Watertown and Brookings) on the Big Sioux River.
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Figure 8 cont. Monthly total phosphorus loadings.

(Kilograms) Lake Thisted

(Kilograms) Big Sioux (Brookings)

(Kliograms) Lake St Johns

(Kilograme) Big Sioux (Watertown)
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drainage area was Lake Thisted as was indicated by the Agricultural Nonpoint Source (AGNPS)
computer model. AGNPS results will be discussed in later sections.

In 1993, the highest total phosphorus load delivered to Lake Albert from St. Johns (site 8) and
Thisted (site 9) occurred during the months of July and August when most of the 1993 flooding took
place. St. Johns (site 9) delivered 27.5% of its total hydrologic load and 34.2% of its total
phosphorus load to Lake Albert in this two month period. Thisted (site 9) delivered 49.7% of its total
hydrologic load and 51.8% of the total phosphorus load during this period as well.

These significant hydrologic and phosphorus loadings were due to: 1) the large amount of water
discharged in July and August of 1993; and 2) high concentrations of TP. During July and August
of 1993, concentrations of 0.259 mg/l and 0.345 mg/l were observed for St. Johns (site 8) and 0.551
mg/l and 0.561 mg/l were observed for Thisted (site 9). Lake Albert (site 7) also delivered 15.7%
of its total phosphorus load to Poinsett during August of 1993. This was the largest monthly load
delivered from site 7 during the entire project period (1993-94).

During 1994, the largest monthly load for Thisted (site 9) and St. Johns
(site 8) occurred in June (5.9%) and July (8.1%), respectively, primarily rapie 8, Mean total dissolved
due to higher phosphorus concentrations. Lake Albert transported its phosphorus concentrations for 6
largest monthly phosphorus load for 1994 in April (10.2%). This can be f;;;;‘::i‘;‘h" Lake Poinsett
attributed to the larger discharge rates during the month of April i.e. '
annual spring runoff. (Refer to Figure 9. Lake Chain Diagram for the

Lake Poinsett system.)

Total Dissolved Phosphorus 1 ?603123 fog'g;;)
This phosphorus fraction includes soluble (dissolved) phosphorus or ' '
those species which are immediately available for uptake by plants 2 060(?2 *0.060
(bioavailable). The mean total dissolved for Thisted (9) was larger than (00301 0.243)
the other six sites (Table 8). The monitoring stations within the Lake 3 0.045 +0.034
Albert subwatershed (sites 7, 8, and 9) exhibited higher mean (0.013100.133)
concentrations when compared to stations 1, 2, and 3. Wetzel (1983) 7 0.095 + 0.043
has suggested that the minimum amount of total phosphorus required to (0.040100.163)
initiate a nuisance algal bloom is approximately 0.02 mg/l. Although 8 0.126  0.077
there are many variables involved in blue-green algal blooms such as the (0.033 t00.295)
concentration of phosphorus, temperature, turbidity, and light; the 9 0277 +0.093
necessary amount of phosphorus is available for a blue-green algal (0.120 10 0.459)
bloom. The 1993-94 mean dissolved phosphorus concentrations from w0141 + 0.0s8
each tributary site, including the outlet (site 3), were well above the (0.047 10 0.232)
estimated 0.02 mg/l requirement for certain algal species (Table 8). The . . .0, 00
106 Fixed Ambient Monitoring Plan does not include total dissolved (0.030 10 0.290)

phosphorus so information was not available for this parameter from the

- . . *= Orthophosphorus
Big Sioux River. Orthophosphorus values were used instead (Table 8).
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Particulate/Dissolved Phosphorus
The percentage of the particulate and dissolved fractions of total Tapje 9. Total dissolved and

phosphorus can aid in identifying which subwatersheds are exporting particulate phosphorus

the larger amounts of bioavailable phosphorus. A higher percentage percentages of total phosphorus
of dissolved phosphorus may indicate which area of the watershed is for all tributary sites.
providing more bioavailable phosphorus either through fertilizers,
animal waste material, or by other means. St. Johns (site 8) and
Thisted (site 9) exhibited the highest percentages of the total 1 358 64.2
dissolved fraction (Table 9). Although a slightly higher dissolved

phosphorus fraction was observed at St. Johns (site 8), the fecal 2 418 522
coliform mean for this site was only 34 colonies/100ml (Table 11). 3 446 55.4
In comparison, Thisted (site 9) exhibited slightly less dissolved 7 542 458
phosphorus (Table 9) but had the highest fecal coliform mean (759 ) ’

. colonies/100ml). The larger fraction of dissolved phosphorus may 8 60.8 39.2
primarily be due to the animal waste material which is indicated by the 9 596 404

larger fecal coliform counts. However, the St. Johns site may be
receiving decaying plant (algae) and animal material from the lake =~ BRKS® 463 53.7
which resulted in the higher dissolved phosphorus fraction. WIN® 554 446

* - Orthophosph
Total Dissolved Phosphorus Loadings ophosphorus

Methods used to derive loadings for each parameter
were described previously. Loadings for each site Taple 10. Total dissolved phosphorus loadings
were summed for the entire project period and are (kilograms) from 6 sites within the Lake Poinsett
presented in Table 10. The Boswell diversion (site 1) Watershed and the Big Sioux River 1993-94.
was closed during the project resulting in minimal
loadings and the Brookings (BRKS) and Watertown
(WTN) monitoring stations on the Big Sioux River
are, again, presented here for comparison purposes
only.

1 80.3 (0.09)

, 2 3600.5 (4.0)
St. Johns (site 8) exhibited the highest loadings for
total dissolved phosphorus (Table 10). In contrast, 3 8304.902)
Lake Albert (site 7) discharged a higher total 7 12555.9 (13.8)
phosphorus load as was previously discussed (Table 8 14586.9 (16.1)
X). This difference can be attributed to the higher T
dissolved phosphorus concentrations (mg/1) observed 9 5841.8 (6.4)
frorr.l St. thns (site 8) as was .explamed in B.SIOUX-WTN' 440282 (48.5)
Particulate/Dissolved Phosphorus section.

B.SIOUX-BRKGS® 39236.8 (43.3)
All other trends in dissolved phosphorus loadings are ™~ Watertown and Brookings 106 Fixed
the same as those described in the Total Phosphorus ~ Ambient Monitoring Stations.
Loading section. For example, the highest 1993 ~ Orthophosphorus loadings.
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monthly total phosphorus loading for Lake Albert (site 7) occurred during August. In 1993, Lake
Albert's (site 7) highest monthly loading for total dissolved phosphorus also occurred in the month
of August. Dissolved phosphorus loading trends exhibited by St. Johns (site 8) and Thisted (site 9)
were similar to their total phosphorus loadings as well.

The amount of dissolved phosphorus entering . )

Lake Poinsett via Lake Albert (site 7) totaled g:ﬂéﬁfmmﬁgo& ;gnmc:ennu&‘:gs;n;dg’?gﬁ’;_
12,555.9 kilograms (13.8 tons). This large 94

amount of bioavailable phosphorus entering the
Lake Poinsett system is an integral part of the
blue-green algal problem. Attempts should be

made to curtail this particular parameter through -
remedial measures on the St. Johns (site 8) and Boswell (1) 16 (16?735; gjg
Thisted (site 9) subwatersheds.

Stonebridge (2) 16 2.015+0.574
Nitrogen (1.26t03.33)
Total Nitrogen (inorganic + organic) is  Outlet (3) 16 18850610
comprised of several chemical species of which (1.13103.12)
nitrates apd ammonia (NO; and NH;) are the ., . ) 16 25180647
most available for uptake by algae and plants. (1.59 10 3.67)
These inorganic constituents of total nitrogen

St. Johns (8) 16 1.970 £ 0.569

can also be an indicator of some types of
pollution (animal and human waste and
fertilizers). Total nitrogen ranged from 0.74  Thisted (9) 16 2.497+0617

mg/l (site 1) to maximum of 3.78 (site 9) (1.65t03.78)
observed on October 26, 1993. The highest

mean concentration of 2.518 mg/l was observed

from the Lake Albert Outlet (site 7) followed by Thisted (site 9) at 2.497 mg/l (Table 11). These
two stations also exhibited the largest amount of variability in their respective sample standard
deviations (measure of the dispersion of data) (Table 11).

(1.11 ©03.15)

Figures 10 and 11 indicate similar trends for both subwatersheds although concentrations from the
Albert subwatershed are slightly larger (Table 11). In general, 1993 total nitrogen concentrations
were more variable between sites. This can be attributed to the 1993 flooding events and the varying
quantities of water discharged from each subwatershed. A clear trend is evident in 1994 where total
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Figure 10. Total Nitrogen Concentrations for the Lake Figure 11. Total Nitrogen concentrations for the Lake

Poinsett monitoring stations including in-lake site 4 for Albert subwatershed monitoring stations including Poinsett
1993-94. in-lake site 6 1993-94.
Total Nitrogen Concentrations for Total Nitrogen Concentrations for
Site 1.2,3,and 4. Site 6,7, 8,and 9.
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concentrations increased as the summer progressed. Large concentrations were observed
in August and September for all of the sites. This is due to the increased presence of organic nitrogen.
More plant matter (algae) became present as the spring months (April and May) moved into the
summer months.

With the exception of the Big Sioux River, mean concentrations for each of the components of total
nitrogen were higher at locations within the Lake Albert subwatershed (sites 7,8, and 9) than found
at Boswell Diversion (site 1), Stonebridge (site 2), and the outlet (site 3) (Table 12).

Nitrates + Nitrite (NO,,,”) which is predominantly found in the nitrate (NO;’) form, can be used as
an indicator of fertilizers (agricultural and lawn), feedlots, and wastewater inputs within a watershed.
Ambient monitoring of the Big Sioux River exhibited high levels of nitrates, which were higher at the
Brookings station in comparison to the Watertown station. These mean nitrate concentrations of
0.750 mg/l (Brks) and 0.643 mg/l (WTN) were much higher than any of the other six tributary sites
monitored during the project (Table 12). Between the six tributary sites in the Poinsett watershed,
the Thisted station (site 9) exhibited the largest mean (0.238 mg/l). Boswell Diversion (site 1) had
a large mean as well (0.188 mg/l) but was not excessive in comparison to the sites previously
discussed. The lowest observed mean concentration was from the outlet (Site 3) at 0.106 mg/l, which
is largely influenced by the concentration levels within Lake Poinsett.
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Ammonia (NH,") is a byproduct of the decomposition of organic matter. Excessive inputs of organic

te material would result in _
matter or was Table 12. Mean concentrations for 4 nitrogen parameters for 8

excessive levels of ammonia apd Potentlally tl?e monitoring stations in the Lake Poinsett watershed including the Big
release of the more toxic unionized ammonia gjqux River. 1993-94.

(NH,OH). Unionized ammonia can be toxic to
fish and other organisms, depending on its
concentration. The concentration of unionized =
ammonia is dependent upon the pH and ! 0.020 0.00054  0.188 1.156
temperature of the water. Usually in well , 0078 001158 0119 1.9
oxygenated waters ammonia is not a problem
unless organic inputs are excessive. 3 0.042 00069  0.106 1779
Concentration values for ammonia ranged from 4 0.153 000571 0119 2399
8
9

a minimum of 0.02 mg/l found at all sites
(detection limits) to a maximum of 0.860 mg/l
sampled from the Watertown Station (January
10,1994). The highest concentration observed
from the six tributary sites in the Lake Poinsett BRKS  0.058 0.00079 0750  NA
watershed was 0.660 mg/l sampled from station WTN  0.245 0.00291 0.643 NA

8 (St. Johns) on September 13, 1994. Mean NA = parameter was not monitored during current period with 106
values ranged from a minimum value of 0.020 program. :
exhibited by site i {Boswell} to 0.245 mg/l

collected from the Watertown sampling station (Table 12). Thisted (siie 5) at 0.125 mg/l and Lake
Albert's outlet (site 7) at 0.153 mg/] exhibited the highest mean concentration of the sites within
Poinsett's immediate watershed (sites 1-3 and 7-9).

0.09% 0.01063 0.113 1.858
0.125 0.00308 0.238 2.259

Maximum concentration values for unionized-ammonia ranged from 0.003 mg/1 (site 1) to 0.059 mg/l
at Site 3 (outlet). This maximum value of unionized ammonia collected on August 24, 1993,
occurred with the maximum temperature (24°C) and maximum pH (9.3 su) from this same site. The
Lake St. Johns outlet (Site 8) also exhibited a large concentration of 0.057 mg/l, which occurred in
conjunction with the maximum pH of 8.9 and a temperature of 16°C.

Total Kjeldahl Nitrogen is an analysis technique which measures the amount of ammonia nitrogen
plus the organic nitrogen compounds. This can be used as another indicator of excessive organic
inputs. Total Kjeldah! nitrogen can also be used for quality assurance and quality control by
comparing the amount of Kjeldah! nitrogen to ammonia. Ammonia levels should not exceed total

Kjeldahl (TKN).

The highest mean concentration of TKN of 2.399 mg/l was recorded from Site 7 (Lake Albert's
Outlet) where the highest ammonia (Table 12) and total nitrogen means (Table 12) were also
recorded. These concentrations can be attributed to the organic input from the marsh area located
at the Lake Albert outlet. The process of decomposition in which ammonia is an end-product and
the decaying plant matter (marsh plants), which contain chemical forms of organic nitrogen, are the
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Figure 12. 1993-94 Monthly total nitrogen loadings for 6 sites within the Lake Poinsett Watershed
and monthly nitrate loadings for two 106 Water Quality Monitoring Stations (Watertown and

‘\

Brookings) on the Big Sioux River.
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Figure 12 cont. 1993-94 Monthly total nitrogen loadings.

(Kilograms) Lake St Johns

{Kilograms) Lake Thisted
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primary cause of the increased concentrations from site 7. High concentrations were also observed
from Thisted (site 9) (Table 12). However, these concentrations can be attributed to the organic
inputs associated with livestock. High fecal coliform counts, which are used as an indicator of
organic waste inputs, were observed throughout the project period from Thisted (site 9) (Figure 3).
The mean fecal coliform bacteria count was much lower at Lake Albert (site 7) than the mean count
observed from Thisted (site 9) (Table 13).

Fecal Coliform bacteria are a form of bacteria found in the digestive tract of warm-blooded organisms
and is an indicator of fecal contaminants that can be used to detect organic waste inputs. Throughout
the project period, high counts occurred (# of coliform colonies/100ml) in the samples collected
from the Thisted station (Site 9). The maximum value observed from Site 9 was 3800 colonies/100
ml. During August, 1994, Site 9 was sampled and a site two miles south was also sampled. Results
indicated an increase of fecal coliforms from 900 colonies/100m! at Site 9 to 10,000 colonies/100 ml
. two miles south. Both samples exhibited high levels of phosphorus as well. There were consistently
high fecal counts from this station (Site 9) which were accompanied with high concentrations of
total suspended solids, total phosphorus and periodic spikes of ammonia (NH,") (Appendix I). The
mean count for fecal coliform bacteria of 759 colonies/100ml was much higher than any other mean
recorded from the 8 other monitoring stations (Table 13). The 106 Fixed Ambient Water Quality
Monitoring Station on the Big Sioux River in Watertown exhibited the next highest mean count of
442 colonies/100ml (Table 13). The samples used to calculate means were those collected during
the period of the project (5/10/93 - 6/13/94, n = 14). One exceedance for fecal counts/100ml under
AR 74:03:02 beneficial use (8) Limited Contact Recreation Waters occurred during this period. One
sample exceeded the maximum number of 2000 colonies/100ml during May/1 to September/30. On
May 10, 1993, a recorded count of 2400 /100 ml was collected from Watertown. No other

Table 13. Lake Poinsett mean concentrations (mg/1) for eight parameters for all tributary sites and two monitoring
stations on the Big Sioux River 1993-94.

1 14.6 7.30 7.83 168 262 609 586 23
2 154 9.26 7.99 36 196 825 792 33
3 15.5 8.90 8.62 48 191 974 960 14
7 158 6.68 7.93 338 181 991 976 15
8 16.0 8.46 838 34 215 1104 1074 31
9 16.0 8.69 8.00 759 205 1199 1132 67
BRKS 10.2 7.65 778 118 244 754 690 64
WIN 108 9.28 7.88 442 264 536 519 17
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exceedances were recorded during this period.

The maximum value of 4000 fecal colonies/100ml for all samples collected, excluding those from the
Big Sioux River, was observed from Site 7 (Lake Albert outlet). This large observance was a one
time occurrence and a duplicate sample for quality assurance and quality control purposes was also
collected at the same time and exhibited only 200 colonies/100 ml count. However, during this same
time period, it was reported that due to the flood and high water tables, a septic tank was overflowing
and subsequent sampling revealed concentrations well in excess of this number (4000). The mean
count of Lake Albert was 338 which was largely influenced by this large one time occurrence (Table
13).

Dissolved Oxygen- For the 6 monitoring stations used in this investigation there is no criteria or
standard specifically mentioned in their beneficial use designations. However, the beneficial use
designation assigned to the Big Sioux River for Limited Contact Recreation (8) states that the
dissolved oxygen must be greater than 5.0 mg/l without exception. Two instances were recorded
during the sampling period May 10, 1993 through June 13, 1994 at the Brookings monitoring station
where the dissolved oxygen levels dropped to 2.9 mg/l (2/14/94) and 4.7 mg/l (7/12/93).
Exceedances were not recorded for the Watertown monitoring station.

Sites 1-3, and 7-9 exhibited low levels of oxygen (<5.0 mg/l) during June, July, August, and
September. These lower levels usually correlated with warmer iemperaiures, increased suspended
solids, total phosphorus, and ammonia concentrations. In this 4 month period for 1993 and 1994,
Boswell (site 1) and Lake Albert (site 7) each exhibited S different measurements of dissolved oxygen
which fell below 5.0 mg/l.

pH- is a measure of the activity of the Hydrogen ion (H') in water. The range of pH in lakes and
rivers can range from 6 t0 9. pH can be effected from many variables found in the aquatic ecosystem
such as temperature, algal blooms, total alkalinity, soils, aquatic plants, and the presence of excessive
amounts of dissolved organic matter etc.. Throughout the project period only one exceedance was
observed based on the beneficial uses (9) Wildlife Propagation and Stock Watering and (10) Irrigation
Waters. The criteria for these beneficial uses state that the pH must be greater than 6.5 units and less
than 9.0 units. A pH value of 9.3 was observed at the Lake Poinsett Outlet (site 3) on August 24,
1993.

Ranges were quite similar and differences were not significant between stations. As discussed
previously, the maximum pH value of 9.3 was recorded at Station 3 (Outlet of Lake Poinsett) and
was involved with creating the maximum observed concentration of unionized ammonia. All other
pH values from all other sites, including the Big Sioux River, ranged from a minimum value of 7.07
standard units (su) recorded from Site 7, to 8.94 su recorded from Site 8 (Outlet of Lake St. Johns).
These values are well-within the range set by the beneficial uses.

Total Alkalinity is the capacity of water to accept protons (H") and serves as a pH buffer. It is
expressed in units of mg/l of Calcium Carbonate (CaCO,) equivalents/l. The primary basic species
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responsible for this buffering capacity are the bicarbonate ion (HCOj), carbonate ion (CO,%), and the
hydroxide ion (OH’). The particular species involved with the buffering capacity is dependent upon
the pH. In the pH range discussed previously (7.07 to 8.94), the dominant chemical form would be
found as the bicarbonate ion (HCO;). Lethal effects of alkalinity to aquatic life usually do not begin
until pH levels are above 9.5 (Manahan, 1990). All monitoring stations including those on the Big
Sioux River (Brookings and Watertown) fall under the criteria for the beneficial use (9) Wildlife
Propagation and Stock Watering found on Table 5, page 22. Exceedances of 750 mg/] were not
observed at any of the stations.

The highest mean concentrations were exhibited at Big Sioux River monitoring stations (Brookings
and Watertown) at 244.1 mg/l and 263.5 mg/l, respectively and the Boswell Diversion at 262.0 mg/l.
Major differences in concentrations for alkalinity between monitoring stations were not exhibited.
The minimum value was 142 mg/! (Site 7) and the maximum value of 319 mg/l was collected from
the Watertown Station on the Big Sioux River.

Total Solids- include both dissolved and suspended solids. Total suspended solids are subtracted
from total solids to give a quantity which constitutes total dissolved solids. Both of these parameters
and their associated trends will be discussed below rather than discussing the total solids.

Total Dissolved Solids - consists of inorganic salts, organic residue and dissolved material which are
able to pass through a filter during analysis of a sample (Cole, 1983). Criteria for the beneficial use
(9) Wildlife Propagation and Stock Watering Waters states that total dissolved solids may not exceed
2500 mg/l with a variation allowed under subdivision 74:03:02:32 (2). Exceedances were not
observed from any of the samples collected from all of the sites used in this investigation. Dissolved
solids ranged from a minimum value of 408 mg/l recorded from the Watertown Station on the Big
Sioux River to a maximum value of 1713 mg/1 at Site 9 (Thisted). Means ranged from 518.5 mg/l
(Watertown Station) to 1132.3 mg/], which was calculated from the samples taken from the Thisted
Station (site 9). The Big Sioux River is designated as (1) Commerce and Industry waters and the
criteria for this use requires that the total dissolved solids fall below 1000 mg/l, which was not
exceeded during the course of this investigation.

Total Suspended Solids - is that material which is retained on the filter described in the previous
paragraph. Suspended solids consist of volatile and nonvolatile constituents. Volatile solids are
combustible and are burned off during analysis. These solids contain carbon and were a part of an
organic molecule (biomass). Both volatile and nonvolatile suspended solids can accumulate in a lake
basin, forming sediment. This parameter is used as an estimate of sediment delivered from each
stream. However, suspended solids concentrations does not accurately describe the bed load (those
sediment particles >0.062millimeters in diameter) of a stream delivered to another body of water.
Guy (1970) reported that when the velocity is low (V<2.0 ft/sec) and no sand is being transported
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Figure 13. 1993-94 Lake Poinsett total suspended
solids concentrations for Stations 1, 2, and 3.

Figure 14. 1993-94 Lake Poinsett total suspended solids
concentrations for Stations 7, 8, and 9.
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for Sites 1,2, and 3
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as suspended sediment, the rest of the sediment
(clay and silt particles i.e. < 0.062mm in
diameter) is uniformly distributed throughout the
water column. High suspended solids
concentrations can overtax an aquatic system
and smother fish eggs and fry (EPA, 1993) as
well as deprive the aquatic ecosystem from the
required amount of oxygen necessary to maintain
aquatic life. The Big Sioux River Water Quality
monitoring stations (Watertown and Brookings)
have a Beneficial Use designation for (5)
Warmwater  Semipermanent  Fish  Life
Propagation which requires that total suspended
solids concentrations fall below 90 mg/l with a
variation under subdivision 74:03:02:32 (2).
The Brookings monitoring station exhibited the

Figure 15. 1993-94 Big Sioux total suspended solids
concentrations for Watertown and Brookings.
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highest number (n=3) of observations which were greater than 90 mg/l. The maximum suspended
solids concentration from this station was 220 mg/l, which is a significant concentration (Figure 15).

The maximum concentration observed from all the sites for the entire project period was collected
from Site 9 (Thisted) (Figure 14). The sample collected on 6/14/93 exhibited 308 mg/l of suspended
solids. The maximum phosphorus concentration was also observed from this sample. These high
concentrations were one time occurrences and it should be noted that they were followed by
concentrations below 90 mg/l (Figures 13 and 14). However, Site 9 (Thisted) exhibited higher
concentrations throughout the project period. In fact, the largest mean suspended solid concentration
was calculated from samples collected from Site 9 (Thisted) followed closely by Brookings Water
Quality station on the Big Sioux River (Table 13).
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Suspended Solid L oadings -

Loadings from the Big Sioux River were considerably Tgple 14, Total suspended solid loadings
larger than any of the other sites within the Lake Poinsett (kilograms) from 6 sites within the Lake
and Lake Albert Watersheds. The Big Sioux River Poinsett Watershed and the Big Sioux River
gained almost four times as much suspended solids going 1993-94.

from Watertown to Brookings where an estimated
24,350.6 tons were transported. However, the Boswell
Diversion was not opened during this period and,
consequently, no suspended solid load was delivered into
Lake Poinsett. In comparison, the largest load 1 11847.4 13.1
transported from Poinsett's immediate watershed was St.

Johns.  Although Thisted (9) exhibited higher 2 1331763.8 1468.3
concentrations, the larger discharge rates (hydrologic load 3 2455987.0 2707.7
- Figures 4 and 5) from St. Johns resulted in a larger

suspended solid load. Much of this load, however, was 7 17424933 1921.1
accumulated in the Lake Albert lake basin and was 8 3260473.6 3594.7
reduced by half before transporting an estimated 1921.1 9 1478459.3 16300

tons to Lake Poinsett (Table 14). The complex

relationship that exists between Dry Lake and Lake  Brks 22086686. 24350.6
Poinsett may have resulted in a underestimation of the 4

amount of total suspended solids that are transported

from one lake to the other.

During June 1993, 23.2% of the total suspended solids load was delivered from Lake St. Johns (site
8) to Lake Albert. Due to the extent of discharge that occurred from the 1993 flooding, an estimated
75% of the total (1993-94) suspended solids load was transported from St. Johns (site 8) to Lake
Albert during 1993 (Figure 16).

Loadings for all the parameters collected during the project are located in Appendix 1. Table 13
shows the total amount of phosphorus, nitrogen (nitrates only for the Big Sioux River) and
suspended solids and their mean concentrations from each of the monitoring stations. It also shows
their accumulations for Lake Albert and Lake Poinsett. A water balance error of 23,888.3 acre-feet
was calculated for Lake Poinsett. This was due primarily to the underestimate of discharge from
Stonebridge as well as ungaged runoff from several smaller intermittent streams and groundwater.
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Figure 16. 1993-94 Monthly total suspended solid loadings (kilograms) for 6 sites within the Lake Poinsett
Watershed and 2 water quality monitoring stations (Watertown and Brookings) on the Big Sioux River.
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Figure 16 cont. 1993-94 Monthly total suspended solid loadings (kilograms) for 6 sites within the Lake
Poinsett Watershed and 2 water quality monitoring stations (Watertown and Brookings) on the Big Sioux
River.
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Boswell Diversion

The Boswell Diversion is a manmade structure used to divert water from the Big Sioux River to Dry
Lake and Lake Poinsett during periods of flooding. This structure was designed to divert up to 500
cubic feet per second (cfs) when the Boswell Dam gates on the Big Sioux River were closed and the
diversion gates were opened. The canal was modified in 1955 to increase the amount of water that
could be diverted to 1500 cfs (Water Right No. 119-3).

In order to determine what impact the loadings from the Big Sioux River would have on the water
quality of Lake Poinsett it was necessary to estimate the loadings via the diversion structure. As
stated previously, the diversion gates were closed during the period of study and therefore, it was
necessary to extrapolate the loadings from the Big Sioux River to the Boswell Diversion if the gates
had been opened and water was diverted to the Dry Lake/Lake Poinsett system.

Samples were taken during the summer of 1994 at the Boswell Dam gates on the Big Sioux River
to determine the water quality of the river at this specific point. These samples were used to estimate
the total suspended solids, total nitrogen, and total phosphate loadings from the diversion. Discharge
at this specific point on the river was not collected during the study. However, the U.S. Geological
Survey gaging station ( USGS Gaging Station No. 06479525) near Castlewood was used as an
estimate of the discharge at the Boswell Dam on the Big Sioux River. This station is approximately
8 miles upstream of the Boswell Dam gates and therefore, the discharge estimates of this station are
less than they would be at the damdue to the larger drainage area at this point (Boswell Dam) on the
Big Sioux River. The larger discharge rates would also increase the loadings from those that are
estimated here.

Van Den Berg (1967) reported that the closed gates on the Big Sioux River leaked an estimated 100
cfs when the discharge for the river was greater than 100 cfs. Consequently, he assumed that water
could be diverted through the Boswell Diversion to Dry Lake only when the flow on the river was
greater than 100 cfs. He also determined that during an average year, the flow on the Big Sioux
River exceeded 100 cfs only 46 days a year. After flow measurements were made in the Boswell
Diversion during a period of high river stage and normal lake elevation, Van Den Berg (1967)
determined that the maximum capacity of the present system was approximately 500 cfs.

The time period used to compare loadings from the diversion to the Stonebridge (site 2) and Lake
Albert Outlet (site 7) was the same period in which the samples were collected from the Big Sioux
River (5/25 - 9/13/94). These samples were averaged between successive sampling periods to derive
daily concentrations. The discharge in the diversion was estimated by taking the daily discharge (cfs)
from the Castlewood gaging station and subtracting 100 cfs as Van Den Berg did in 1967. However,
in contrast to what Van Den Berg used in 1967, it was assumed that the maximum capacity of this
canal is 1500 cfs (1955) as stated in Water Right No. 119-3. During the period of 5/25 to 9/13/94
the Big Sioux River's average daily discharge exceeded 100 cfs and there were 8 days in this time
period in which the discharge exceeded 500 cfs. After subtracting 100 cfs from the average daily
discharge rates and converting cubic feet per second to liters per day, the daily discharge and the daily
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concentrations were multiplied to determine the daily loadings from the diversion. The loadings for
the last week in May (5/25 - 5/31/94) were added to the month of June and the two weeks in
September (9/1 - 9/13/94) were added to the month of August. These loadings were then compared
to the loadings calculated from the Lake Albert Outlet and Stonebridge data. Total loadings for this
period can be found on Table 16 and monthly loadings are located in Figure 17.

As discussed previously, the Table 16. Estimated Total Discharge and Loadings for the
discharge would increase if Boswell Diversion compared Lake Albert and Stonebridge Sites.

actual flow measurements on the
Boswell Dam were used. The 8
miles between the Castlewood
gaging station and the dam
would result in a larger drainage
area, i.e. increased drainage area Albert 20,725 533 |86 6
- increased discharge rates. :

Sediment (TSS) and nutrient Stonebridge | 13,019 379 41 4
(TN and TP) loadings would
also increase due to the larger
discharge rates as well.

Diversion 37,131 5,311 | 108 16

In comparison to Lake Albert and Stonebridge, the diversion's potential ioadings for aii tiree
parameters are considerably larger for the 3-month monitoring period during the summer of 1994.
The potential amount of phosphorus diverted into the Dry Lake/Lake Poinsett system from the Big
Sioux River via the diversion is significantly larger than that of the other sites (Table 16 and Figure
17). It should be noted that Stonebridge loadings would also increase as loadings for the diversion
increased. In order to improve the water quality of Lake Poinsett, it is necessary to limit or eliminate
this source of phosphorus and suspended solids.
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Figure 17. Comparison of the estimated loadings for Four Parameters for the Boswell Diversion

to the Outlet of Lake Albert and Stonebridge Gaging Stations
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SPECIAL SAMPLES

Throughout the investigation there were samples which were collected from sites around the lake to
determine the water quality of these specific areas. These intermittent streams drained agricultural
areas and then pooled in a ditch until the depth became sufficient to allow flow across a road into the
lake.

Results from this sampling indicated that high phosphorus concentrations are periodically entering
via the smaller tributaries which is mentioned in the AGNPS discussion. An intermittent pool/stream
was sampled in August of 1994 from the East Lake Drive section of Lake Poinsett. This sample
contained high total phosphate (0.506 mg/1), total dissolved phosphate (0.260 mg/l), ammonia (0.510
mg/1), and nitrate (0.300 mg/l) concentrations.

. Another sample was taken from a pipe near the Prestrude boat landing area on the east side of the
lake (Figure 3, pg 16). This pipe was used to drain a marsh/slough during flooding conditions. This
sample also contained high phosphate (0.516 mg/l) and total dissolved phosphate (0.493 mg/l)
concentrations.

Samples were also collected from the Big Sioux River at the Boswell Dam (Figure 3, pg 16). The
river was sampled monthly during the summer of 1994 to determine the water quality at this point
(Table 17).

Table 17. SAMPLE DATA FOR LAKE POINSETT FOR 1993-94
Site - 10, Big Sioux River, Directly located at the gates

DATE 52594 6-15-94 8994 9-13-94 Mean

WTEMP C 19 21 16 21 19.25

ATEMP C 16 22 12 28 19.5

DISOX mg/ 725 800  S5.40 6.20 671

FPH m 798 801 784 8.53 8.09

FECAL /100 mL 80 310 160 570 280

TALKAL mg/ 278 251 242 284 26375

TSOL mg 838 687 634 696  713.75

TDSOL mgh 798 621 504 692 65375

TSSOL mg/l 40 66 130 144 95

AMMON mg/ 002 002 002 0.02 0.02
UNIONIZEDAMMONIA mg/l 0.0007 00008 00004 0.0025  0.0011
NO3+2 mg 0.8 1 1.1 0.6 0.875

TKN-N mg/l L1S 102 096 228 13525

ORGANIC NITROGEN mg/l 113 1 094 226 13328
TOTAL NITROGEN mg/l 195 202 206 288 22278
TPO4P mgL 0529 0283 0323 0263 03495

TOTAL DISS. PO4P_mg/L 01430096 _ 0.133 __ 0.126 ___0.1245

The mean phosphate levels for this site are considerably higher than other sites already discussed.
Nitrates also exhibited higher concentrations.
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LAKE POINSETT WATERSHED AGNPS ANALYSIS

An analysis of the Lake Poinsett watershed was performed utilizing a computer model. The model
selected was the Agricultural Nonpoint Source Pollution Model (AGNPS) (version 3.65.5). This
model was developed by the Agricultural Research Service to analyze the water quality of runoff
events from watersheds. The model predicts runoff volume and peak rate, eroded and delivered
sediment, nitrogen, phosphorus, and chemical oxygen demand (COD) concentrations in the runoff
and sediment for a single storm event for all points in the watershed. Proceeding from the headwaters
to the outlet, the pollutants are routed in a step-wise fashion so the flow at any point may be
examined. This model was developed to estimate subwatershed or tributary loadings to a water body.
The AGNPS model is intended to be used as a tool to objectively compare different subwatershed
within a watershed and watersheds throughout the state. This model is intended for watersheds up
to 76,000 acres (1900 cells @ 40 acres/ cell). ’

The size of the Lake Poinsett watershed and area modeled was approximately 96,920 acres. Due
to large size of the watershed and the associated limitations imposed by the AGNPS program, the
Lake Poinsett watershed was divided into a upper (52,040 acres) and lower (44,880 acres) watershed
components (Figures 18 and 19). Each of these watershed components was than divided into
subwatersheds based on flow and drainage patterns. This resulted in the upper watershed being
divided into 14 subwatersheds, and the lower watershed being divided into 9 subwatersheds. The
selection criteria for determining what comprises a "subwatershed" was also based upon an aerial
drainage restriction. If a subwatershed drained less than 2% (approximately 800 acres) of the non-
lake watershed area, then it was not analyzed for NPS loadings. Normally, direct overland flow from
areas adjacent to the lake is not analyzed since the aerial drainage from these areas is generally small.
For this watershed, this constituted an area of less than 800 acres. Nonpoint Source (NPS) loadings,
feedlot contributions and hydrology were computed for each subwatershed in order to determine the
loadings to Lakes Albert, Poinsett and Dry. The amount of NPS loadings deposited in Lakes Albert,
Poinsett and Dry and the amount transported out of the lake was not calculated. The AGNPS model
cannot accurately route and calculate the in-lake deposition and transport of NPS pollutants. For this
study, it was assumed that the effect of the smaller lakes found within the watershed on the transport
of NPS pollutants was negligible.

AGNPS GOALS
The primary objectives of running AGNPS on the Poinsett Lake watershed was to:
1.) Evaluate and quantify the loadings from each subwatershed and their net loading to the
lake.

2.) Define critical cells within each subwatershed (high sediment, nitrogen, phosphorous).
3.) Quantify the nutrient loadings from each feedlot and priority rank each feedlot.
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The following is a brief overview of each objective.

BJECTIVE 1 - AGNPS SUBWATERSHED LOADINGS

OBJECTIVE1 - AGNYS SUBWAIERSUED LA

SEDIMENT YIELDS

The AGNPS data indicates that subwatersheds #2 and #7 (Lake Albert) and #7 (Dry Lake) have the
largest per acre impact on sediment loadings to the Lake Poinsett watershed (2+1 o (sample standard
deviation)). The subwatersheds for Dry Lake #7 and Lake Albert #7 are designated on Figures 18
and 19 by the use of their outlet cell#. Dry Lake's outlet cell # for subwatershed #7 is #466
(subwatershed #466) (Figure 18, pg 56). Lake Albert's outlet cell # for subwatershed #7 is #686
(subwatershed #686) (Figure 19, pg 57).

Subwatershed #2 (Lake Albert) appears to be contributing extremely high sediment amounts to Lake
Albert (.41 tons/acre/avg.year, 1.01 tons/acre/25yr.event). The location of this subwatershed is from
the outlet of Lake Thisted to the inlet of Lake Albert (Figure 19, pg 57). The boundaries of this
watershed can be found in the AGNPS final report in Appendix II.

SITBWATERSHED SEDIMENT YIELD AERIAL DRAINAGE
% OF TOTAL LCAD % OF TOTAL AREA
#2 LAKE ALBERT 18.7% 8.7%
#7 LAKE ALBERT 6.4% 3.5%
#71 DRY LAKE 31.1% 18.0%
NITROGEN YIFLDS

The AGNPS data indicates that subwatersheds #2 and #7 (Lake Albert) and #5 (Dry Lake) have the
largest per acre impact on nitrogen loadings to the Lake Poinsett watershed (2+1 o (sample standard
deviation)). Dry Lake's outlet cell # for subwatershed #5 is #383 (subwatershed #383) (Figure 18,
pg 35).

SUBWATERSHED NITROGEN YIELD AERIAL DRAINAGE
% OF TOTAL LOAD % OF TOTAL AREA
#2 LAKE ALBERT 15.8% 8.7%
#5DRY LAKE 27.3% 21.1%
#7 LAKE ALBERT 5.6% 3.5%
PHOSPHOROUS YIELDS

The AGNPS data indicates that subwatersheds #2 and #7 (Lake Albert) and #5 (Dry Lake) have the
largest per acre impact on phosphorous loadings to the Lake Poinsett watershed (2+1 o (sample
standard deviation)).
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SUBWATERSHED PHOSPHOROUS YIELD AERIAL DRAINAGE
% OF TOTAL LOAD % OF TOTAL AREA
#2 LAKE ALBERT 17.6% 8.7%
#7 LAKE ALBERT 6.4% 3.5%
#5 DRY LAKE 31.3% 21.1%

Best Management Practices should be targeted to these four subwatersheds and selected critical cells
as identified in the AGNPS final report in Appendix II in order to achieve the highest benefit/cost
ratio. It is recommended these areas be "Field Verified" prior to the installation of any Best
Management Practices (BMP's).

Comparing AGNPS loading data to other watersheds (expected critical range), the NPS loadings
appear to be low except for the sediment yields from Lake Albert subwatersheds # 2 and #7 and
nutrient yields from the Lake Albert subwatershed #2 and Dry Lake subwatershed #5. The extremely
high sediment and nutrient yields from the Lake Albert subwatershed #2 can be partially attributed
to the fact that as the size of the subwatersheds decrease, the distance from the NPS source to the
lake decrease, thereby resulting in higher mean values. The Lake Albert #2 subwatershed should be
the primary target of BMP's. Based upon this analysis, it is recommended that conservation practices
should be targeted to control erosion concentrated in subwatersheds #2 and #7 (Lake Albert) and #7
(Dry Lake) and that nutrient management practices should be concentrated in subwatershed #2 and
#7 of Lake Albert and #5 of Dry Lake.

An analysis of the Lake Poinsett watershed indicates that there are approximately 214 non-water cells
which have greater than 3.9 tons/ acre of sediment yield. This is approximately 13 % of the non-
water cells found within the watershed. The model also estimated that there are 26 non-water cells
which have nitrogen yields of > 5 ppm and 29 cells which have phosphorous yields > 1.0 ppm. This
is approximately 1.6 % of the non-water cells within the watershed. Location and yields for each of
these cells are listed in the Poinsett-AGNPS final report. Due to the length of this document, it was
printed as a separate document. These cells should be given high priority when installing any future
Best Management Practices (BMP's). The model indicated that sub-watersheds #2 & #7 (Lake
Albert) and #5 & #7 (Dry Lake) have the largest sediment and or nutrient yields per acre. Therefore
initial BMP's should be concentrated in these four critical subwatersheds.

OBJECTIVE 3 - FEEDLOT RANKINGS (25 YEAR EVENT)

FEEDLOT SELECTION CRITERIA AND STATISTICS (NOT WEIGHTED FOR
DISTANCE FACTORS)

1.) Animal feedlot ranking 25 year event

2.) Range of feedlot rankings 0-55
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3.) Mean . 275
4.) Sample standard deviation (o) 15.3
5.) Feedlots with rating 2 +1 o are : Cell 742, 186

A total of 11 feedlots were identified as potential NPS sources during the AGNPS data acquisition
phase of the project. Below is Table 18 a listing of the AGNPS analysis of the feedlots:

FEEDLOT |SUBWATERSHED AGNPS RANKING |VARIANCE| VARIANCE |PRIORITY RANK BASED
(CELL, #) LOCATION RATING PRIORITY FROM FROM ON AGNPS RANK AND
(25 YR.EVT) MEAN 1 STD.DEV.|DISTANCE FACTORS ¢
OF 33.7 (0=19.1)
FROM MEAN|C.FACT.|C.RATE|C.RANK
499 Dry Lake #5 8 10 - 19.5 - 1.27 1.00 8 10
742 Poinsett #1 55 1 + 27.5 + 1,79 .64 35 1
859 U.P.-Direct 24 8 - 3.5 | - 0.23 1.00 24 6
1077 U.P.-Direct i7 ° ~ 10.5 - 0.68 1.00 17 9
1126 U.P.-Direct 31 5 + 3.5 + 0.23 .72 22 7
1247 Poinsett #7 0 11 - 27.5 - 1.80 .42 0 11
186 Albert #1 43 2 + 15.5 + 1.01 .48 21 8
284 Albert #2 28 7 + 0.5 - .03 .90 25 5
411 Albert #1 33 4 + 5.5 + 0.386 .80 26 4
691 L.P.-Direct 30 6 + 2.5 + 0.16 1.00 30 2
889 Albert #9 34 3 + 6.5 + 0.43 .80 27 3
¢ - PRIORITY RANK = AGNPS 25 YEAR FEEDLOT RATING X bISTANCE TO STREAM X DISTANCE TO LAKE
DISTANCE TO STREAM FACTORS DISTANCE TO LAKE FACTORS
Adjacent to stream = 1.0 Adjacent to lake =1.0
Within 1 cell (1300 feet) = .8 Within 4 cells (5200 feet) = .9
Within 2 cells (2600 feet) = .6 Within 8 cells (10400 feet) = .8
Within 3 cells (3900 feet) = .4 Within 16 cells (15600 feet) = .7
Within 4 cells (5200 feet) = .2 Within 20 cells (20800 feet) = .6
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Mean value = 27.5
Median value = 30.0
STDS = 15.3
Mean + 1STDS = 42.8

Cell # 742 000

Nitrogen concentration (ppm) 65.563
Phosphorus concentration (ppm) 15.068
CoD concentration (ppm) 1160.682
Nitrogen mass (lbs) 357.528
Phosphorus mass (1lbs) 82.166
CcoD mass (lbs) 6329.441

Animal feedlot rating number

Cell # 186 000

55 (+1.790)

Nitrogen concentration (ppm) 15.541
Phosphorus concentration (ppm) 5.708
CoD concentration (ppm) 256.065
Nitrogen mass (lbs) 144.474
Phosphorus mass (1lbs) 53.064
COD mass (1lbs) 2380.490

Animal feedlot rating number

43 (+1.010)

Feedlots located in cells 742 (Lake Poinsett #1) and 186 (Lake Albert #1) appear to be contributing
excessive nutrients to the watershed (>10). The feedlots located in cells 889 (Lake Albert #9), 411
(Lake Albert #1) and 1126 (Upper Poinsett - Direct) appear to be contributing moderate to high
levels of nutrients and should also be considered for treatment due to their AGNPS ranking and to
their proximity to major streams and the lake. If nutrient contributions from these 5 feedlots were
eliminated, the model estimated that the nitrogen and phosphorous loadings to Lake Poinsett would
respectively be reduced by 17% (9.9 tons/ year, 25 year event) and 5% (.9 tons/ year, 25 year event).
All other feedlots in the watershed appear to have very little impact on nutrient loading. Another
possible source of nutrient loading is from septic systems and from livestock depositing fecal material
directly into the lake or adjacent streams. Overall, the nutrients being deposited from the watershed

into Lake Poinsett appear to be fairly low.

CONCLUSIONS

Based upon a comparison of other watersheds in Eastern South Dakota, the sediment and nutrient
loadings to Lake Poinsett appear to be low. However, when a subwatershed analysis is performed,
above normal (>+10) sediment loadings were found in subwatersheds #2 & #7 of Lake Albert and
#7 of Dry Lake (10.6% watershed area, 20.9% sediment), and high nutrient loadings were found in
subwatersheds #2 & #7 of Lake Albert and #5 of Dry Lake (11.0% watershed area, 17.6% total
nitrogen, 18.4% total phosphorous. The implementation of appropriate Best Management Practices
targeted to the identified critical watershed cells and critical feedlots should produce the most cost
effective treatment plan in reducing sediment and nutrient loadings to Lake Poinsett.
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Onsite Wastewater-Disposal Systems

The influence of onsite wastewater-disposal systems (septic systems) effluent on the nutrient load to
a lake can be relatively important. Septic-system effluent can contain about 1000 times the
concentration of phosphorus as in lakes. Some research has indicated that the potential nutrient
input from groundwater containing septic system effluent into a lake may be significant. It is
important to consider septic systems as a potentially significant source of nutrients to lakes. High
water tables in areas containing failing septic systems can contaminate groundwater and increase the
transport of phosphorus through soils to certain surface waters. Sawhney and Starr (1977) reported
that concentrations of 2.5 mg/l were observed in soil solutions removed from a 30-cm depth below
a trench used in an onsite septic system. They suggested that shallow soils located in high or perched
water tables could potentially deliver high concentrations of phosphorus to groundwater.

.An estimate of the possible influence of onsite waste-disposal systems on phosphorus loadings to
Lake Poinsett was determined by the following methods:

There are 622 cabins around Lake Poinsett of which 153 are now served by an existing centralized
sanitary sewer system. This leaves 469 individual onsite wastewater-disposal systems of various ages
and conditions. Rodiek (1978) used the following method to calculate phosphorus loading potentials
to Lobdell Lake in Michigan from septic systems. Various assumptions were made for the lake
residences and loading rates of phosphorus to the septic systems which will be used to derive an
estimate for Lake Poinsett.

Table 19. Copied from Table 2, Rodiek (1978).

Lake Residences
Assumptions Loading rates ta septic systems,
4 people per residence without detergent  0.50 kg x capita™ x yr!
50% occupancy of residences detergent only 1.60 kg x capita™ x yr?
50% use of phosphorus detergent detergent only 1.10 kg x capita™ x yr?!

Phosphorus Export for Permanent Residence:

[0.50—r¥8P__, Acapita )\ kP _ Acaplla . sopdetergent Y]-4.2——TE0
capita xyr residence capita xyr. residence residence xyr

Phosphorus Export for Temporary Residence (assumed 50% of a year occupance):

[0.50—8P _, Acapita \ ), kP  Acoplls 4 copdetergent Y)x0.50 cccupancy -2.1——SEX

capita xyr‘. residence capita xyr. residence residence xyr

In 1983 a lake side property survey was conducted. From this survey it was determined that 15.7%
of cabins surveyed were used as a permanent residence and 84.3% were used as a temporary
residence. Using these percentages a number of total cabins on the lake used as permanent and
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temporary homes can then be estimated. Of the 469 cabins which are not hooked to a central sanitary
sewer system 73.6 (0.157 x 469) are permanent and 395.4 (0.843 x 469) are temporary residences.

kgP
residence

4.2

x73 .6residence -309 .12kgP

kgP
residence

2.1

%395 .4residence -830 .3kgP

An estimated total of 1139.42 kg of phosphorus could be delivered to the septic systems. This
estimate, however, does not take into consideration the ability of the surrounding soil to immobilize
the phosphorus contributions. Retention of phosphorus for certain soil types can range up to an
estimated 95% (Gilliom and Patmont, 1983). Rodiek (1978) estimated the soil retention of
phosphorus for the soils where the septic tanks were located on Lobdell Lake. These efficiency
ratings ranged from very poor (25% of phosphorus retained by the soil) to good (75% of the
phosphorus would be retained). Using these figures an estimated 284.90 kg P (628.1 1bs) to 854.57
kg P (1884.33 Ibs) could potentially be delivered to Lake Poinsett over a 1 year period.

Many of the soils raied for use as septic tank ahsorption fields in the Hamlin County Soil Survey
were given ratings ranging to severe (percolates slowly) (Hamlin County Soil Survey, unpublished).
These soils are comprised of a higher clay content, which allows less water to percolate between the
soil particles. This forces the water to follow a different pathway and can result in septage
contamination of the lake if the less restrictive pathway through the soils leads to the lake. Those
soils with a lower clay content would constitute this pathway. High or perched water tables would
greatly increase the movement of phosphorus through the soil particles. The adsorptive capacity of
the soils would be severely impaired if the soils became saturated with phosphorus, which may be the
case for those cabins used as a permanent residence. Sawhney and Starr (1977) reported that the soil
solution surrounding a trench in a septic.system drainfield that was monitored for phosphorus
exhibited similar concentrations of phosphorus as the wastewater.

Continuing efforts should be made to secure funding for an expansion of the centralized sanitary
sewer system on Lake Poinsett. Every opportunity to limit the amount of phosphorus delivered to
the lake should be pursued so that the inlake concentrations of phosphorus will be lowered and
consequently, limit the growth of the algae.
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SHORELINE EROSION SURVEY

A shoreline survey was conducted on September 8, 1995, to document the extent and severity of
shoreline erosion on Lake Poinsett. Shoreline areas classified as severe were videotaped earlier in
the summer by personnel from the Lake Poinsett Water Project District and were also photographed
during the survey conducted in September. This was a subjective survey and is a general estimate
of the severity of the erosion located on the lake. Figure 20 shows the locations of the erosion which
were documented on the September survey.

During the survey, the identified areas of erosion were classified into the following three categories:

1) Moderate
2) Intermediate
3) Severe

and the length (feet) was estimated for each category. The categories were then summed to
determine the overall length of shoreline undergoing erosion (percentage) relative to the total length
of the shoreline (Table 20).

78,672 (feet) 5,660 1,895 2,755
Percentage of Total - 7% 2% 4%

Most of the areas classified as undergoing severe erosion were cliff embankments located in several
regions around the lake. A limited amount of vegetation was present reducing some of the erosional
action, however, these areas are very susceptible to wind and wave action and necessary precautions
should be taken to prevent further damage.

The intermediate sections were located in these cliff areas as well but there were also areas along the
riprapped sections which were partially damaged and should be repaired to prevent further
degradation. There were many areas of the lake which were categorized as moderate. These usually
consisted of damaged areas or margins above the riprap along the lawn/riprap margin for many
cabins around the lake.
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Figure 20. Lake Poinsett Shoreline Erosion Map
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Aquatic Plant Survey

On September 9 and 10, 1994, an aquatic plant survey was conducted on Lake Poinsett to determine
their extent and distribution. During the survey there were no plants (submergent or emergent
vegetative types) located within the immediate shoreline area nor along the shoreline margin. This
has been a consistent phenomena associated with Lake Poinsett. Koth (1981) also reported less than
5% of the shoreline margin was covered with cattail (typha spp.) and bullrush. Koth did identify a
few specimens of Potamogeton pectinatus which is a submergent perennial herb and can be found at
depths to 15 feet (Eggers and Reed, 1987). The South Dakota Game, Fish, and Parks fisheries
survey conducted on Lake Poinsett also recorded a lack of aquatic vegetation (SDGF&P, 1993).

Aquatic vegetation serves several purposes in lakes. They can serve as a food source for waterfowl
and invertebrates as well as breeding and nursery areas for certain fish species (EPA, 1990). Aquatic
macrophytes can also absorb phosphorus from the water and sediment as well as anchor the sediment
in place (Mulligan, 1969). Wetzel (1983) discussed the results of several investigations which
- demonstrated an inhibition of algal growth in emergent and submergent aquatic plant beds by
reducing available nutrients (phosphorus and nitrogen) as well as light.

The lack of aquatic plant beds within Lake Poinsett have been attributed to: 1) the exposed nature
of the lake, 2) the substrate which is not conducive to aquatic plant growth or the larger particles
(sand) which are disturbed by wind and wave action sheering off new plant stems as they grow, 3)
light attenuation which is a result of the large algal mats produced in the summer, and 4) the action
of rough fish disturbing the substrate as they feed. The root cause is probably a combination of all
the factors listed above. However, several lakes such as Lake Herman in Lake County, SD have
exhibited a similar phenomenon but have had the disappearance of aquatic plant beds attributed to
turbidity and light attenuation produced by algal blooms. A potential benefit of phosphorus reduction
may be the production of an aquatic plant bed which may also help to regulate in-lake phosphorus
concentrations as well.
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Sediment Survey

19, 1994 on Lake Poinsett to determine the volume and distribution of
sediment in Lake Poinsett. From this survey it was revealed that the
total volume of accumulated sediment was estimated at 8,969,037
yards®. This equates to approximately 8.50 inches of sediment on the
entire surface area of Lake Poinsett (7,872 acres). There is not enough
sediment to warrant any type of removal project. However, the results
do indicate that areas of accumulation are located near Stonebridge and
the Lake Albert inlet into Lake Poinsett.

Cross sections were spaced 1,200 feet apart and the average end area
volume for these sections indicated that most of the sediment was in the
northern half of the lake (Table 21). Cross section 0 is located on the
southwest corner of Lake Poinsett. The last cross section was placed
near the northeast section of the lake. Between cross section 84 and 96
an increase in sediment volume occurred. These two cross sections are
near the area in which the Lake Albert inlet enters Lake Poinsett. A
continuing trend of larger volumes of sediment occurs as the cross
sections progress to the northeast part of the lake.

Although a sediment removal project is not warranted within Lake
Poinsett, an investigation to determine the volume of sediment located
on the southern half of Dry Lake should be considered. The benefit of
a sediment removal project immediately north of Stonebridge could
potentially remove some phosphorus laden sediment as well as reducing
sediment discharge rates from Stonebridge.
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Table 21. Average end
area volume for each cross

. section used in the Lake
A sediment survey was conducted from October 25 through November pincott Sediment Survey.

i

0 196105
12+00 195640
24 2005
36 1966
48 164833
60 206167
72 48242
84 §72710
96 1090201
108 525150
120 1690
132 351201
144 838026
156 851305
168 638767
180 582342
192 535279
204 483415
216 459218
228 392455
240 338312
252 259077
264 172184
276 62747

8,969,037
0




Fisheries Information

One of th? beneficial uses fqr Lake Poinsett 1s Table 22. Primary (game and forage) and secondary
to maintain the water quality for warmwater ggp, species found in Lake Poinsett and Lake Albert.’

semipermanent fish life propagation. Lake
Poinsett and Lake Albert are both managed for Lake Poinsett Lake Albert

walleye, yellow perch, and northern pike. The [ . . v | Secondary | Primary | Secondary

primary and secondary species for both lakes are

similar and are listed in Table 22. Walleye Carp NCg?:em Walleye
ike

Both lakes are highly eutrophic with the Yellow Northern Yellow | Largemouth

potential of maintaining a high fishery yield. Perch Pike Perch Buffalo

Typically, as water quality improves the White Black Black camp

. bioproductivity has a tendency to decrease Bass Crappie Bullhead
which may have an impact on the fishery yield )

per unit area (EPA, 1990). However, a fishery 'sn'gzg; Jg:::: gg:::r
yield is highly varied depending not only on Bass
water quality but also spawning habitat, weather
conditions, morphology of the lake, and
presence of aquatic macrophytes. Although
improvements in water quality may impact the | Fathead | Channel
fishery yield (rough fish), this shallow prairie | Minnow |  Catfish
lake would still maintain it's high level of | wnite
productivity and a significant reduction in fishery | Sucker

Spottail Bigmouth
Shiner Buffalo

yield would not be likely. 1 = based on 1993 South Dakota Statewide Fisheries
Survey.

The following recommendations are excerpts
from the 1993 South Dakota Statewide Fisheries Survey conducted on Lake Poinsett and Lake Albert
by the South Dakota Department of Game, Fish, and Parks. Fisheries data is collected annually on
Lake Poinsett and approximately every 3 years for Lake Albert. 1993 surveys for Lake Poinsett and
Lake Albert are located in Appendix III.

Recommendations for Lake Poinsett
1. Continue to manage primarily for walleye, yellow perch, and white bass.
2. Stock walleye fry (2000/ac) in 1994.

3. Continue to encourage commercial removal of bigmouth buffalo and common carp.

4 Consider the removal of white bass from the commercial fishing list.
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5. Electrofish to assess smallmouth bass population.

6. Resurvey annually.
7. Creel survey to further assess 35.6 cm (14 in) length limit, angler success, and harvest for
walleye.
Recommendations for Lake Albert
1. Encourage commercial fishing for the rough fish populations.

2 Continue with an alternate year stocking strategy with walleye fry. This will allow biologists
to monitor natural reproduction as well as maintain the walleye fishery.

3. Develop a plan for managing the panfishery in the lake.

4 Lake Albert should be contour mapped.

Table 23 indicates the commercial fish catch

from Lake Poinsett and Lake Albert. Also Table 23. South Dakoia Toiai Commeicial

located in Appendix III are the results of an Fish Catch (pounds) for Fiscal Year 1992,
ongoing creel survey of Lake Poinsett which 1993, and 1994.

contains the estimated fishing pressure for
various fish species as well as the estimated | Year | Lake Poinsett | Lake Albert
catch rate.
1992 | 347,300 304,000
(95.9%)' (100%)
1993 | 597,305 185,100
(99.1%) (100%)
1994 | 248,990 NA
(98.4%)

1 = Percentage of carp and buffalo fish of the total
commercial harvest.



LAKE SAMPLING

The objective of this task was to determine the current condition of the lake including the trophic
state and to delineate any trends in the water quality data. The inlake sampling results were then used
to determine the effect of the nutrient and sediment inputs from the watershed on the water quality
of Lake Poinsett. A reduction response model involving the lake's hydraulic residence time (time
required to completely replace the lake's water volume), total phosphorus concentration, and
chlorophyll a was developed. This reduction response model was used to predict the potential effects
on the lake's phosphorus and chlorophyll a concentrations if a reduction would occur in the total
phosphorus input from the watershed.

WATER QUALITY RESULTS

The current condition of the lake determined from the data collected during this project is a reflection
of the 100-year flood that occurred in 1993. As a result, this overall condition of Lake Poinsett may
not be a condition exhibited during a typical year with average precipitation rates and land uses. The
expanse of time required to replace the entire volume of Lake Poinsett (hydraulic residence time)
calculated from the data collected during this 314 Clean Lakes project would be shorter than the time
calculated during an average precipitation year. This faster rate of replacement or greater volume of
water entering Lake Poinsett would have a dilution effect on many of the parameters measured during
the course of this investigation. It-would also reduce the residence time for the in-lake phosphorus.

Beneficial uses for Lake Poinsett are listed in the front on page i. The criteria or standards associated
with these beneficial uses will be discussed in subsequent sections as they pertain to the individual
parameters and their concentrations.

Secchi Depth (Zep) - is a general measurement I(=Z|gs::)|"e 21. 1993-94 Lake Poinsett Secchi Depths

of water quality within a lake. A 20 centimeter
round white/black disk is lowered into the
water. The distance that you can see the disk
below the water surface, just at the point that it
disappears, is the point that is measured. Itisa
measure of light transparency within the lake. A
inverse relationship is usually exhibited between
secchi depth and algal biomass.  As one
variable increases the other decreases (EPA,
1990). Site 6 exhibited the largest mean (7.18

feet) among the 3 in-lake sites. However, mean Poeris " Oawa " oazz 12 ' 04 ' O3 Gws
secchi depths were quite similar. Site 4 and site 1993 _ : 1954
5 exhitjirt)ed means of 6.47 feet and 6.85, ZEXIE ETEEET
respectively.  The minimum secchi depth
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occurred at site 4 with a value of 2.33 feet. This value was recorded on 7/13/94 (Figure 21). In
contrast, the maximum secchi depth of 17 feet was recorded both from site 4 and 5. The maximum
value from site 6 was only slightly less at 15 feet. All three maximum values were recorded on 1/4/94
(Figure 20) when algal blooms or any other organic or suspended solids inputs from the watershed
were not occurring. The minimal snow cover on the ice during this sample collection period allowed
sunlight to penetrate the ice increasing the secchi depth.

Temperature and Dissolved en

The beneficial use (5) Warmwater Semipermanent Fish Life Table 24. Mean
Propagation states that the temperature may not exceed 90°F osé“face Temperatures
(32.2°C) without exception. There were no exceedances of this
criteria. The maximum temperature was 27.5°C recorded at station
5 (middle bay) on 7/20/93. Temperature profiles were conducted each
time a sample was collected from each station (Figure 22). Bottom
and surface samples were then compared to determine if a significant | 4 15.24
difference existed between them. The statistical analysis (one-way- 5 15.36
Analysis of Variance or ANOVA) detected no significant differences
between surface and bottom measurements (Probability >0.05). This |6 15.32
indicates that thermal stratification is not occurring, which is typical

for shallow prairie lakes such as Lake Poinsett.

Dissolved oxygen concentrations (mg/l) for each sampling station were very similar throughout the
project. The minimum value of 3.3 mg/l was observed from station 5 -Bottom and the maximum
value of 11.8 mg/l was observed from stations 5 and 6-surface. All

minimum values for each site occurred on 8/15/94 and maximum Tgaple 25. Lake

values occurred on 5/4/94. An Analysis of Variance (ANOVA) was Poinsett in-lake mean
conducted to determine if dissolved oxygen values were statistically ~dissoived oxygen

different between sampling stations (sites 4,5, and 6) and between Concentrations

sampling depths (surface and bottom). Significant differences were
not detected between the stations or depths (P>0.05). The trends in
the dissolved oxygen data indicate that lower oxygen levels occurred
during the summer periods when chlorophyll-a (blue-green algal
blooms) concentrations were higher. Biodegradation of the
excessive organic inputs in the lake due to the blue-green algal |4-B | 7.18
blooms may sometimes use a significant amount of the oxygenin |sg [ 818
the ecosystem causing the levels to drop and adding stress to the
other aquatic life in the lake (Figure 22). 5B | 749
6-S | 8.27

6-B | 6.91

4-S | 8.02

The lower levels of oxygen were measured on the bottom (at the
sediment water interface) where it was consumed at a slightly faster
rate than it could be replaced through the actions of wind and waves
and the introduction of water (high oxygen content) from the
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Figure 22. 1993-94 Lake Poinsett Dissolved Oxygen Profiles for In-Lake Site S.
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tributaries. A number of exceedances were recorded for the beneficial use (5) Warmwater
Semipermanent Fish Life Propagation which states that the oxygen levels must be greater than 5.0
mg/l without exception. Site 6 bottom exhibited 4 exceedances where the oxygen level was less than
the recommended level of 5.0 mg/l. Every other site (4S, 4B, 5S, 5B, and 6S) exhibited two
violations (0, < 5.0 mg/l). Although statistical differences were not detected between sampling
stations, the lower mean concentration recorded at site 6 (bottom) may be influenced by large organic
inputs from the nearest tributary, site 7 (Lake Albert Outlet), where large phosphorus and sediment
loads were recorded. Since significant differences were not observed between sites or depths, only
site 5 (middle Bay) was used to show the annual trends in dissolved oxygen

and temperature profiles (Figure 22). As was previously discussed the Table 26. Meanin-
distribution of oxygen was fairly uniform between surface and bottom lake pH values for Lake
sampling sites. This can be seen in Figure 22 where the oxygen ' onsett
concentrations were constant in the entire water column for most sampling
dates. During the late summer (8/15/93 and 8/15/94) oxygen deficits did
develop as the temperatures increased.

4S | 8.38

pH - as described in previous sections, pH is the measure of the activity of
the hydrogen proton (H"). A normal pH range for a South Dakota lake will
usually lie between 6 and 9 su. pH is also a determining factor in effecting 5 | 847
concentrations of unionized ammonia (NH,OH) which can be highly toxic to 58 | 8.46
organisms in greater quantities (Wetzel, 1983). The beneficial use criteria for
Lake Poinsett states that the pH must be greater than 6.5 su and less than 9.0 [ 6S | 8.30
su with a variation allowed under subdivision 74:03:02:32 (2). As with the 68 | 822
other parameters pH did not differ significantly between depths or between
sites (P>0.05) (Table 24). pH ranged from a

minimum of 6.99 (site 4-surface) recorded on  Table 27. Mean concentrations and ranges for total
1/4/94 to a maximum value of 9.25 (Site 5- alkalinity, total solids, total dissolved solids, and total
bottom) recorded on 7/15/93. Site 4 and 5 s’;‘uspende\d solids for all Lake Poinsett in-lake sites
exhibited all 5 values exceeding the pH ¢ oo o4

standard of 9.0 su.

4B | 8.41

Fecal Coliforms - in-lake fecal coliform counts | 45 | 189 74 963 10.25
. 160-23 884-1218) | (876-1211 1-33
had two occurrences exceeding 10 /100ml. ( D1« ) 1! ) 1 0=
: 48 |18 985 966 19.45
Fecal Coliform counts ranged from a (100228 | (883-1284) | (8751277) | (2.108)

minimum of 10/100ml to a maximum of ” gy ”
100/100ml. Fecal coliform values were (102-248) (9391.1209) (936:51202) (82.?159)
consistently 10/100ml or below. This

: s8 | 190 978 962 15.80
parameter did not pose a human health threat (160-232) | (892-1212) | (887-1204) | (4-47)
through any part of the investigation. [g |[a 78 o7 785

Significant differences were not observed (104-237) | (889-1223) | (885-1214) | (2-23)
between sites or between depths (P>0.05). 68 | 184 980 956 2365

(100-204) (887-1219) | (877-1204) (3-132)

Total Alkalinity and its chemical role in water
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quality has been discussed in the tributary sections of this report. Total alkalinity ranged from 100
mg/l to a maximum value of 248 mg/l observed at site 5SS on 6/15/93. However, the largest mean
concentration for total alkalinity under the criteria for the Wildlife Propagation and Stock Watering
waters may not exceed 750 mg/l (as calcium carbonate) with a variation allowed under subdivision
74:03:02:32(2). At no time during the project was this particular criteria compromised.

Total Solids are not subject to any specific standards or criteria. Total solids are comprised of total
dissolved and total suspended solids. Means were very similar from each sampling station (Table 27).
The largest mean of 985 mg/l was observed from site 4B whereas the smallest mean of 974 mg/l was
observed from Site 4S. No significant differences were observed between sites or between depths
(P>0.05). The maximum concentration observed during the project (1284 mg/1) occurred at site 4B
on 7/25/94.

Total Dissolved Solids are comprised of minerals and ions that, during analysis, pass through a filter
retaining the suspended solids portion of the total solids. Those particular constituents that constitute
dissolved solids were discussed in the tributary section. The beneficial use Wildlife Propagation and
Stock Watering states that total dissolved solids may not exceed 2500 mg/l with a variation allowed
under subdivision 74:03:02:32 (2). Most freshwaters have total dissolved solid levels between 10 and
500mg/l (Wetzel, 1983). Total dissolved solids can also effect the density of the water but, at
average concentrations, have little effect (EPA, 1993). TDS values did not exceed 2500 mg/] during
1993 or 1994. Values ranged from a minimum of 875 mg/l to a maximum of 1277 mg/l which was
recorded from site 4B. Higher total alkalinities often result in elevated pH levels as well as increased
dissolved solids concentrations (Manahan, 1990). All sites exhibited a spike in total dissolved solids
(>1200 mg/l) on 7/25/94. There were no significant differences detected between sites or depths
(P>0.05).

Total suspended solids are comprised of the particulate matter suspended in the water column .
Suspended solids in-lake concentrations can be greatly effected by the suspended solid load delivered

Figure 23. 1993-94 Lake Poinsett Total Suspended Figure 24. 1993-94 Lake Poinsett Total Suspended

Solid Concentrations for 3 in-Lake Surface Sites. ~ 8olid Concentrations for 3 in-Lake Bottom Sites.
Lake Poinsett Total Susp Solids Conc Lake Poinsett Total Suspended Solids
(mg) for 3 In-Lake Surface Sites Conc (mg/l) for 3 In-Lake Bottom Sites
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from the watershed. The criteria for warmwater semipermanent fish life propagation states that
suspended solids may not exceed 90 mg/l without exception. High suspended solids and
sedimentation rates can have a detrimental effect on fish species which deposit eggs on the bottom
substrate (EPA, 1993). Values ranged from 1 mg/l (site 4S) to a maximum value of 132 mg/l, which
was recorded at site 6B on 7/20/93 (Figure 23). In 1993, the sediment load delivered from the
Stonebridge (site 2) and Lake Albert (site 7) in June and July, in addition to the large discharges that
occurred during this same time period, may have influenced these peaks in TSS concentrations that
occurred in the bottom sites (Figure 24). The total number of violations that occurred for total
suspended solids was 2. In addition to the maximum value of 132 mg/l at site 6B, a concentration
of 106 mg/l was recorded at site 4B. These were the only instances in which the 90 mg/l standard
was exceeded.

Surface sites also exhibited increased concentrations during the same periods as the bottom sites
(Figure 24). However, the maximum value of 33 mg/l, which was 7/13/94 from site 4S, was
significantly lower than the maximum concentration collected from the bottom (Figure 23 and 24).
The higher concentrations were observed at the bottom sites where the suspended solids would settle
to the bottom.

Nutrients

Nutrients (phosphorus) are the primary cause of blue-green algal blooms. The duration and severity
of the bloom is dependent upon how much phosphorus is availabie for uptake wiihin ihe aquatic
system. The severity of the blue-green algae within a lake, however, can also be influenced upon the
lakes residence time, turbidity, photoperiod, and temperature. Most of these factors are impossible
to control or manage. Consequently, where blue-green algae is the principal problem, a reduction
in the amount of nutrients

a;ml?:lg fo; al%al upta;ce Table 28. Mean concentrations for 6 nitrogen containing parameters for all
should be the focus of a | 5y poinsett in-lake sites 1993-94.

lake management project.

Between  the two [ ,q 0079 |00041 |011 |1978 |1900 |2.088
nutnents, mtrogen 18

much more difficult to | 4B 0082 00045 |o011 |1814 |1.732 |1.924
reduce since some species | 5g 0090 |00044 J011 |2041 |1951 |2153
of blue-green algae can

fix nitrogen (N, ) whenit | 5B 0087 |0.0055 |o011 |[1768 |1681 |1.878
18 in short supply. |es 0090 | 00036 }o0.11 |2069 }|1979 |2174
Therefore, since 6B 0082 [00032 [011 |1885 |1.803 |1.995
phosphorus is the key . : — ' " -

nutrient used to control
the severity of blue-green
algal blooms,
management decisions will be based on the amount of phosphorus entering the lake.
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Ammonia (NH,") concentrations ranged from 0.02 mg/l to 0.54 mg/l. The designated beneficial uses
assigned to Lake Poinsett do not have a specific criteria for ammonia. However, ammonia can be
taken up almost immediately by plants and blue-green algae. There were no significant differences
exhibited between depths or sites for ammonia which characterizes a very well-mixed lake. Maximum
concentrations for all sites were observed on the same day (8/15/94) and ranged from 0.52 to 0.54

mg/l.

Unionized ammonia (NH,OH) ranged up to a maximum value of 0.0329 mg/l which was measured
at site 4B. Beneficial use designation for Warmwater Semipermanent fish life propagation states that
un-ionized ammonia nitrogen may not exceed 0.04 mg/l (as N) with a variation allowed under
subdivision 74:03:02:32(2). In order for concentrations of un-ionized ammonia to increase, the pH
and water temperature must also increase. Although slight increases did occur, there were no
violations of the criteria specified by Lake Poinsett's beneficial use designations. Sites were very
similar in their concentrations of un-ionized ammonia and significant differences were not detected
using statistical analysis for, reasons discussed in previous sections.

Nitrate (NO,,,) were very similar between sites and depths and statistical analysis detected no
differences between them. Values ranged from 0.1 mg/l to the maximum value of 0.3 mg/l which was
measured at site 6B on 3/1/94. In fact, there were only 10 observations (total n = 120) which were
greater than 0.1 mg/l.  Peaks in nitrate concentrations may occur during snowfall or during snow
runoff,. Wetzel (1983) reported that snow can contain much higher levels of nitrogen than rain and
up to half of the nitrogen influx to a lake can be delivered during snowmelt runoff. However, in very
well oxygenated systems, as Lake Poinsett was during this investigation, most of the nitrogen
chemical species will not create high toxic levels of un-ionized ammonia which will cause problems
for the other aquatic life. Mean levels of nitrates were the same from each site both bottom and
surface (Table 28).

Total Kjeldahl Nitrogen (TKN-N) has no set standard or criteria used in defining critical levels.
However, TKN-N is used in determining organic nitrogen in each sample. Ammonia is subtracted
from TKN-N to arrive at the amount of organic nitrogen. As with the other nitrogen containing
parameters there were no significant differences between sites or depths (P>0.05). TKN-N would
be influenced by the amount of the other parameters (ammonia and organic nitrogen) and a direct
relationship would be observed between their respective concentrations. Means were very similar
resulting in no significant differences. The minimum mean was calculated from samples collected
from site 5B at 1.768 mg/l to the maximum mean observed from site 6S at 2.069 (Table 28). The
minimum and maximum values were 1.00 mg/l (site 4S ) to a maximum value of 5.06 mg/1 from site
6S.

Organic nitrogen is an estimate of how much nitrogen may be contained in biomass or organic
molecules. Calculated means were remarkably similar between sites and depths (Table 28). The
largest mean observed was recorded from site 6S (1.979 mg/l). The smallest mean was observed
from site 5B (1.681 mg/l).

71



Total nitrogen (TN) is an estimate of all the nitrogen found in a water sample. It is calculated by
summing the concentration of total Kjeldahl nitrogen (organic) and nitrate + nitrite in a water sample.
The ratio of in-lake total nitrogen (TN) to in-lake total phosphorus (TP) (TN:TP) can be used to
determine which of these two nutrients is more likely to limit the growth of algal populations. A ratio
of less than 10 to 1 (10:1) usually indicates that nitrogen is limiting the plant and algal growth in the
lake. The highest total nitrogen mean (2.174 mg/l) was calculated from samples collected at site 6s
(Table 28). Site SB exhibited the smallest mean at 1.878 mg/l (Table 28). However, no significant
differences were observed between sites or depths after statistical analysis was conducted (P>0.05).
The maximum value of TN observed during the project also occurred at site 6S with a concentration
of 5.16 mg/l on 9/22/93. Although the site 4S and 5S both exhibited increases in TN concentration
on this date they were considerably lower. The concentration of 5.16 mg/l was primarily in the form
of organic nitrogen (5.04 mg/l) due to the algal concentration at this site. Site 6S exhibited a much
higher chlorophyll-a concentration on 9/22/93 compared to the other two surface sites (site 6S -
135.83 mg/m’, site 5S - 112.71 mg/m’, site 48 - 62.14 mg/m®). The smallest value of 1.10 mg/l
occurred at site 4S approximately 1 month previous to the maximum concentration (8/31/93) (Table
28 and Appendix I).

Total Dissolved Phosphorus
Dissolved phosphorus (soluble reactive phosphorus) is that portion of phosphorus unattached to soil

particles or complexed in proteins in plant and animal material. Total dissolved phosphorus is the
non-particulate portion of the total phosphorus that is availabie for uptake by pianis and aigae.
Wetzel (1983) has reported that an estimated 0.02 mg/l of total phosphorus is necessary to initiate
nuisance blue-green algal blooms in addition to several other factors already discussed.

Table 29. Lake Poinsett In-
Total dissolved phosphorus ranged from a minimum concentration Lake Mean Total Dissolved and
of 0.013 mg/1 at Site 4 Bottom to maximum value of 0.18 mg/l Total Phosphorus
observed at Site 5 Bottom. However, statistical analysis detected no Concentrations 1993-94.
significant differences between site or depth samples (surface and
bottom) concentrations (P>0.05) (Table 29). The seasonal trends
for dissolved phosphorus indicate increased concentrations occurring | 4S | 0.056 0.086
at two periods; one in the spring of 1994 apd the other in late | 45 | 0051 0.109
summer of 1994 (Figure 25). The melt-water from snowfall in the
spring would result in increased phosphorus loadings to the lake |55 | 0.057 0.094
causing higher in-lake dissolved phosphorus concentrations. The {sg | 0.0s8 0.097
peak in concentrations for late summer may have been due to some ,
phosphorus transported from the tributaries. Samples collected 6S_ | 0058 0.112
from the tributaries during this time period exhibited elevated |6B | 0.052 0.098
dissolved phosphorus concentrations. All of these factors
contributed to the increased phosphorus concentrations in 1994. All
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Figure 25. Lake Poinsett In-Lake Total Dissolved
Phosphorus Concentrations vs Chlorophyll-a.

1993-94 Lake Poinsett Total Diss.

Figure 26. 1993-94 Lake Poinsett In-Lake Total
Phosphorus concentrations (mg/l) for 3 Surface Sites.
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minimum concentrations occurred in 1993
whereas all maximum concentrations occurred in
1994,

Figure 27. 1993-94 Lake Poinsett Average Surface
and Bottom In-Lake Total Dissoived Phosphorus
Percentage of Total Phosphorus.

80

Total phosphorus is comprised of both 80
particulate and nonparticulate fractions. Itis a 70
measurement of the overall concentration of all
the phosphorus within a water sample.
Increases in the in-lake phosphorus
concentrations can be caused by inputs from the
watershed, precipitation, and internal loading
from phosphorus released from the sediment
during anoxic conditions (lack of oxygen). 20 it A3 23 May 54 15 Aug
Mean concentrations for the project ranged from Date

0.0942 mg/1 at site 5S to 0.112 mg/] at site 68S. | = Bottom = Surface |

Total phosphorus concentrations were
statistically analyzed between all three sites and
between surface and bottom and no significant differences were detected (P>0.05). The maximum
concentration observed during the project occurred on September 20, 1994 (0.566 mg/]) at site 6
Surface. Minimum concentrations from all sites both surface and bottom ranged from 0.027 to 0.037
mg/l. All minimum concentrations occurred during the month of May, 1994, in comparison to the
maximum concentrations which occurred during July, August, and September of 1994 with the
exception of site 5 which occurred in July of 1993. Referring to Figure 7 pg 26 (total phosphorus
concentrations for the tributaries) where total phosphorus concentrations from site 6 Surface were
plotted with site 7 (Lake Albert Outlet) the trends are very similar indicating a possible influence of
site 7 loadings on the concentrations of in-lake site 6. There is a similar trend for site 2 and site 4
Surface (Figure 6, pg 26). As the tributaries (site 2 and 7) increase in concentrations so do the in-

TOP % of TP
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lake sites 4 and 6. The largest monthly loadings from site 7 occurred during July and August of
1993. There were also higher in-lake total phosphorus concentrations during these months. Seasonal
trends in the phosphorus data show the higher concentrations occurring during the more productive
periods of the year when higher loadings occurred (Figure 26).

The percentage of total dissolved phosphorus to total phosphorus is used to determine any trends
related to the overall export of phosphorus from areas that may have contributed more bioavailable
phosphorus. These trends are then related back to landuse to determine the cause of the increased
amounts of dissolved phosphorus. TDP/TP X 100 gives the percentage of the dissolved phosphorus.

The trends in Figure 25 and 27 indicate that less dissolved phosphorus (bioavailable) is available
during the months of June through September due to the increase in algal populations. This is
demonstrated by the increase in chlorophyll-a in (Figure 25).

Total Nitrogen to Total Phosphorus Ratio

Wetzel (1983) has stated that biomass or primary production (photosynthesis) is limited by the
availability of certain chemicals or factors that may exist in smaller amounts as compared to other
resources, such as nitrogen, which may go unused. This phenomenon can be applied to the overall
production of algal biomass and its immediate uptake of the available nitrogen and phosphorus. A
ratio of 10:1 is typically used to determine which is the limiting nutrient for the produciion of aigae

(EPA, 1990).

During the course of this investigation Lake
Poinsett maintained a phosphorus limitation

(Figure 28). Maximum values (average surface Figure 28. 1993-94 Lake Poinsett Total Nitrogen to

Total Phosphorus Ratios.

and bottom) for this ratio reached 44.4. In most
shallow prairie lakes the limiting agent for algal “
growth may be turbidity, which would affect
light transmissivity. This lack of light would then
slow or limit the growth of the blue green algae.
However, turbidity is not a problem on Lake
Poinsett (secchi depths > 6 feet). Algal blooms
may limit their own growth by limiting the
amount of light that penetrates to the lower level
of the algal bloom or mat. The limiting factor in

this lake is strongly dependent upon the amount Binds TeAwds 19-°§=$§‘9041May-94 TEAVTY I

of phosphorus available for uptake by blue-green
algae. However, this is based on current data.

[ Bottom & Surface |

Situations may change with improvements or
degradation within the watershed.

74



Chlorophyll-a

Chlorophyll-a is used as an estimate of the amount of algae found at the Table 30. 1993-94
surface of a lake and is expressed in milligrams per cubic meter (mg/m®) or Lake Poinsett Mean
micrograms per liter (ug/l) (EPA, 1990). Maximum values ranged from Chi-a values
141.6.g/1 to 317.9 ug/l collected from site 6 and site S, respectively. All
maximum chlorophyll-a occurred during the summer of 1994 (Figure 25).
Peak summer concentrations for typical eutrophic lakes usually range from
10 to 275 ug/l. Incidently, peak summer chlorophyll-a concentrations for | 4 626
oligotrophic lakes (lakes lacking nutrients) may range from 1.5 to 10.5 ug/l. 5 65.0
The mean concentrations for chlorophyll-a in Table 30 include chlorophyll-a
samples collected from March through September. Chlorophyll-a 6 459
concentrations that were collected during March, April, and May exhibited Avg | 608
extremely low levels thereby decreasing the overall mean chlorophyll-a
concentrations. However, mean chlorophyll-a concentrations with spring
chlorophyll-a used to derive the mean values still rank in the high eutrophic
range. The maximum value of 317.9 ug/l indicates a hypereutrophic (very productive) aquatic
ecosystem.

Trophic State
The trophic state of a lake is essentially an estimate of the nutritional state of the aquatic ecosystem.

Trophic classification ranges from a lake low in nutrients and organic matter which is classified as
oligotrophic, to a lake with excessive amounts

of nutrients and organic matter classified as

hypereutrophic. The South Dakota Watershed Table 31. Trophic State Criteria for Carison's Index

Protection Program currently uses Carlsons
Trophic State Index (TSI) to classify the lakes
as oligotrophic, mesotrophic, eutrophic, and TSI-TP »50 =65
hyp_ereutrf)p!lic. Cat:lsor.ls TSI uses three TSHZ,, 50 65
variables in its determination of trophic state:
(1total phosphorus (TP) concentrations, (2) [TS-Chl-a >S50 65

secchi disk (Zg,) depth, and (3) chlorophyll-a

(Chl-a) concentrations. Each one of these

variables is used in a specific equation to derive

an individual trophic classification. The equations used in this determination were presented in the
methods and materials sections on page 13 (Table 3). Each of the individual trophic classifications
are then combined for an average trophic state.” Summer values (June, July, and August) for total
phosphorus, secchi disk, and chlorophyll-a were used to calculate the overall trophic state for Lake
Poinsett (Figure 29).
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Lake Poinsett has exhibited a hypereutrophic
state for a large period of time. However, the
mean trophic state in June of 1979 was 48.3.
TSI values for secchi depth, chlorophyll-a, and
total phosphorus were 39.07, 33.14, and 72.61,
respectively. Algal blooms had not initiated
which would effect the secchi depth and
chlorophyll-a concentrations resulting in a
lower trophic state (Figure 28). In August of
1979, all TSI values for these parameters
increased which indicates a relationship
between these three variables. During the
project mean TSI values fluctuated between
eutrophic and hypereutrophic. However, there
were large volumes of water entering the lake

Figure 29. Historical and Present Trophic Status
Index for Lake Poinsett, Hamlin County.
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during 1993 and 1994 (see Figure 4 and 5 pg 23 ). This large volume of water may have diluted the
total phosphorus concentrations as well as decreasing the residence time in the lake for phosphorus
and water. A reduction in residence time essentially would have flushed the entire lake volume out
at a faster rate reducing the amount of time allowed for an algal bloom to initiate.

Chlorophyll-a / Total Phosphorus Relationship

Chlorophyll-a is a common indicator of algal
biomass. Blue-green algae (chlorophyll-a) are
dependent upon the concentration of total
phosphorus i.e. as total phosphorus increases

Figure 30. Regression analysis between summer
chiorophyli-a and In-Lake total phosphorus values for
Lake Poinsett, 1993-94.

1993-94 Lake Poinsett Chiorophyli-a
and Total Phosphate Relationship

so does the concentration of chlorophyll-a. To

determine how summer chlorophyll-a (mg/m®) 18 VA
values are effected by the concentration of | 183 . 7
summer  in-lake  total  phosphorus £13 A+
concentrations, a regression analysis was ER - J/
conducted between these two variables. This | 2 75 e ]
analysis revealed that there is a strong 6 2 R

relationship between summer total phosphorus ?% Zo

and chlorophyll-a (R*>=0.82, df<1, n=14) 1
(Figure 30). The relationship between these iy 0.82

. . . ~=1,n=14
two variables can be explained by Equation 1:

17 33 49 65 81 97 113129145161
IN-LAKE TPO4P (mg/m3)

|—Pred Chl-a = Actual Chl-a}

Log; Y =-4.456 +3.110(Log,(X)
{Equation 1}

where Y = chlorophyll-a concentrations and X = total phosphorus concentrations. The values of
total phosphorus used in this analysis ranged from 0.029 mg/l to 0.146 mg/l. Chlorophyll-a ranged
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from 0.960 mg/m’ to 179.18 mg/m* (Figure 30 and Appendix I). Application of this equation in
predicting chlorophyll-a concentrations using total phosphorus values should be kept within the range
of total phosphorus values given. Entire regression analysis and related values can be found in
Appendix I. Variability of chlorophyll-a concentrations are also dependent on several other factors
such as wind, photoperiod and water temperatures. This equation may be used to indicate potential
yield of chlorophyll-a based on the inlake total phosphorus concentration.

A regression analysis was also conducted on the total dissolved phosphorus to characterize its
relationship with chlorophyll-a. This analysis revealed an inverse relationship between dissolved
phosphorus and chlorophyll-a (R>=0.10). This demonstrates that dissolved phosphorus is taken up
quickly by the vegetation (algae) in the lake. This relationship is plotted on Figure 25, pg67.

Reduction Response Model

In-lake total phosphorus concentrations are a function of the total phosphorus load delivered to the
lake via the watershed through surface water, groundwater and atmospheric inputs. Vollenweider
and Kerekes (1980) developed a mathematical relationship which assumed steady state conditions
(change in one direction is balanced by change in another). The variables used in this relationship are
(1) the in-lake total phosphorus concentrations, (2) the average inflow concentrations, (3) the average
residence time of total phosphorus within the lake before it is exported out of the lake, and (4) the
hydraulic residence time of the lake or the amount of time required to theoretically completely
replace the volume of water contained within the lake. Each of these variables could potentially have
an impact on the average in-lake phosphorus concentration and, in turn, effect the quantity of blue-
green algae present in the lake at any specific time. The relationship between these four variables is
as follows:

IP), = average total lake concentration

[Pl~ average inflow concentration of total phosphorus
_7_',, = average residence time of phosphorus

T, = average residence time of water

Data collected during the Phase I investigation of Lake Poinsett provided estimates for P, 1P, and
T.. Inorder to determine the residence time of phosphorus (7 ), it is necessary to back calculate

Equation 2 below and solve for Tp forming Equation 3:
— (T) — {Equation 2}
PI==1A
P o

T p)'@(?w) {Equation 3}
A,

Values for ﬁ, A, and T, were determined in the following manner:

71



Water samples collected from Station 2 (Stonebridge) and Station 7 (Qutlet of Lake Albert) over the
duration of project period (1993-94) were averaged to produce an average inflow total phosphorus
concentration ([P])) of 0.1713 mg/l (n=32). All in-lake samples for both surface and bottom were
used to determine the average in-lake total phosphorus concentration ({Pl,) of 0.1240 mg/l.

Hydraulic residence time (7'.,) was calculated by dividing the total volume of Lake Poinsett (74,746
acre-feet) by the total volume discharged in a 12 month period (136,749.3 acre-feet).

LakeVolume(acre-feef)
¥ MeanOutflow(acre-ftiyr)

T, =74746/136749.3 = 0.5466 year.

By putting the numbers discussed above into Equation 3 the total phosphorus residence time (7’,)
would be: _
T, =[0.1240/0.1713] x [0.5466] = 0.3958 years

~ Final values for all variables are:
Pl = 0.1240 mgn
(P, = 0.1713 mg/
T, =03958yrs
Ty = 0.5466 yrs

To estimate the effect that a reduction of inflow total phosphorus ([P],) would have on the in-lake
total phosphorus concentrations and the potential impact on chlorophyll-a (blue-green algal
production), equations 1 and 2 can now be used. The results of a 10%, 20%, 30%, 40%, and 50%
reduction of the inflowing total phosphorus ({P],) value of 0.1713 mg/l can be found in Figure 31
and Table 32. A 10% reduction in the inflow total phosphorus has the potential of reducing the
standing crop of algae from 773.77 tons to 557.55 tons (27.9% reduction).

As seen in Figure 32, Skille (1971) reported a considerably higher concentration of in-flow total
phosphorus concentration than that which is recorded from this project (0.780 mg/l - 1971 to0 0.171
mg/l- 1994). As discussed previously, Skille (1971) also reported that 63% of the total phosphorus
load delivered to Lake Poinsett originated from the Big Sioux River through the Boswell Diversion.
This higher total phosphorus load and longer total water residence time resulted in a longer residence
time for the in-lake total phosphorus (0.3 years - 1993-94 to 2.06 years - 1970-71).

Lake Poinsett has fluctuated between a hypereutrophic state and eutrophic state. Although it is

impossible to completely eliminate blue-green algal blooms, the duration and intensity of these blooms
can be reduced allowing the full beneficial use of Lake Poinsett to be attained.
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Table 32. Estimated effect of a reduction of total phosphorus inflow on inlake total phosphorus
concentration and algal biomass for Lake Poinsett using Vollenweider and Kerekes Reduction Response

Model (1980).
% TPO,P TPOP TPOP TPO,P | LOG OF | PREDICTED | Algal Algal
REDUCTION | INFLOW | INLAKE | INLAKE | TPO,P Chl-a' Biomass®? | Biomass®
FOR (mgh) (mgh) (mg/md | (mg/m®) | (mg/m?) kg/acre- (Tons)
INFLOW foot .
Average 0.17125 | 0.1240 124.0 2.0934 113.601 9.3896 773.77
10% 0.15413 | 0.1116 1116 2.0477 81.856 6.7658 §57.55
20% 0.1370 0.0992 99.20 1.9965 56.746 4.6903 386.52
30% 0.1199 0.0868 86.80 1.9385 37.457 3.0961 255.14
40% 0.0744 0.0744 7440 1.8716 23.190 1.9168 157.96
50% 0.0620 0.0620 62.00 1.7924 13.153 1.0871 89.59 -

1 = Predicted Chl-a was determined using equation 1 and Log of TPO,P (in-lake). 1000 1= 1 m°.

2 = Algal biomass was determined by muitiplying predicted chiorophyll-a (mg/m®) by 67 (EPA Method
1002 H.1, EPA Water and Wastewater Methods, 1984) and converting mg/m® to kg/acre-foot.

3= Kglacre-foot was converted to Ibs/acre-foot. This value was then multiplied by the volume of Lake
Poinsett (74,746 acre-feet) cancelling acre-feet leaving an estimate for algal standing crop. Lbs

were converted to tons.

Figure 31. Estimated impact of an inflow total
phosphorus reduction on the in-lake total phosphorus
concentration for Lake Poinsett 1993-94.

Estimated Total Phosphorus Reduction
Vollenweider and Kerekes, 1980.
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Figure 32. Estimated impact of an inflow total
phosphorus reduction on the in-iake total phosphorus
concentration for Lake Poinsett, 1970-71. Data
collected by Skille, 1971.
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QUALITY ASSURANCE/QUALITY CONTROL

Quality assurance and quality control samples are collected to determine and maintain the accuracy
and precision of the sampling protocols and scientific instruments used in collection of all scientific
data. Approved QA/QC procedures were used on all sampling and field data collection on the Lake
Poinsett Project. These procedures are outlined in the South Dakota Clean Lakes Program Standard
Operating Procedures manual. Please refer to this manual for further discussion of sampling

protocols.

Table 33 shows the results of the QA/QC sampling. Duplicate and blank samples were taken after

every 10th regular water sample was collected. At the beginning of the project two sites were

established as regular QA/QC sampling stations: 1) In-lake station 4 Bottom - north central bay, and
2) Tributary station 7 - outlet of Lake Albert.

Duplicate samples were taken at each QA/QC station to determine the variability in the sampling
procedure and sample site. To determine percent difference between the duplicate sample and the
regular water sample the following calculation was used:

[ (MaximumValue)-(MinimumValue) 14100

(MaximumValue)

Larger percent differences were observed between samples with smaiier concentrations wiiere ihe
concentrations actually approached detection limits of the laboratory equipment. Larger variability
was observed between nitrogen and phosphorus duplicate samples in comparison to other parameters
such as total alkalinity and total solids, which typically have larger concentrations (>100 mg/l) (Table
33). All duplicate samples can be located in Appendix I.

Blank samples using distilled water were taken to determine the cleanliness of the sampling equipment
and sampling procedures (EPA, 1990). Blank samples taken throughout the project were at or below
the detection limits of the laboratory equipment with few exceptions. When phosphorus or nitrogen
concentration were detected in the blank samples, cleaning procedures were reevaluated. However,
this was not a problem during the investigation (Table 31).

Based on the QA/QC results the quality of data collected during this project is within an acceptable
range of accuracy.
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CONCLUSION




CONCLUSIONS

In 1929, the Boswell Diversion was constructed to divert water from the Big Sioux River into Dry
Lake and Lake Poinsett. In addition to the 292,197 acre (118,522 ha) watershed, the Boswell
Diversion increased the contributing watershed by an estimated 470,000 acres (190,209 ha). This
addition to the Lake Poinsett watershed increased the amount of area contributing nutrients and
sediment to the lake.

The Boswell Diversion was modified in 1955, increasing its maximum capacity from 500 cubic feet
per second (cfs) to 1500 cfs. The natural outlet of Lake Poinsett (Figure 2) was modified and a
control structure was built to prevent the backflow of water from the Big Sioux River into Lake
Poinsett. This outlet was completed in 1989 and was closed during the 1993 flooding conditions to
prevent the nutrient laden Big Sioux River water from entering Lake Poinsett. The Boswell

‘Diversion was not opened during the course of the investigation. However, seepage does take place

and during the 1993 flood and estimated 604 acre-feet of water was discharged from this site carrying
337.8 Ibs of phosphorus to Dry Lake.

The data collected during the Phase I Diagnostic/Feasibility study indicates that Lake Poinsett is a
hypereutrophic lake which is near eutrophic conditions. This trophic state is driven by phosphorus
loadings delivered to Lake Poinsett from the Lake Albert system and Stonebridge. The limiting
nutrient throughout the investigation within the Lake Poinsett system was determined to be
phosphorus. The Lake Albert drainage provided an estimated 49,253 Ibs of total phosphorus
(73.2% of the total phosphorus loadings) in comparison to the Stonebridge station which provided
16,047.75 Ibs of total phosphorus (23.9% of the total phosphorus loadings). The mean concentration
of total phosphorus from Lake Albert (0.177 mg/l) was also higher than the mean recorded from
Stonebridge (0.165 mg/l). Lake Poinsett accumulated an estimated 28,411 Ibs of phosphorus during
the investigation.

Two stations were monitored within the Lake Albert drainage. Station 8 (outlet of Lake St. Johns)
provided 48,904.6 Ibs of phosphorus (68.7% of total phosphorus delivered to Lake Albert) to Lake
Albert in comparison to Station 9(Lake Thisted Creek) which provided 21,337.56 Ibs of phosphorus
(30% of the total phosphorus load) to Lake Albert. The mean concentration of total phosphorus
recorded at Station 9 was much higher than any other monitoring station during the course of the
investigation. These high concentrations were also accompanied with high fecal coliform counts,
total suspended solid and ammonia concentrations indicating the presence of livestock. Lake Albert
trapped an estimated 21,891.2 Ibs of phosphorus which remained in Albert and was not transported
to Lake Poinsett.

The Big Sioux River total phosphorus load was much larger than any of the tributaries monitored
during the Phase I investigation. Total phosphorus concentrations collected from the 106 Fixed
Ambient Monitoring program for the Big Sioux River indicated that mean concentrations at the
Watertown and Brookings stations were 0.306 mg/l and 0.269 mg/l, respectively. These
concentrations were higher than those recorded from any other monitoring station within the Lake
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Poinsett watershed with the exception of the Thisted Site (Site 9). Based on these concentrations,
the total phosphorus load carried by the Big Sioux River was 179,345.9 Ibs and 170,652.2 Ibs for the
Watertown and Brookings stations, respectively. The Big Sioux River carried almost 3.5 times as
much phosphorus as the Lake Albert outlet did during the study period. However, the diversion
gates were not opened during the project. To determine the potential phosphorus loadings from
the Big Sioux River via the Boswell diversion if the gates had been opened, an estimate of
phosphorus loadings for 3 months in 1994 from the Boswell Diversion was calculated. This estimate
revealed that the diversion would carry 16 tons of phosphorus to Dry Lake in comparison to only 6
tons delivered to Lake Poinsett from the Lake Albert Qutlet for the same time period.

The watershed of Lake Poinsett consists of 55.01% cropland, 14.92% pasture, and 14.58% water,
respectively. An estimated 6.02% of the total watershed consists of highly erodible lands (HEL). The
remaining watershed consists of the Conservation Reserve Program (CRP), farmstead, transportation,
wildlife areas, and low density population areas.

The Agricultural Nonpoint Source (AGNPS) computer model was used to determine the areas of
potential nutrient and sediment yield for 96,920 acres of the Lake Poinsett and Lake Albert
subwatersheds. AGNPS revealed that sediment and nutrient loadings to Lake Poinsett are low in
comparison to other lakes in eastern South Dakota. AGNPS analysis identified several critical areas
in the Thisted monitoring station and north of Dry Lake that are potentially delivering excessive
amounts of sediment (10.6% watershed area, 20.9% of total sediment) and nutrients (11.0%
watershed area, 17.6% total nitrogen, and 18.4% total phosphorus) to Lake Poinsett, in agreement
with the tributary water quality/loading results.

Feedlots identified in this 96,920 acre area were ranked by AGNPS. A ranking of 100 indicates that
the feedlot would be contributing extremely excessive levels of nutrients to the watershed. Two
feedlots ranked above 40, indicating they appear to be contributing excessive levels of nutrients to
the watershed. In addition to these 2, 3 more feedlots were identified as potentially delivering
moderate to high levels of nutrients and should also be considered for treatment. Locations of
critical cells in the watershed for implementation of Best Management Practices are identified in the
AGNPS report for the Lake Poinsett Watershed. AGNPS should be conducted on the remaining
watershed area to determine high nutrient and sediment yielding areas to Marsh Lake, Lake Norden,
and Lake St. John.

In addition to the direct inputs of phosphorus from the Lake Albert and Stonebridge stations, an
estimated 628.1 to 1884.33 Ibs of phosphorus is potentially delivered to Lake Poinsett through
failing onsite wastewater disposal systems (septic systems). Of the 622 residents located around Lake
Poinsett, only 153 actual cabins or businesses are connected to a centralized sanitary sewer system.
This leaves 469 cabins that are providing this estimated load of phosphorus to Lake Poinsett.

Although Lake Poinsett is hypereutrophic, there is not a problem with sedimentation. A sediment

survey conducted during October/November of 1994 revealed that there only an estimated 8,969,037
yds®. This equates to approximately 8.5 inches of sediment covering the entire surface area (7,868
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acres) of Lake Poinsett. Most of the sediment is located within the northern half of the lake. This
indicates the influence of the Lake Albert outlet and the Stonebridge areas. Based on the results
of the survey there is not enough sediment in Lake Poinsett to warrant an extensive sediment
removal project. However, the Dry Lake/Stonebridge area should be considered for a sediment
survey to determine the volume of sediment contained within the extreme southern half of Dry Lake.

" This information would determine i€ a sediment removal project is warranted in Dry Lake. Removal

of sediment could reduce discharge rates of the phosphorus laden sediment from Dry Lake into Lake
Poinsett.

An aquatic plant survey was also conducted on Lake Poinsett in August-1994. This survey revealed
that Lake Poinsett has very little to no submergent and emergent aquatic vegetation. This is primarily
a result of the substrate and the attenuating light conditions caused by severe blue-green algal blooms.
A reduction in the length and duration of these blooms may allow an aquatic plant foothold. These
plants will aid in the reduction of in-lake phosphorus concentrations as well as provide sheltered
areas for fish and waterfowl.

The severe blue-green algal problems are limited to the amount of phosphorus available within Lake
Poinsett as was indicated by the relationship between in-lake total phosphorus and chlorophyll-a
concentrations. A reductions in phosphorus loadings from the various sources identified within this
report could have a significant impact on these algal blooms. After using the Vollenweider and
Kerekes method to determine the relationship between inflow and in-lake total phosphorus
concentrations, it was revealed that an estimated 40% reduction in the total inflow phosphorus
concentrations would reduce the algal biomass (standing crop) from 773.77 tons to an estimated
157.7 tons.
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RESTORATION ALTERNATIVES

Specific areas or critical cells of potentially high yielding areas of nutrients and sediments are
addressed in the document produced from the Agricultural Nonpoint Source (AGNPS) computer
model. This document can be used to determine which cells or area within each subwatershed are
in need of conservation measures. Based on the data collected with AGNPS and the Phase I
Diagnostic/Feasibility study, the following activities are suggested to reduce the phosphorus and
sediment loadings to Lake Poinsett.

1.

Continuing efforts should be made to secure funding for an expansion of the centralized
sanitary sewer system on Lake Poinsett. This is a direct input of phosphorus to the lake which
can be immediately reduced. However, until this is obtained, on-site septic systems should
be examined to determine their condition. Upgrading or improving failing septic systems will
aid in the reduction of phosphorus loadings.

Reduce the use of lawn fertilizers on areas adjacent close to the shoreline. Every reduction
in the availability of phosphorus that is delivered to the lake will aid in the reduction of blue-
green algal blooms. Continuing education in the use of lawn fertilizers and the use of
phosphorus laden detergent needs to take place for individuals living near or on the lake.

To maintain or improve the quality of water in Lake Poinsett it is necessary to decrease inputs
of phosphorus. Phosphorus loadings provided to Lake Poinsett via the Boswell Diversion
can also be eliminated. As discussed in previous sections, the Big Sioux River carried almost
3.5 times as much phosphorus as did the Lake Albert outlet. If opened, the diversion could
deliver a tremendous amount of phosphorus to the lake. Phosphorus has the potential of
spending a significant amount time within the Lake Poinsett system before being flushed out.
The residence time is dependent upon the volume of water entering and leaving Lake Poinsett.
The phosphorus residence time in the lake was estimated to be 0.3958 years based on data
collected during this investigation. Using Skille's data collected in 1970 and 1971 the
phosphorus residence time in the lake was 2.06 years. This data suggests that phosphorus
could be assimilated by blue-green algae even 2 years after it has entered the lake. Therefore,
it is necessary to control or eliminate the Boswell input since it can provide a tremendous
phosphorus loading to Lake Poinsett. As stated previously, Skille (1971) determined that
63% of the phosphorus delivered to Lake Poinsett came through the Boswell Diversion.

Closure of the Lake Poinsett outlet during periods of reverse-flow from the Big Sioux River
must also be continued for the same reasons stated in item 3.

A total of 11 feedlots were identified in the 96,920 acres analyzed with AGNPS. Of
these, 5 were given rankings of greater than 30 by the AGNPS computer program.

Animal waste management systems should be considered for these S feedlots and, if funding
is available, the remaining 6 should also be considered. In addition to these 11 feedlots
another 103 feeding areas were located outside of this 96,920 acres (within the remaining
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10.

11

12.

13.

14.

watershed). All of these feeding areas contained greater than 10 animal units. These should
also be examined with AGNPS to determine their status. To ensure proper disposal of
wastes, follow-up monitoring should be considered.

The following Best Management Practices were identified by the District Conservationists
within Brookings, Kingsbury, and Hamlin Counties as being the most salable to individual
operators within the watershed:

a. Vegetative Buffer Strips

b. Riparian Area Management

c. Residue Management

d. Critical Area Grass Seedings.

e. Filter strips (strips of permanent vegetation 1.0 to 1.5 chains wide on either side of
seasonal or permanent linear flows).

AGNPS also identified several critical areas of high nutrient and sediment yield between the
outlet of Lake Thisted and Lake Albert (see AGNPS final report for specific areas). Water
quality data also indicated this area as critical. BMPs identified in item 6 should be used in

this area to reduce the nutrient and sediment loadings.

Another priority area identified by AGNPS was located in the upper part of the Dry Lake
subwatershed (see AGNPS final report for specific areas). BMPs identified in item 6 should
also be used in this area to reduce the nutrient and sediment loadings to Dry Lake.

Complete AGNPS on the remaining watershed to identify other priority areas which may
effect Marsh Lake, Lake Norden, and Lake St. John.

Continued rough fish removal from Lake Albert and Lake Poinsett should be encouraged.
This will aid in the enhancement of the game fishery and may permit some submergent
vegetation growth. Removal of rough fish will have an impact on the water quality of Lake
Poinsett.

To further determine potential areas of nonpoint source pollution a Phase I
Diagnostic/Feasibility Study should be undertaken for Lake Norden in Hamlin County. Lake
Poinsett would benefit from the improvement of water quality discharged from this lake.
Selective dredging on Dry Lake.

Continued use of the CRP program.

Construction of small ponds/check dams on the creek between the Lake Thisted outlet and

Lake Albert Creek to reduce the velocity of the water. This will prevent some phosphorus
laden sediment from entering Lake Albert.
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15.  Appropriate measures should be taken to prevent further degradation of those shoreline areas
identified as highly erodible (severe) in the survey. The shoreline should be continuously
monitored to identify other areas that may become susceptible to erosion.
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APPENDIX I:

The following tables contain the raw water quality data for each monitoring stations (sites 1-9).
This includes all in-lake samples, both surface and bottom, and samples collected from the Big
Sioux River (Watertown and Brookings). The Big Sioux River water quality data was collected
and funded through the EPA Section 106 Fixed Ambient Monitoring Program. Each table
contains the following:

1. Concentrations from all chemical and biological parameters and the results from all
other physical measurements for each date that a sample was collected.

2. A set of descriptive statistics for data collected at each site during the project period.
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APPENDIX I

Chlorophyll-a concentrations (mg/m®) were composite samples from three in-lake sites (sites 4, 5,
and 6) during June and July of 1993. After this period, a separate sample was collected from each
site. Chlorophyll-a was collected from the surface sites only. The uncorrected and corrected sites
used in the following table refer to the concentrations of pheophytin in each sample. Pheophytin
is degradation product of chlorophyll-a. During subsequent analysis of the chlorophyll-a sample
in the lab, the concentration of pheophytin must be determined so that it can be subtracted from
the overall chlorophyll-a concentration. The corrected chlorophyll-a concentrations were used
with Carlson's Trophic Status Index and to determine the relationship chlorophyll-a has with total

phosphorus.



Chlorophyll-a Concentrations

PROJECT NAME:
Poinsett Phase | (1993-94)
Uncorrected Corrected

Sample |Sites Sites

Date 4 5 6{AVG 4 5 6|AVG
06/15/93 Composite 9.38 Composite 2.89
06/30/93 Composite 17.42 Composite 11.56
06/30/93 Composite 18.76 Composite 17.34
07/20/93 Composite | 284.75 Composite |249.985
08/04/93| 213.06] 151.42 136.681167.053) 187.85]131.495 118.49]145.945
08/16/93| 83.75] 77.72 40.2167.2233] 73.695| 69.36 34.68| 59.245
08/31/83[| 91.12{ 104.52 77.721 91.12{ 78.03{ 91.035 66.47]78.5117
09/22/93|| 69.68] 125.96 160.13] 118.59§ 62.135| 112.71 135.83}103.558
09/22/93 162.14|Duplic 138.72{Duplic
03/01/94 0] -1.34 0] -0.4467 0f -2.89 0} -0.963
05/04/94 5.36 5.36 2.6814.46667 5.78 2.89 0 2.89
05/23/94 2.68 1.34 4.02 2.68 2.89 0] 2.0053E-14} 0.9633
06/13/S4 36.i8] 25.46 12.06124.5667 34.68121.675 11.56;22.638
06/29/94 93.8f 37.52 136.6889.3333] 89.59| 34.68 141.61| 88.627
07/13/94( 202.34| 325.62 18.761 182.24f 202.3| 3179 17.34|179.18
07/25/94) 37.52{ 25.46 36.18{33.0533}f 34.68| 26.01 34.68] 31.79
08/15/94 6.7] 29.48 32.16] 22.78 2.89 28.9 33.235] 21.675
09/20/94) 41.54 9.38 6.70119.2067}139.015| 11.56 2.89]17.822




APPENDIX I:

The following table contains the raw quality assurance/quality control (QA/QC) sample data for
Lake Poinsett collected during 1993 and 1994. Sites for QA/QC monitoring were in-lake bottom
site 4 and tributary site 7 (Lake Albert). Blank and duplicate samples were collected from each of
these sites every 10th sample. The percent difference between duplicate samples was discussed in
the QA/QC section of the report on page 80. Please refer to this section for further explanation
of these sampling results.
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APPENDIX I

The following tables contain the monthly loading data (kilograms/month) and the percent of the
total loadings for each month, 1993-94. The loadings from each site were calculated from the
water quality and stage/discharge data collected from each monitoring station. This includes the
Big Sioux River monitoring stations (Watertown and Brookings). Included in each table are
monthly loadings for the following paramters:

water total alkalinity

total solids total dissolved solids
total suspended solids ammonia

unionized ammonia nitrates

total Kjeldahl nitrogen organic nitrogen
total nitrogen total phosphorus

total dissolved phosphorus

Orthophosphorus instead of total dissolved phosphorus was collected from the Big Sioux River
monitoring stations (Watertown and Brookings).
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APPENDIX I

The following tables contain the average daily stages (feet) and average daily discharges (cubic
feet per second or cfs) for each monitoring station including the USGS gaging station at
Castlewood. These stages and discharges were those used to calculate the average daily and
monthly loadings for each tributary site. As discussed previously the average daily discharge for
each site was calculated through regression analysis between stage (depth) and instantaneous
discharge measurements (cfs). Omnidata Datapod II dataloggers were used to collect the daily
stages at each monitoring station.

Also contained in the following tables are the periodic measurements of the lake elevation at site 3
(outlet) and the lake elevation measured at the well near Pier 81 (Pier 81 elev) on the west side of
the lake. These two measurements were used to aid in the determination of the discharge from
site 3 (outlet of Lake Poinsett).



UsGSs

Site 1 Site 2 Site 3 Site 3 Pier81 Site 7 Site 8 Site 9 Castlewood
Boswell DrylakeSouth Outlet Albert StJonsOutlet Thisted Gaging
Avg Avg Avg Avg Avg  Avg Outlet Avg Avg Avg Avg Avg Avg Avg
Daily Daily Daily Daily Daily  Daily msl Well Daily Daily Daily Daily Daily Daily Daily
Date Stage (t) CFS Stage CFS Stage CFS Elev Elev Stage CFS Stage CFS Stage CFS CFS
06/01/93 144
06/02/93 493 149
06/03/93 4.93 146
06/04/93 493 4.09 157.56 445 100.14 578 22460 4.45 2354 143
06/05/93 493 4.08 157.56 445 9997 1399 60725 4.45 23.49 138
06/06/93 493 4.04 157.56 442 9894 1577 64191 442 2315 136
06/07/93 493 402 157.56 448 101.22 10.73 48938 4.48 23.88 123
06/08/93 472 493 4.02 157.56 6.31  194.12 445 10014 305 107.83 445 2354 127
06/09/93 4.48 493 4.01 288.59 6.22 180.55 165210 442 8918 298 105.t11 442 23.23 156
06/10/93 4,54 493 401 142.54 6.18 189.12 442 99.18 297 10460 442 2323 142
06711193 4.53 7.80 397 -3.51 6.16 188.18 4.41 88.61 2.83 10283 4.41 23.04 135
06/12/93 4.47 742 394 95.51 6.13 186.95 442 9898 291 10219 442 23.16 128
06/13/93 4.44 742 395 95.51 6.20 189.91 444 9964 294 103.24 444 2338 126
06/14/93 4.44 742 3986 95.51 6.22 180.35 4.41 98.73 329 11745 441 23.08 124
06/15/93 4.49 742 3388 95.51 6.14 187.29 444 9976 366 13281 444 2342 109
06/16/93 4.50 742 398 95.51 6.26 191.98 454 10311 379 13844 454 2447 100
06/17/93 4.45 7.04 407 194.53 832 194.66 459 10523 392 14362 459 25.10 116
06/18/93 451 049 4.14 60.22 6.37 196.50 467 108.46 4.04 14888 467 26.01 141
06/19/93 4.85 419 425 12.62 6.45 201.39 478 11337 423 15686 478 27.31 214
06/20/93 4.95 419 43 12.62 6.56 203.90 484 11598 440 16426 484 27.96 366
06/21/93 5.00 419 435 -34.98 6.59 205.36 491 11968 458 17164 491 2885 395
06/22/93 4.88 419 433 ~120.25 6.61 206.21 499 12362 481 18171 499 2975 271
06/23/93 4.89 789 4.4 99.56 6.66 207.98 508 12877 491 186.21 5.08 30.87 256
06/24/93 4.99 9.08 4.45 -44.05 6.74 211.16 165331 513 13219 508 19360 513 3159 265
06/25/93 5.03 9.08 4.45 -187.67 6.75 211.61 516 13408 521 19889 516 3197 279
06/26/93 4.93 9.08 4.45 -117.53 6.71 210.20 5§19 13553 552 21283 519 32.26 256
08/27/93 488 908 445 ~110.98 6.68 209.04 522 138.00 555 21416 522 3274 213
06/28/93 4.86 8.08 444 -104.43 6.67 208.53 625 139.78 555 21416 525 33.08 i85
06/29/93 5.02 9.08 4.47 331.02 6.73 210.80 534 14616 582 217.20 534 34.27 189
. 06/30/93 5.33 9.08 463 119.33° 6.90 217.81 1653.72 551 15942 S5.78 22484 551 3654 283
07/01/93 5.40 9.08 4.69 -92.36 6.99 221.33 555 163.05 583 227.19 555 37.13 350
07/02/93 530 10.26 479 +142.50 7.06 22451 567 17374 581 23178 567 3877 442
07/03/93 544 1091 476 -158.94 7.16 22857 578 18467 6.02 23720 578 4447 412
07/04/93 582 1091 520 -158.94 7.31 234.82 696 20440 6.18 246.01 596 56.45 512
07/05/93 582 1091 545 -175.39 7.39 237.88 602 21171 6.19 24648 602 61.38 589
07/06/93 5§76 1155 553 -11.51 7.42 239.18 6.07 218.06 6.23 24844 6.07 6585 500
07/07/93 575 1321 558 -25.24 7.45 240.69 1654.00 6.14 22858 627 25053 6.14 73.74 384
07/08/93 582 1321 564 -158.94 751 243.04 6.21 23848 631 25276 6.21 81.69 359
07/09/93 5§88 1486 571 -38.96 7.56 24513 1654.05 624 24289 630 252.22 6.24 8541 357
07/10/93 6.03 7.43 572 -49.41 7.56 246.13 626 24589 633 25384 626 87.99 345
07/11/93 6.05 743 575 -49.41 7.62 247,65 6.28 24798 6.23 24864 628 8982 327
07112193 6.19 5.79 -59.86 7.62 247.54 630 25163 623 24877 630 93.09 310
07/13/93 6.19 §.79 -29.08 7.63 248.12 6.31 253.00 6.16 24507 631 9433 299
07/14/93 6.20 5.84 -28.74 7.65 248.80 630 25163 6.07 24008 630 93.09 298
07/15/93 6.25 5.85 -131.46 7.66 24938 6.30 25202 610 24159 630 9344 291
07/16/93 6.28 5.87 -131.46 7.68 250.06 624 24270 6.01 23694 624 8525 286
07/17/93 6.29 5.91 -131.46 7.72 25180 626 24532 601 23680 626 87.50 312
07/18/93 6.32 5.94 -131.46 775 25296 6.27 24608 596 234.02 6.27 88.16 354
07/19/93 6.27 595 -131.46 7.79 25459 165447 629 25028 585 22856 6.29 91.87 393
07/20/93 6.24 6.01 -131.46 7.78 254.43 6.26 24589 584 22765 626 87.99 356
07/21/93 6.22 5.96 -131.46 7.77 253.80 625 24401 576 22354 625 86.37 324
07/22/93 6.30 6.01 -131.46 7.76 253.32 621 23757 575 22341 621 8094 305
07/23/93 6.31 5.98 -234.47 7.76 253.54 615 22875 571 22124 6.15 7387 303
07/24/93 6.32 5.96 -69.07 7.78 25433 6.10 22316 568 21991 6.10 69.60 308
07/25/93 6.30 6.05 -69.07 7.91 25967 6.18 23311 556 21449 6.18 77.31 562
07126193 6.31 6.14 96.04 7.94 261.21 165447 6.18 23399 557 21504 6.18 78.02 899
07/27/93 6.57 6.14 108.67 8.02 26450 6.26 24551 567 219.13 626 87.66 757
07/28/93 6.45 6.15 123.30 7.99 263.33 6.25 24308 536 20557 625 8557 560
07/29/93 6.34 6.16 -43.55 796 261.90 165457 6.23 24049 540 207.39 6.23 83.37 51
07/30/93 6.41 6.15 81.23 7.94 260.99 6.24 24233 553 21317 6.24 8493 490
07/31/93 6.40 6.03 14.45 7.96 262.16 6.26 24457 377 13760 6.26 8685 487
08/01/93 6.51 6.08 14.45 7.98 26296 6.23 24012 4141 15167 6.23 83.06 488
08/02/93 6.32 6.05 -52.33 7.94 26110 1654.72 6.13 22619 4389 18523 6.13 71.89 489
08/03/93 6.27 6.02 184.08 791 25967 606 21758 448 167.68 6.06 6550 485
08/04/93 6.25 5.98 110.31 7.87 258.34 1654.72 6.04 21486 861 16472 6.04 63.56 477
08/05/93 6.21 5.95 110.31 7.84 256.76 597 20635 851 15897 6597 65773 471
08/06/93 6.17 5.93 110.31 7.81 255.65 165464 598 207.71 -853 159.89 598 58.64 457
08/07/93 6.17 5.90 110.31 7.77 254.01 590 19800 841 15341 590 5236 445
08/08/93 6.19 5.87 110.31 7.75 252.96 586 19392 835 15073 586 4986 432



USGS

Site 1 Site 2 Site 3 Site 3 Pier81  Site 7 Site 8 Site 9 Castlewood
Boswell DrylakeSouth Outlet Albert StJonsQutlet Thisted Gaging
Avg Avg Avg Avg Avg Avg Outlet Avg Avg Avg Avg Avg Avg Avg
Daily Daily  Daily Daily Daily  Daily msl Well Daily Daily Daity Daily Daily Daily Daily
Date Stage (f) CFS Stage CFS Stage CFS Elev Elev Stage CFS Stage CFS Stage CFS CFS
08/09/93 6.28 5.82 110.31 7.72 25190 1654.56 583 189.69 830 147.96 583 47.34 418
08/10/93 6.28 5.79 36.54 769 250.64 1654.47 581 187.95 827 146.84 581 46.33 402
08/11/93 6.26 5.77 -167.93 766 249.17 578 18454 823 14463 578 4440 384
08/12/93 6.18 574 253.96 7.62 24765 575 18198 819 14298 575 4297 372
08/13/93 6.16 5.70 211.45 759 246.28 572 178.35 8.14 14067 572 41.01 358
08/14/193 6.21 5.79 211.45 772 25195 165447 583 19063 831 14858 583 47.90 390
08/15/93 6.32 5.86 21145 776 25359 593 20190 846 156.00 593 54.82 512
08/16/93 6.32 5.85 211.45 776 25343 595 20411 849 15747 595 56.25 547
08/17/93 6.34 5.85 168.95 7.76  253.32 165464 596 20500 859 163.10 596 56.84 434
08/18/93 6.33 5.85 263.69 774 252.85 597 20665 867 167.80 597 57.93 383
08/19/93 6.31 5.83 -136.48 7.73 25211 599 208.17 875 17294 599 58.95 356
08/20/93 6.28 5.81 -47.76 7.70 250.90 6.00 20985 8.80 17644 6.00 60.09 337
08/21/93 6.29 5.80 -47.76 7.67 249.80 6.01 21109 885 179.81 6.01 6093 321
08/22/93 6.27 578 -47.76 765 248.96 6.01 21047 885 179.81 6.01 60.51 308
08/23/93 6.24 5.74 -47.76 7.37 237.00 598 20680 882 17736 598 5803 298
08/24/93 6.19 572 40.95 248.59 1654.39 596 20485 877 17407 596 56.74 288
08/25/93 6.20 5.70 -15.48 248.60 595 20322 864 166.15 595 55.68 276
08/26/93 5.96 5.66 -15.48 243.80 592 19972 864 166.07 592 53.44 268
08/27/93 5.85 5.64 -15.48 241.64 589 19658 864 16630 589 51.48 260
08/28/93 5.85 5.61 -15.48 240.98 587 19434 861 16430 587 50.11 251
08/29/93 5.81 5.59 -15.48 239.87 584 190.77 856 161.79 584 4798 244
08/30/93 5.81 5.47 -15.48 237.92 575 + 18210 861 16438 575 43.04 237
08/31/93 5.76 5.42 -15.48 235.76 1654.31 5.68 17470 860 163.80 568 39.10 230
09/01/93 5.76 5.38 -15.48 235.09 564 171.27 857 16221 564 38.40 223
09/02/93 5.82 5.35 -15.48 235.03 555 16327 838 15204 555 37.16 217
09/03/93 5.78 $.30 -71.81 23359 551 15042 828 14688 551 3654 21
09/04/93 5.61 5.26 -29.70 230.07 1654.22 5.48 15683 8.16 141.70 548 36.12 208
09/05/93 5.45 5.23 -29.70 226.75 1653.85 545 15440 808 13813 545 3571 202
09/06/93 5.41 5.18 -29.70 225.29 1653.83 539 14981 793 13254 539 34.92 197
09/07/93 5.37 5.16 12.51 224.15 5.37 14848 785 12971 537 34.68 193
09/08/93 5.41 5.12 119.98 224.12 535 14726 783 128.84 6535 34.47 189
09/09/93 537 5.03 227.44 2221 531 14371 754 11985 531 33.82 187
09/10/93 5.44 5.02 234.70 222.88 165397 528 14211 733 116.07 528 3352 181
09/11/93 5.42 4.98 234.70 22201 1653.58 528 14220 746 11774 528 33.54 175
09/12/93 5.37 4.95 234.70 220.45 522 13758 735 11504 522 3266 172
09/13/93 5.20 5.02 234.70 218.34 518 13528 7.0t 10808 518 32.21 172
09/14/93 5.25 5.09 234.70 219.93 515 13329 692 10652 515 31.81 172
09/15/93 5.31 5.07 234.70 220.48 513 13203 7.08 10943 513 3155 169
09/16/93 5.20 4.99 241.96 217.29 1653.89 508 128,77 7.11 10985 5.08 30.87 164
09/17/93 4.95 4.95 21.80 212.42 502 12522 6.84 10542 5.02 30.11 159
09/18/93 4.93 4.93 -85.02 211.63 5.00 12410 6.86 10572 5.00 29.86 151
09/19/93 490 4.94 -85.02 211.73 5.06 12767 699 107.80 506 3064 149
09/20/93 498 4.99 -85.02 213.71 5.06 12767 7.02 108.19 506 3064 167
09/21/93 498 494 -191.84 21294 5.02 12572 7.02 108.23 5.02 3022 192
09/22/93 496 4.93 0.86 21217 500 12438 701 1080t 500 2992 253
09/23/93 494 4.95 0.96 212.04 498 12307 6.78 10460 498 2963 257
09/24/93 4.94 494 0.96 21163 1653.46 496 12192 693 10670 496 29.37 222
09/25/93 49 4.92 0.96 210.78 493 12046 686 10566 493 29.03 198
09/26/93 4.91 4.83 0.96 209.43 487 11758 649 101.31 487 28.35 185
09/27/93 4.86 4.84 0.96 208.40 484 11592 653 10166 484 2795 178
09/28/93 493 4.75 193.75 208.13 479 11383 637 10037 479 '27.43 167
09/29/93 4.98 4.79 -18.87 209.24 477 11268 6.43 100.81 477 2713 157
09/30/93 4.90 4.72 -18.87 207.06 1653.29 474 11138 665 10293 474 2679 151
10/01/93 489 467 -18.87 6.49 201.29 474 11144 611 9901 474 2681 148
10/02/93 4.88 4.68 -18.87 6.45 199.79 467 10841 587 9865 467 26.00 144
10/03/93 4.85 4.65 -18.87 6.42 198.35 1653.72 464 10728 6.12 9904 464 25.68 136
10/04/93 4.56 4.60 -18.87 6.38 196.85 459 10523 589 9865 459 2510 131
10/05/93 4.61 458 -231.49 6.35 19566 1653.83 457 10437 586 9866 457 24.84 122
10/06/93 4.51 4.56 -33.81 6.33 194.81 453 10297 591 98.65 453 24.43 119
10/07/93 4.45 4.48 -33.81 6.27 19253 451 10224 580 987t 451 2420 115
10/08/93 4.50 4.47 -33.81 6.25 191.78 453 10269 545 10006 453 2434 104
10/09/93 4.45 443 -33.81 6.27 19253 437 97.39 542 100.28 437 2262 100
10/10/93 4.42 4.43 -33.81 6.25 191.83 3.74 84.13 544 100.15 3.74 16.45 110
10/11/93 4.45 4.40 163.88 6.22 190.35 374 84.06 5.40 100.43 374 16.39 14
10/12/93 453 4.37 84.69 6.18  189.07 3.61 82.84 5§25 101.70 3.61 15.28 109
10/13/93 4.53 4.35 84.69 6.16 188.13 1652.88 3.60 8272 525 10166 360 15.14 100
10/14/93 4.48 4.32 84.69 6.13 187.14 369 8348 521 10212 369 1592 100
10/15/93 4.47 4.30 84.69 6.13 186.90 366 8327 514 102.85 366 15.72 99
10/16/93 4.45 4.19 84.69 6.11 186.16 3.02 84.14 506 103.77 3.02 10.57 100



UsSGs
Site 1 Site 2 Site 3 Site 3 Pier81 Site 7 Site 8 Site 9 Castlewood
Boswell DrylakeSouth Outlet Albert StJonsOutlet Thisted Gaging.
Avg Avg Avg Avg Avg Avg Outlet Avg Avg Avg Avg Avg Avg Avg
Daily  Daily Daily Daily Daily  Daily msl Well Daily  Daily Daily Daily Daily Daily Daily
Date Stage (f) CFS Stage CFS Stage CFS Elev Elev Stage CFS Stage CFS Stage CFS CFS
10/17/93 4.45 4.18 84.69 6.10 185.67 3.13 82.96 5.02 10427 313 1133 100 .
10/18/93 4.42 4.16 5.50 6.08 184.83 1653.05 3.12 83.06 497 105.0¢ 3.12 11.26 102
10/19/93 4.42 4.14 52.84 6.06 184.19 165275 3.31 81.95 494 10542 2331 1272 100
10/20/93 4.28 411 52.84 6.05 183.85 2.98 84.77 483 107.01 298 10.26 103
10/21/93 4.23 413 100.17 6.02 182.80 3.01 84.28 473 108.82 3.01 10.49 103
10/22/93 4.08 410 63.35 598 180.71 3.31 81.95 467 109.77 331 127 100
10/23/93 4.06 4.09 63.35 597 179.69 3.54 82.36 466 11012 354 1466 92
10/24/93 4.04 4.07 63.35 595 178.45 367 8337 462 11086 367 1581 92
10/25/93 4.02 4.04 63.35 595 178.52 4.18 92.20 455 11214 4.18 20.69 9N .
10/26/93 4.00 407 63.35 591 176.46 3.27 82.05 437 11617 327 12.44 97
10/27/93 4.00 4.10 63.35 590 17572 1652.58 292 85.82 441 11515 292 983 89
10/28/93 4.01 4.04 63.35 586 173.54 3.11 83.17 431 11745 311 1117 92
10/29/93 3.96 4.01 63.35 582 171.05 290 86.28 408 12329 290 967 88
10/30/93 4.00 4.00 63.35 579 169.21 2.92 85.75 404 12418 292 986 76
10/31/93 4.05 4.01 63.35 577 167.90 290 8628 406 12385 290 9.67 76
11/01/93 4.05 3.99 63.35 575 166.89 2.85 87.26 402 12478 285 935 71
11/02/93 4.00 3.97 63.35 575 166.66 1652.46 2.87 86.75 394 12706 287 951 72 .
11/03/93 4.00 3.85 63.35 572 16479 1653.00 3.23 82.23 392 12757 3.23 1212 72
11/04/93 267 92.28 3.89 12823 267 8.16 72
11/05/93 72
11/06/93 72
11/07/93 69
11/08/93 69
11/09/93 69
11/10/93 70 o
11/11/93 70
11/12/93 . 70
11/13/93 68
11/14/93 67
11/15/93 1652.72 65
11/16/93 65
11/17/93 65
11/18/93 66 o
11/19/93 70
11/20/93 72
11/21/93 72
11/22/93 70
11/23/93 60
11/24/93 55
1i/25/983 50
11/26/93 50 ®
11/27/193 50
11/28/93 52
11/29/93 55
11/30/93 55
12/01/93 1652.47 58
12/02/93 58
12/03/93 60 :
12/04/93 60 .
12/05/93 60
12/06/93 62
12/07/93 65
12/08/93 68
12/09/93 1652.33 73
12/10/93 73
12/11/93 69
12/12/93 p
12113/93 62 [
12/14/93 60
12/15/93 60
12/16/93 60
12/17/93 60
12/18/93 58
12/19/93 s
12/20/193 55
12121193 55 o
12/22/93 52
12/23/93 50
12/24/93 47
o



USGS

Site 1 Site 2 Site 3 Site 3 Pier81  Site7 Site 8 Site 9 Castlewood
Boswelt DrylakeSouth Outlet Albert StdonsOutlet Thisted Gaging
Avg Avg  Avg Avg Avg Avg Outlet Avg Avg Avg Avg  Avg Avg Avg
Daily Daily  Daily Daily Daily Daily msl Well Daily Daily Daily Daily Daily Daily Daily
Date Stage (f) CFS Stage CFS Stage CFS Elev Elev Stage CFS Stage CFS Stage CFS CFS
12/25/93 45
12/26/93 45
12/27/93 45
12/28/93 a7
12/29/93 50
12/30/93 55
12/31/93 60
01/01/94 55
01/02/94 50
01/03/94 45
01/04/94 45
01/05/94 45
01/06/94 42
01/07/94 40
01/08/94 38
01/09/94 40
01/10/94 45
01/11/94 45
01/12/94 42
01/13/94 40
01/14/94 35
01/15/94 32
01/16/94 32
01/17/94 30
01/18/94 28
01/19/94 30
01/20/94 35
01/21/94 40
01/22/94 45
01/23/94 50
01/24/94 50
01/25/94 47
01/26/94 45
01/27/94 45
01/28/94 42
01/29/94 40
01/30/94 40
01/31/94 42
02/01/94 1652.40 42
02/02/94 42
02/03/94 45
02/04/94 45
02/05/94 42
02/06/94 40
02/07/94 35
02/08/94 32
02/09/94 30
02/10/94 33
02/11/94 37
02/12/94 40
02/13/94 40
02/14/94 42
02/15/94 47
02/16/94 47
02/17/94 50
02/18/94 60
02/19/94 65
02/20/94 60
02/21/94 55
02/22/94 50
02/23/94 55
02/24/94 55
02/25/94 60
02/26/94 70
02/27/94 85
02/28/94 100
03/01/94 1652.48 95
03/02/94 90
90

03/03/94



USGS
Site 1 Site 2 Site 3 Site 3 Pier81  Site 7 Site 8 Site 8 Castlewood
Boswell DrylakeSouth Outlet Albert StJonsOutiet Thisted Gaging
Avg Avg Avg Avg Avg Avg Outlet Avg Avg Avg Avg Avg Avg Avg
Daily  Daily Daily Daily Daily  Daily ms! Well Daily  Daily Daily Daily Daily Daily Dally
Date Stage (ff) CFS Stage CFS Stage CFS Elev Elev Stage CFS Stage CFS Stage CFS CFS
03/04/94 0
03/05/94 100
03/06/94 200
03/07/94 300
03/08/94 500
03/09/94 1652.63 450
03/10/94 1652.67 1652.47 300
03/11/94 250
03/12/94 225
03/13/94 230
03/14/94 270
03/15/94 500
03/16/94 1652.83 920
03/17/94 1200
03/18/94 1653.83 1000
03/19/94 900
03/20/94 1150
03/21/94 1653.25 1170
03/22/94 935
03/23/194 1653.05 843
03/24/94 757
03/25/94 714
03/26/94 71
03/27/94 710
03/28/94 1653.58 702
03/29/94 1653.57 689
03/30/94 673
03/31/54 662
04/01/94 4.92 33.53 686 216.21 4.90 3.08 14584 10.77 655
04/02/94 4.97 33.53 691 218.08 495 311 14566 - 10.36 652
04/03/94 5.01 33.53 6.95 219.72 5.00 3.12 14557 10.41 642
04/04/94 5.1 33.53 7.03 22329 51 3.11 14564 14.08 613
04/05/94 5.12 33.53 7.04 223862 513 3.11 14567 14.08 585
04/06/94 5.18 33.53 7.10 22589 5.20 3.10 145.71 14.08 566
04/07/94 5.12 3353 7.05 22386 5.13 309 145.78 14.08 557
04/08/94 5.05 33.53 698 221.18 5.05 3.10 14575 14.08 540
04/09/94 . 5.09 3353 701 22249 1653.47 5.09 3.06 146.00 14.08 544
04/10/94 5.40 5.07 33.53 7.07 22468 5.07 3.04 146.07 14.08 510
04/11/94 5.06 33.53 7.07 22461 506 12410 3.02 146.12 14.08 482
04/12/94 5.02 3353 7.06 22435 501 11794 298 146.12 14.08 450
04/13/94 5.03 33.53 7.07 22476 503 11794 288 146.12 14.08 420
04/14/94 5.05 33.53 7.06 224.20 504 11794 296 146.07 14.08 409
04/15/94 5.07 33.53 7.16 228.52 507 11794 299 146.13 14.08 456
04/16/94 5.15 33.53 7.14 227.49 516 11794 299 146.13 14.08 489
04/17/94 5.19 33.53 7.1 226.30 521 11794 299 146.13 14.08 427
04/18/94 5.1 3353 7.10 22594 §11 117984 296 146.07 17.76 387
04/18/94 5.11 3353 - 7.08 22533 512 11794 294 14597 14.04 358
04/20/94 5.08 40.54 7.03 22323 508 11794 292 14584 14.04 336
04/21/94 5.06 95.34 7.02 22261 506 111.77 290 14568 14.04 317
04/22/94 5.04 95.34 7.01 222.1§ 504 116.14 289 14561 14.04 316
04/23/94 5.00 95.34 699 22133 498 116.14 289 14556 14.04 315
04/24/94 4.96 95.34 6.92 21857 495 11614 281 14439 14.04 297
04/25/94 4.92 95.34 6.86 216.33 489 116.14 277 14353 14.04 252
04/26/94 4.98 985.34 6.91 218.06 496 116.14 280 14427 14.04 255
04/27/94 4.98 985.34 6.91 218.37 1653.47 496 11614 279 144.09 14.04 293
04/28/94 4.98 95.34 690 217.76 496 11614 279 144.09 14.04 300
04/29/94 5.01 95.34 695 219.70 500 11614 283 14484 14.04 315
04/30/94 5.00 95.34 692 218.68 499 11614 283 14478 14.04 356
05/01/94 499 95.34 6.91 218.22 498 116.14 282 14463 14.04 383
05/02/94 4.97 95.34 6.91 21822 495 11614 284 14490 14.04 397
05/03/94 497 95.34 691 218.11 1653.56 495 11614 285 14509 14.04 391
05/04/94 4.94 95.34 6.88 217.20 1653.54 492 11614 281 14454 14.04 399
05/05/94 4.93 95.34 6.87 216.59 491 11614 281 14442 14.04 391
05/06/94 4.92 95.34 6.87 216.69 490 11614 281 14449 14.04 381
05/07/94 492 95.34 6.88 216.84 489 116.14 282 14465 14.04 387
05/08/94 4.90 95.34 6.85 215.87 488 11614 281 14449 14.04 379
05/09/94 4.86 95.34 6.84 215.26 1653.31 4.83 11614 277 14368 14.04 352
05/10/94 4.86 95.34 6.81 21435 1653.46 483 11614 277 14353 14.04 332
05/11/94 484 150.14 6.78 212.83 480 116.14 272 14224 10.32 320



UsGs

Site 1 Site 2 Site 3 Site 3 Pier81  Site 7 Site 8 Site 9 Castlewood
Boswell DrylakeSouth Outlet Albert StJonsOutlet Thisted Gaging
Avg Avg Avg Avg Avg Avg Outfet Avg Avg Avg Avg Avg Avg Avg
Daily Daily  Daily Daily Daily  Daily ms} Well Daily Daily Daily Daily Daily Daily Daily
Date Stage (ft) CFS Stage CFS Stage CFS Elev Elev Stage CFS Stage CFS Stage CFS CFS
05/12/94 4.83 4.96 6.71 210.30 1653.42 479 116.14 270 141.49 13.19 291
05/13/94 4.81 4.96 6.64 207.22 477 11614 270 14157 13.19 279
05/14/94 4.89 4.96 6.78 213.08 1653.54 48 116.14 278 143.76 13.19 300
05/15/94 4.89 4.96 6.78 212.88 48 116.14 279 144.04 13.19 294
05/16/94 487 4.96 674 211.26 483 11614 281 144.47 13.19 278
05/17/94 479 4.96 6.70 209.64 474 116.14 2.83 14478 13.19 263
05/18/94 4.72 4.96 6.67 208.33 467 11614 280 144.20 13.19 251
05/19/94 4.81 4.96 6.64 207.42 4.76 116.14 277 14359 13.18 236
05/20/94 4.78 -140.23 6.60 205.71 473 12051 275 143.12 16.07 223
05/21/94 475 -26.38 6.58 204.90 469 107.04 276 143.28 13.21 210
05/22/194 4.74 -26.38 6.56 204.05 469 107.04 277 143.62 13.21 199
05123194 470 -26.38 652 202.30 1653.28 463 107.04 281 14451 13.24 181
05/24194 4.68 -26.38 6.50 201.74 424 9356 277 14353 13.21 189
05/25/94 4.62 -26.38 6.47 200.59 3.87 8580 272 14224 13.21 182
05/26/94 4.61 87.47 645 199.49 1653.17 4.1 90.41 266 140.37 10.35 170
05/27/94 4.58 82.13 6.41 198.05 410 9033 267 14056 7.28 163
 05/28/94 4.56 82.13 6.37 196.60 410 9024 265 139.84 7.28 158
05/29/94 4.49 82.13 6.32 19466 1653.42 403 8866 257 136.38 7.28 153
05/30/94 4.34 82.13 6.29 183.37 403 88.82 251 13295 7.28 142 .
05/31/94 4.10 82.13 6.24 191.44 366 8325 242 12643 7.28 137
06/01/94 4.09 76.79 6.20 189.71 1652.88 316 8269 241 12575 4.22 125
06/02/94 462 4.05 70.28 6.16 188.13 393 8683 236 12153 3.89 118
06/03/94 4.61 4.01 31.98 6.13 187.05 387 8584 232 118.16 3.89 113
06/04/94 469 4.12 31.98 6.10 18591 385 8561 231 116.75 3.89 112
06/05/94 472 4.29 31.98 6.23 191.04 1652.92 397 8753 240 12536 3.89 191
06/06/94 4.60 4.26 31.98 6.23 190.84 1652.92 396 8733 240 12476 3.89 203
06/07/94 4.60 4.38 31.98 6.24 191.14 402 8846 238 123.02 3.89 195
06/08/94 4.58 4.36 31.98 6.21 190.15 3.91 86.47 233 119.42 3.56 179
06/09/94 462 4.33 31.98 6.23 190.75 385 87.12 235 12077 19.23 170
06/10/94 458 4.30 31,98 6.18 189.12 3.91 86.57 229 115.05 19.23 162
06/11/94 4.59 4.25 31.98 6.15 187.69 1652.85 384 8546 226 11229 19.23 147
06/12/94 465 4.27 3188 6.10 18562 384 8537 224 11060 19.23 131
06/13/94 469 4.35 31.98 6.13 187.09 385 8559 223 109.27 19.23 121
06/14/94 4.60 4.31 31.98 6.12 186.60 1652.79 385 8548 229 115.05 19.23 116
06/15/94 4.66 4.27 31.98 6.13 187.00 365 8317 223 10873 19.23 115
06/16/94 461 4,27 31.98 6.05 183.86 267 9240 220 105.70 19.23 1"
06/17/94 4.62 4.35 31.98 6.14 187.42 1652.96 308 8346 226 11254 19.23 241
06/18/94 459 4.40 31.98 6.19 189.30 334 81.89 237 122.28 19.23 779
06/19/94 465 4.46 31.98 6.34 19548 1653.42 406 8933 249 131.22 19.23 718
06/20/94 4.68 4.47 31.98 6.36 196.21 408 89.72 255 13533 19.23 444
06/21/94 474 4.51 -6.32 6.40 197.80 1653.17 4.11 9035 262 13853 19.23 359
06/22/94 4.81 4.52 -19.61 6.44 199.22 413 9093 265 139.94 19.23 326
06/23/94 478 4.53 -19.61 6.43 198.84 415 9150 269 14132 19.23 405
06/24/94 4.89 4.53 -19.61 6.47 200.68 416 91.71 272 14232 19.23 482
06/25/94 4.89 453 -19.61 6.48 20080 1653.19 416 91.71 270 14153 19.23 452
06/26/94 4.70 4.52 -19.61 6.40 197.56 415 91.41 2.67 140.61 19.23 430
06/27/94 4.89 4.52 -19.61 6.47 200.31 413 9096 271 14183 19.23 407
06/28/94 4.72 4.50 -19.61 6.39 197.23 409 8999 263 138.86 19.23 416
06/29/94 461 451 -19.61 635 19563 408 89.72 260 137.79 19.23 376
06/30/94 4.64 451 -32.91 6.36 19599 406 89.31 262 138.42 34.90 339
07/01/94 4.58 4.47 76.94 6.32 19462 1653.00 1653.00 407 8958 255 13506 154 263 318
07/02/94 4.56 4.45 76.94 6.30 19372 404 8887 248 13081 152 255 284
07/03/94 4.58 4.48 76.94 6.32 19437 401 8826 248 13114 148 240 257
07/04/94 4.55 4.45 76.94 6.29 19326 397 8755 249 13138 145 232 245
07/05/94 457 4.42 76.94 6.28 19296 395 8716 247 13031 152 254 231
07/06/94 4.66 4.40 76.94 6.31 193.92 392 8672 245 12847 151 252 218
07/07/94 461 4.41 76.94 6.30 193.82 402 8844 247 13031 151 250 342
07/08/94 457 4.43 76.94 6.25 191.56 371 8374 241 12585 153 257 435
07/09/94 455 4.42 76.94 6.22 190.61 1653.00 362 8288 241 12585 154 262 575
07/10/94 4.58 443 76.94 630 193.58 399 8793 242 12633 154 262 468
07/11/94 4.58 4.36 186.79 6.27 192.52 396 8736 243 12747 153 257 427
07/12/94 4.54 4.40 125.26 6.27 192.35 395 8712 241 12575 152 255 411
07/13/94 455 4.39 125.26 6.27 192.35 396 8730 241 12556 155 266 387
07/14/94 462 4.37 125.26 6.28 192.87 391 8643 239 12406 158 276 429
07/15/94 4.67 434 125.26 6.29 193.26 389 8618 236 12207 167 310 631
07/16/94 468 435 125.26 629 19343 1653.00 387 8580 231 11758 166 305 533
07/17/94 4.69 434 125.26 6.29 193.23 386 8571 230 11591 180 363 456
07/18/94 4.60 4.36 125.26 6.26 192.18 1652.92 385 8554 227 11305 181 365 419
07119/94 465 433 125.26 6.27 19238 383 8528 220 10584 177 349 410



USGS

Site 1 Site 2 Site 3 Site 3 Pier81  Site 7 Site 8 Site 9 Castlewood
Boswell DrylakeSouth Outlet Albert StJonsOutlet Thisted Gaging
Avg Avg  Avg Avg Avg Avg Outlet Avg Avg Avg Avg Avg  Avg Avg
Daily  Daily Daily Daily Daily  Daily msl Well Daily  Daily Daily  Daily Daily Daily Daily
Date Stage (t) CFS Stage CFS Stage CFS Elev Elev Stage CFS Stage CFS Stage CFS CFS
07/20/94 4.65 4.30 125.26 6.26 191.94 380 8486 216 10065 1.78 3.54 386
07/21/94 4.62 4.29 125.26 623 191.08 377 8445 209 9236 181 366 378
07/122/94 458 4.27 125.26 6.21 189.97 375 8415 205 8768 1.80 364 335
07/23/94 4.56 422 125.26 6.18 188.82 1652.79 370 8366 206 8817 1.92 415 307
07/24/94 4.49 419 125.26 6.14 187.34 369 8350 205 8738 204 470 289
07125/94 429 4.16 125.26 6.04 183.64 367 8329 201 8255 202 460 27
07/26/94 424 4.12 125.26 6.01 182.02 363 8297 192 7142 203 464 253
07127194 4.20 4.07 63.74 597 17981 359 8267 187 6770 202 460 239
07/28/94 4.19 4.05 89.56 596 179.08 165277 356 8247 187 67.70 145 2.31 222
07/29/94 4.18 4.02 89.56 594 178.14 3.54 82.33 1.86 6643 145 230 213
07/30/94 4.17 3.94 89.56 591 176.10 350 8214 185 6555 149 243 202
07/31/94 4.28 3.87 89.56 592 176.82 346 8200 182 6322 146 2234 192
08/01/94 424 3.86 89.56 590 17557 343 8193 173 5655 142 221 180
08/02/94 424 3.84 89.56 588 174.80 X3 8190 172 5588 137 207 170
08/03/94 4.22 3.81 89.56 586 17369 1652.38 339 8188 174 5703 134 195 166
08/04/94 4.02 3.7 89.56 5.76 167.42 3.35 81.88 1.60 4666 1.28 1.80 158
08/05/94 4.02 3.75 89.56 5.75 166.82 1652.29 165272 3.31 81.94 1.56 4409 128 179 145
08/06/94 4.07 3.70 89.56 5.75 166.80 327 8205 157 4482 128 179 142
08/07/94 3.90 3.60 89.56 5.65 160.20 3.22 82.26 1.54 4220 127 1.76 137
08/08/94 3.80 3.44 89.56 555 153.96 319 8244 143 3453 126 1.72 126
08/09/94 3.81 3.45 89.56 557 154.98 324 8216 143 3453 162 289 151
08/10/94 4,44 3.75 115.38 594 178.20 345 81.99 1.68 5255 209 495 1010
08/11/94 436 3.56 68.10 585 173.06 1652.75 3.4 82.12 170 5454 172 329 1160
08/12/94 4.26 3.54 68.10 5.81 17065 1652.75 3.52 82.27 1.76 5886 1.72 3.28 584
08/13/94 4.23 3.55 68.10 581 170.40 1652.75 3.55 82.38 1.75 5789 172 328 398
08/14/94 422 3.62 68.10 583 171.86 1652.79 3.59 82.64 1.75 58.09 1.69 3.16 323
08/15/94 4.23 3.67 68.10 585 172,95 3.58 8257 1.81 6254 174 339 280
08/16/94 4.1 3.69 20.81 585 17269 3.55 82.42 i.69 66.43 1.78 3.47 253
08/17/94 4.19 3.66 -3.89 583 171.34 3.53 82.30 188 6829 t.85 381 234
08/18/94 4.18 3.66 -3.89 582 171.06 165258 352 8226 190 6966 185 384 214
08/19/94 422 3.57 -3.89 §.81 170.09 3.50 82.17 1.86 6653 1.81 367 203
08/20/94 430 3.49 -3.89 5.81 170.20 348  82.09 181 6244 195 425 188
08/21/94 429 3.46 -3.89 579 169.32 347 8204 180 6205 205 472 17
08/22/94 428 3.53 -3.89 581 170.53 347 8203 184 6497 213 510 162
08/23/94 423 3.56 -3.89 5§79 169.37 340 8183 182 6312 214 517 156
08/24/94 4.23 3.54 -3.89 578 168.53 337 8188 174 5703 219 542 148
08/25/94 4.19 3.51 -3.89 575 166.86 336 8188 173 5655 224 568 136
08/26/94 4.04 3.48 -3.89 568 162.15 333 8191 171 5464 227 585 128
08/27/94 4.08 3.44 -3.89 568 162.41 3.31 8195 171 5521 228 591 124
08/28/94 3.80 3.42 -3.89 560 156.88 327 8206 159 4620 226 581 122
08/29/94 3.89 3.38 -28.60 §.58 155.64 3.25 82.12 1.61 4712 223 564 11
08/30/94 3.90 3.46 -3.67 §62 158.34 334 81.89 1.65 5010 243 8.73 113
08/31/94 388 3.43 -3.67 558 156.17 322 8227 159 4583 236 6.34 108
09/01/94 387 3N -3.67 541  145.01 165281 219 11983 157 4482 240 657 104
09/02/94 391 3.44 -3.67 547 148.73 239 10545 166 S1.13 262 784 119
09/03/94 4.00 3.47 -3.67 560 157.02 293 8561 174 5761 2568 7.51 138
09/04/94 4.21 3.49 -3.67 576 167.36 340 8189 181 6283 267 8.17 177
-09/05/94 4.20 3.47 -3.67 572 164.72 321 82.32 173 5664 259 767 204
09/06/94 413 3.46 -3.67 572 164.63 337 8188 1.7t 5492 257 758 188
09/07/94 3.94 3.45 -3.67 564 159.58 336 81.88 169 5378 255 745 161
09/08/94 393 3.44 -3.67 5.62 158.74 334 8189 169 5368 254 739 148
09/09/94 3.92 3.43 -3.67 562 158.15 333 8190 171 5502 252 7.28 140
09/10/94 394 3.43 -3.67 563 158.80 333 8190 174 5751 250 7.14 132
09/11/94 4.01 3.42 -3.67 565 160.09 3 81.95 1.76 59.05 247 6.95 128
09/12/94 391 3.35 -3.67 5§58 155.83 327 8206 174 5722 248 704 119
09/13/94 3.87 3.34 -3.67 555 15417 3.24 82.18 1.71 §473 248 7.02 110
09/14/94 3.85 3.33 -3.67 555 153.65 3.25 82.15 173 5645 247 6.94 107
09/15/94 3.86 3.32 -3.67 5.54 153.41 3.22 82.28 1.68 5264 246 6.91 1098
09/16/94 3.81 3.26 -3.67 550 15048 319 8248 153 4175 245 6.85 109
09/17/94 3.85 3.25 -3.67 548 14936 3.00 8443 149 39.09 244 676 94
09/18/94 392 3.23 -3.67 552 152.02 312 83.06 146 3691 242 665 88
09/19/94 39 3.21 -3.67 551 15114 3N 83.12 146 3648 239 653 83
09/20/94 3.89 3.17 -3.67 548 149.51 3.07 83.50 1.44 3520 237 6.37 80
09/21/94 3.86 3.17 -3.67 546 148.21 3.02 84.23 1.39 3187 237 6.39 97
09/22/94 3.77 3.15 -3.67 542 14555 3.01 84.27 1.35 2953 241 660 105
09/23/94 363 3.09 -3.67 5.35 140.45 3.02 8420 135 2937 241 660 89
09/24/94 355 3.08 -3.67 528 136.06 282 8788 134 2897 240 658 86
09/25/94 352 3.07 -3.67 529 136.37 296 8511 132 2780 240 655 84
09/26/94 3.50 3.03 21.26 5.26 13477 293 8555 132 2741 238 6.47 76



USGS

Site 1 Site 2 Site 3 Site 3 Pier81  Site7 Site 8 Site 9 Castlewood

Boswell DrylakeSouth OQutlet Albert StJonsOutlet Thisted Gaging

Avg Avg Avg Avg Avg Avg Outlet Avg Avg Avg Avg Avg Avg Avg

Daily Daily  Daily Daily Daily Daily ms} Well Daily Daily Daily Daily Daily Daily Daity

Date Stage (R) CFS Stage CFs Stage CFS Elev Elev Stage CFS Stage CFS Stage CFS CFS
09/27/94 3.49 3.01 23.89 525 133.99 291 85.94 1.30 26.11 237 6.38 76
09/28/94 3.46 2.99 23.89 520 130.67 2.72 90.70 1.23 2230 234 6.25 74
09/29/94 3.45 297 23.89 5.21 131.12 2.82 87.97 1.21 2111 232 6.1 68
09/30/94 3.46 2.96 23.89 521 131.42 2.85 87.35 1.17 18.76 229 597 63
10/01/94 3.52 2.93 23.89 522 131.87 283 87.82 1.14 17.16 226 578 53
10/02/94 3.50 2.92 23.89 521 13143 285 87.29 1.15 1811 228 589 58
10/03/94 3.40 2.93 23.89 5.18 129.07 2.84 87.38 1.14 1754 244 680 71
10/04/94 3.39 2.92 23.89 517 128.38 283 8779 1.11 16.05 246 691 73
10/05/94 3.40 2.90 23.89 516 12817 165256 284 87.58 113 1678 247 696 76
10/06/94 3.47 2.87 23.89 519 129.90 2.88 86.54 119 1995 249 705 82
10/07/94 3.52 2.96 23.89 523 132.60 283 87.82 119 2015 249 7.06 92
10/08/94 3.45 2.91 23.89 519 129.64 2.81 88.24 1.09 1498 247 698 92
10/09/94 3.41 2.89 23.89 515 127.42 1652.47 2.76 89.57 1.05 1306 246 688 83
10/10/94 3.42 2.88 23.89 516 128.12 2.81 88.31 1.05 13.00 244 6.79 75
10/11/94 3N 2.86 23.89 515 126.94 277 89.12 1.06 1339 242 668 72
10/12/94 3.40 2.89 23.89 515 126.98 2.74 90.21 1,03 1220 239 651 70
10/13/94 3.41 2.92 23.89 515 127.32 2.68 91.98 0.98 10.24 2.37 6.38 65
10/14/194 3.42 2.89 23.89 515 127.22 2.70 91.45 097 9.82 236 632 62
10/15/94 347 2.89 23.89 517 128.46 2.70 91.33 1.00 10.88 236 6.35 61
10/16/94 3.45 2.95 23.89 5.18 129.54 272 90.55 102 1204 250 7.1 71
10/17/94 3.50 3.03 23.89 523 132.68 273 90.29 1.04 1268 260 7.74 87
10/18/94 3.82 2.97 23.89 535 140.60 280 8840 110 1557 263 7895 123
10/19/94 3.70 3.08 23.89 532 138.68 2.69 91.61 1.02 1178 259 7.69 160
10/20/94 3.57 3.09 23.89 523 13275 246 10135 098 10145 256 7.50 122
10/21/94 3.66 3N 23.89 527 135.28 242 10326 098 1020 255 7.46 105
10/22/94 3.78 3.13 23.89 5.36 141.44 265 9297 099 1078 255 7.45 99
10/23/94 3.75 3.12 23.89 5.34 139.95 165150 262 9398 091 776 254 737 114
10/24/94 3.68 3.068 2389 530 137.15 264 9337 0.88 697 253 730 90
10/25/94 3.48 2.74 23.89 511 12417 257 86.01 0.84 5.81 251 7.22 82
10/26/94 3.48 275 23.89 512 125.19 265 9310 086 627 251 720 76
10/27/94 348 272 23.89 510 124.08 260 9504 0.88 6.71 251 7.19 77
10/28/94 3.42 2.69 23.89 507 121.53 256 9643 086 6819 251 7.20 75
10/29/94 335 268 23.89 504 119.49 2.59 95.09 0.82 5.28 250 7.13 76
10/30/94 3.15 265 23.89 490 110.21 229 11214 078 419 249 7.05 78
10/31/94 3.12 2.63 23.89 4.87 108.25 222 11724 0.76 3.81 248 7.00 71
11/01/94 31 2,61 23.89 492 111.42 2.57 96.27 0.78 4.22 248 7.01 70
114/02/94 3.10 264 23.89 493 11214 2.60 9474 0.79 4.44 248 7.02 73
11/03/94 23.89 70
11/04/94 23.89 69
11/05/94 71
11/06/94 71
11/07/94 71



APPENDIX I:

The following tables contain the actual stage and instantaneous discharge measurements used in
the regression analysis to determine daily discharge from each site (1-3 and 7-9). Following this
table are graphs showing the relationship between these two variables (stage and discharge). On
these graphs are the r-square values which indicate the strength of the relationship between the
dependent variable (discharge) and the independent variable (stage). There is also a graph
showing the relationship that exists between the Lake Poinsett and Dry Lake elevations (r-sq =
0.93).



Instaneous Discharge Measurements for all Six Monitoring Stations
used in Regression Analysis

Site 2 Stonebridge

( - ) = Poinsett discharging

Stage

Site 1 Boswell into Dry Lake (reverse flow) Site 3 OUTLET
Date Stage CFS Date  Stage CFS Date
06/11/93 455 7.802 06/09/93 4 28859 06/11/93
06/17/93 445 7.036 06/11/93 398 -3508 06/17/93
06/18/93 452 0.49 06/17/93 396 194.528 06/21/93
06/21/193 5 0 06/18/93 4.15 60.224 06/24/93
06/23/93 4.88 7.894 06/21/93 435 -34.978 06/25/93
06/24/93 495 0 06/22/93 432 -120.246 06/28/93
06/25/93 5.21 0 06/23/93 442 99.56 07/01/93
06/28/93 485 0 06/25/93 445 -187.67 07/07/93
07/02/193 629 10264 06/26/93 4.46 -117.528 07/12/93
07/06/93 574 11552 06/28/93 442 -104.43 07/13/93
07/09/93 589 14.862 06/29/93 44 331.022 07726193
07/12/93 6.19 0 07/01/93 47 -92.356 07/28/93
07/13/93 6.18 0 07/02/93 479 -142.498 08/03/93
07/23/93 6.3 0 07/05/93 542 -175.386 08/11/93
07/30/93 6.37 0 07/06/93 554 -11.514 08/12/93
08/02/93 6.32 0 07/09/93 571 -38.96 08/17/93
08/11/93 627 0 07/12/93 579 -59.862 08/18/93
08/18/93 6.32 0 07/13/93 585 -29.076 08/24/93
08/19/93 6.33 0 07/14/93 5.83 -28.738 09/03/93
08124193 6.18 0 07/23/93 5.97 -234.172 (09/09/93
09/03/93 5.79 0 072693 6.14 96.036 09/16/93
09/09/93 5.41 0 07/28/93 6.15 123.304 09/17/93
09/16/93 5.28 0 07/29/93 6.16 -43.554 09/21/93
09/17/93 495 0 07/30/93 6.4 81.23 09/29/93
09/21/93 4.99 0 08/02/93 6.02 -52.332 10/05/93
10/05/93 465 0 08/03/93 599 184.076 10/13/93
10/13/93 455 0 08/10/33 579 36.538 10/21/93

08/11/93 5.8 -167.932 04/18/94

During 1994 measurments 08/12/193 573 253956 05/11/94

there was no discharge from 08/17/93 587 168.946 05/20/94

at Site 1 08/18/93 588 263.688 05/26/94

08/19/93 585 -136.48 06/03/94
NAN4A 877 40952 06/08/94
09/03/93 529 .71.908 07/11/94
09/07/93 516 12514 08/01/94
09/09/93 5.05 227.442 08/10/94
09/16/93  5.04 241.962 09/26/94
09/17/93 495 21.802
09/21/93  4.99 -191.836
09/28/93 472 193.754
10/05/93 458 -231.492
10/11/93 44 163.88
10/18/93 416  -3.056
10/21/93 414 100.172
04/20/94 508 40535
05/11/94  4.85 150.143
05/20/94 4.78 -140.228
05/26/94 462 B7.468
06/01/94 4.1 76.79
06/02/94 405 70276
06/21/194 45 -6.32
06/30/94 451 -32.908
07/11/94 439 186.792
07/27/94 4.08 63736
08/10/94 372 115382
08/16/94 3.68 20.814
08/29/94 34 .28508
09/26/94  3.03 21.26

Site 7 - Lake Albert Qutlet . Site 8 ST. JOHN Outlet Site 9 Thisted
CFS Date Stage CFS Date Stage CFS Date Stage
139.33 05/27/93 465 115527 06/07/93 34 0 05/26/93 34
198.248 06/07/93 453 83.488 06/09/93 298 113232 06/02/93 36
0 06/09/93 442 96.226 06/17/93 395 121.708 06/07/93 45
117.528 06/11/93 4.4 83.689 06/22/93 482 21532 06/18/93 4.65
128.41 06/18/93 465 10581 06/24/93 512 24751 06122193 499
150.842 06/21/93 491 141.416 06/28/93 557 262.11 06/24/93 514
0 06/23/93 5.07 143.477 07/02/93 59 156.754 07/01/93 5.54
112.464 06/28/93 525 219.203 07/05/93 6.18 299.766 07/02/93 5.67
211.364 07/01/93 5.53 275.434 07/07/93 6.19 298.88 07/05/93 6.02
247.566 07/06/93 6.06 368.574 07/09/93 6.29 289458 07/07/93 6.15
0 07/09/93 6.24 366.806 07/12/93 6.25 156.398 07/09/93 6.24
128.056 07/12/93 6.3 366.889 07/14/93 599 174.684 07/12/93 6.3
250.328 07/14/93 6.31 347.187 07/23/93 5.7 174.484 07/14/93 6.29
237.006 07/23/93 6.15 241,665 07/27/93 558 191.89 07/23/93 6.14
240.246 07/27/93 6.26 223.544 07/29/93 528 90742 07/27/93 '6.26
259.586 07/28/93 6.25 192599 08/03/93 488 75354 07/29/93 6.23
268.836 07129/93 6.21 227.377 08/10/93 52 57.904 08/05/93 597
283.39 08/05/93 597 151.056 08/11/93 49 0 08/11/93 578
294.734 08/10/93 581 123.175 08/12/93 43 150.26 08/17/93 593
267.078 08/17/83 595 178.61 08/13/93 47 O 08/18/93 5.98
236.632 08/19/93 598 198.801 08/19/93 8.76 205.276 09/03/93 55 .
227.444 09/03/93 6.05 148.364 09/03/93 8.28 10.01 09/07/93 537
232.77 09/07/93 59 131.156 09/07/93 7.89 105112 09/09/93 53
190.6 09/09/93 582 117.263 09/13/93 6.94 75384 09/15/93 5.14
213.934 09/15/93 5.14 105764 10/06/93 572 74798 09/16/93 5.05
191.776 09/17/93 5.01 102.851 10/11/93 5.38 102,448 09/17/183 5.01
189.176 10/06/93 453 100.689 10724/93 47 88.162 10/06/93 453
207.598 10/13/93 44 92917 04/18/94 295 162,944 10/13/93 437
239.676 10/21/93 296 B7.914 05/11/94 272 201208 10/21/93 2.96
250.38 05/25/94 312 97.262 05/20/94 2.76 0 10/25/93 412
223.71 06/01/94 259 104.805 05/26/94 265 126.508 04/18/94 NA
231.676 06/08/94 40 84.28 06/01/94 238 74743 05/11/94 NA
203.066 06/21/94 411 119,49 06/10/94 2.28 109.566 05/20/94 NA
121.71 06/30/94 406 137.227 06/21/94 2.66 153.002 05/26/94 NA
157.6 07/11/94 395 117.462 06/30/94 263 136964 06/01/94 NA
0 07718194 386 102.482 07/18/94 226 0 06/08/94 NA
135.818 07127194 359 70.234 08/01/94 1.7 4027 06/30/94 1.84
08/40/94 344 64,02 08/16/94 186 71.044 07/18/94 2.61
08/16/94 354 54144 08/22/94 1.81 0 07/27/94 146
08/22/94 347 B0.649 08/29/94 16 0 08/01/94 1.41
09/26/94 293 75208 09/26/94 133 0 08/10/94 2.1
: 08/16/94 1.77
08/22/94 214
00/13/94 2.48
09/26/94 239

CFs
19.873
14595
13.2506
80.221
211.944
185.798
103.693
118.042
140.088
140,955
110.842
79.186
58.792
28.594
55.191
44.906
39.886
19.962
99.923
104571
18.176
12.629
10.143
8.397
6.652
5.459
279
3.968
1.104
0
17.758
10.32
16.065
10.35
4219
3.558
34,902
12127
2.08
1.346
8.68
9.317
1.881
0
0



Drylake North and South
1994

1 SRR M R SRR R B
05/12 05/28 0613 08729 07/15 07/31 0R/18 O/D1 08/17 10/03 10/18
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Lake Poinsett Outiet (1993-94)
Stage/Discharge Regression Analysis
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Lake Albert Outlet (1993-94)
Stage/Discharge Regression Analysis
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StJohn after 8/17/93 & 1994
Stage/Discharge Regression Analysis
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Stage/Discharge Regression Analysis
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LAKE POINSETT WATERSHED AGNPS ANALYSIS

An analysis of the Lake Poinsett watershed was performed utilizing a computer model. The model
selected was the Agricultural Nonpoint Source Pollution Model (AGNPS)(version 3.65.5). This model
was developed by the Agricultural Research Service to analyze the water quality of runoff events from
watersheds. The model predicts runoff volume and peak rate, eroded and delivered sediment, nitrogen,
phosphorous, and chemical oxygen demand (COD) concentrations in the runoff and sediment for a single
storm event for all points in the watershed. Proceeding from the headwaters to the outlet, the pollutants
are routed in a step-wise fashion so the flow at any point may be examined. This model was developed
to estimate subwatershed or tributary loadings to a water body. The AGNPS model is intended to be used
as a tool to objectively compare different subwatershed within a watershed and watersheds throughout the
state. This model is intended for watersheds up to 76,000 acres (1900 cells @ 40 acres/ cell).

The size of the Lake Poinsett watershed and area modeled was approximately 96,920 acres. Due to large
size of the watershed and the associated limitations imposed by the AGNPS program, the Lake Poinsett
watershed was divided into a upper (52,040 acres) and lower (44,880 acres) watershed components. Each
of these watershed components was than divided into subwatersheds based on flow and drainage patterns.
This resulted in the upper watershed being divided into 14 subwatersheds, and the lower watershed being
divided into 9 subwatersheds. The selection criteria for determining what comprises a "subwatershed" was
based upon aerial drainage. If a subwatershed drained less than 2% of the non-lake watershed area, than
it was not analyzed for NPS loadings. Normally, direct overland flow from areas adjacent to the lake are
not analyzed since this aerial drainage is generally small, and for this watershed this related to an area
less than 800 acres. As part of the AGNPS analysis of the Lake Poinsett watershed, Nonpoint Source
(NPS) loadings, feedlot contributions and hydrology were computed for each subwatershed in order to
determine the loadings to Lakes Albert, Poinsett and Dry. The amount of NPS loadings deposited in
Lakes Albert, Poinsett and Dry and the amount transported out of the lake was not calculated. One of
the limitations of the AGNPS model is that it cannot accurately route and calculate the in-lake deposition
and transport of NPS pollutants. For this study, it was assumed that the effect of the smaller lakes (i.e. -
Thisted, Badger) found within the watershed on the transport of NPS pollutants was negligible.

AGNPS GOALS
The primary objectives of running AGNPS on the Lake Poinsett watershed was to:
1.) Evaluate and quantify the loadings from each subwatershed and their net loading to the lake;

2.) Define critical cells within each subwatershed (high sediment, nitrogen, phosphorous); and
3.) Priority rank each feedlot and quantify the nutrient loadings from each feedlot .

The following is a brief overview of each objective.

A:\POINSETT.RPT 1 AUGUST 16, 1995, 3:53PM



OBJECTIVE 1 - EVALUATE AND QOUANTIFY SUBWATERSHED NPS LOADINGS
DELINEATION AND LOCATION OF SUBWATERSHED

DRY LAKE SUBWATERSHED CROSS REFERENCE (SEE MAPS ON PAGES 55-58)

SUBWATERSHED DRAINAGE AREA OUTLET CELL #
1 3640 230
2 960 250
3 3640 313
4 840 334
5 3440 383
6 800 419
7 2920 466
TOTAL 7 16,240 N.A.

LAKE POINSETT SUBWATERSHED CROSS REFERENCE (SEE MAPS ON PAGES 55-58)

SUBWATERSHED DRAINAGE AREA OUTLET CELL #
1 10600 685
2 4960 756
3 960 897
4 3320 1023 -
5 1600 1065
6 2600 1103
7 1720 1104
TOTAL 7 16,160 N.A.

LAKE ALBERT SUBWATERSHED CROSS REFERENCE (SEE MAPS ON PAGE 91)

SUBWATERSHED DRAINAGE AREA OUTLET CELL #
1 3560 117
2 2960 200
3 1440 327
4 3840 519
5 9200 580
6 4560 583
7 1200 686
8 1720 721
9 5520 749
TOTAL 9 34,000 N.A.
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SUBWATERSHED TRIBUTARY LOADING FOR DRY LAKE - PER ACRE

SuB DRAINAGE |# SEDIMENT| SEDIMENT [TOT.NITRO.|TOT.NITRO.| TOT.PHOS. | TOT.PHOS.
WATER AREA TON/AC/EVT | TON/AC/EVT | TON/AC/EVT | TON/AC/EVT | TON/AC/EVT| TON/AC/EVT
SHED (ACRES) | (ANN.+1YR) | (25YR.EVT) | (ANN.+1YR) | (25YR.EVT) | (ANN.+1YR)|(25YR.EVT)

1 (230) 3640 .09 .18 .0017 .0013 .00042 .00042

2 (250) 960 .14 .50 .0016 .0019 .00051 .00068

3 (313) 3640 .07 .31 .0013 .0015 .00048 .00050

4 (334) 840 .03 .16 .0011 .0011 .00025 .00035

5 (383) 3440 .12 .39 .0029 .0022 .00075 .00072

6 (419) 800 .13 .55 .0015 .0019 .00039 .00071

7 (466) 2920 .15 .65 .0016 .0020 .00052 .00079
|

MEAN .10 .39 .0017 .0017 .00047 .00060

MEDIAN .12 .39 .0016 .0019 .00048 .00068
¥STDS .04 .19 .0006 .0004 .00015 .00017

MEAN + 1STDS(0) .14 .58 .0023 .0021 .00062 .00077
EXP.CRITICAL RANGE| .10 = .18| .40 = .89|.002= .003|.002= .003(.0005=.0008.0008=.0012
SUBWATERSHED TRIBUTARY LOADINGS FOR DRY LAKE - TOTAL LOADINGS

SUB DRAINAGE |# SEDIMENT| SEDIMENT |TOT.NITRO.|TOT.NITRO.|TOT.PHOS. |TOT.PHOS.

WATER AREA TON/YR TON/YR TON/YR TON/YR TON/YR TON/YR

SHED (ACRES) . | (ANN.+1YR) | (25YR.EVT) | (ANN.+1YR) | (25YR.EVT) | (ANN.+1YR) | (25¥R.EVT)

1 (230) 3640 328 656 6.2 4.7 1.5 1.5

2 (250) 960 134 480 1.5 1.8 .5 .7

3 (313) 3640 255 1140 4.7 5.5 1.7 1.8

4 (334) 840 25 131 .9 .9 .2 .3

5 (383) 3440 413 1340 10.0 7.6 2.6 2.5

6 (419) 800 104 437 1.2 1.5 .3 .6

7 (466) 2920 438 1891 4.7 5.8 1.5 2.3
TOTAL

LOADINGS| 16240 1697 6075 T 29.2 27.8 8.3 9.7

& - Annual loadings are estimated by calculating the NPS loadings for a 1 year 24 hour event and

assuming that there are 12 small rainfall events of 8" (E.I. = 3.0) in a normal year. Rainfall events
of less than .8" were modeled and found to produce insignificant amounts of sediment and nutrient

loadings.

v - In order to have any "statistical significant", the value of the sample standard
deviation (STDS) should be at least 50% of the mean value.

o - Values for smaller watersheds will be higher than larger watersheds because of the
inverse relationship of loadings to distance from a nonpoint source to the lake.
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SUBWATERSHED TRIBUTARY LOADING FOR LAKE POINSETT - PER ACRE

SDUDVWALL RO A A e e A e e

SUB DRAINAGE |# SEDIMENT| SEDIMENT |TOT.NITRO.|TOT.NITRO.| TOT.PHOS. | TOT.PHOS.
WATER AREA TON/AC/EVT | TON/AC/EVT | TON/AC/EVT | TON/AC/EVT | TON/AC/EVT| TON/AC/EVT
SHED (ACRES) | (ANN.+1YR)|(25YR.EVT) | (ANN.+1¥R) [ (25YR.EVT) | (ANN.+1YR) |(25YR.EVT)

1 (685) 1000 .12 .49 .0015 .0019 .00044 .00070
2 (756) 4960 .13 .47 .0016 .0018 .00045 .00065
3 (897) 960 .07 .16 .0011 .0010 .00029 .00030
4(1023) 3320 .09 .41 .0012 .0015 .00034 .00056
5(1065) 1600 .06 .24 .0007 .0010 .00022 .00035
6(1103) 2600 .07 .29 .0012 .0013 .00034 .00047
7(1104) 1720 .12 .46 .0015 .0017 .00044 .00064
MEAN .09 .36 .0013 .0015 .00036 .00052
MEDIAN .09 .41 .0012 .0015 .00034 .00056
¥STDS .03 .13 .0003 .0004 .00009 .00016
MEAN + 1STDS(0) .12 .49 .0016 .0019 .00045 .00068
OEXP.CRITICAL RANGE| .10 = .18| .40 = .89!.002= .003|.002> .003}|.0005=.0008|.0008=.0012

SUBWATERSHED TRIBUTARY LOADINGS FOR LAKE POINSETT - TOTAL LOADINGS

SUB DRAINAGE |# SEDIMENT| SEDIMENT |TOT.NITRO.|TOT.NITRO.|TOT.PHOS. |TOT.PHOS.
WATER AREA TON/YR TON/YR TON/YR TON/YR TON/YR TON/YR
SHED (ACRES) | (ANN.+1YR) | (25YR.EVT) [ (ANN.+1YR) | (25YR.EVT) { (ANN.+1¥YR) | (25YR.EVT)
1 (685) 1000 117 486 1.5 1.9 .4 .7
2 (756) 4960 620 2354 7.9 8.9 2.2 3.2
3 (897) 960 69 156 1.1 1.0 .3 .3
4(1023) 3320 312 1359 4.0 5.0 1.1 1.9
5(1065) 1600 91 378 1.1 1.6 .4 .6
6(1103) 2600 177 748 3.1 3.4 .9 1.2
7(1104) 1720 205 794 - 2.6 2.9 .8 1.1

TOTAL .
LOADINGS| 16160 1591 6275 21.3 24.7 6.1 9.0

& - Annual loadings are estimated by calculating the NPS loadings for a 1 year 24 hour event and
assuming that there are 12 small rainfall events of 8" (E.I. = 3.0) in a normal year. Rainfall events
of less than .8" were modeled and found to produce insignificant amounts of sediment and nutrient
loadings.

v - In order to have any "statistical significant", the value of the sample standard
deviation (STDS) should be at least 50% of the mean value.

¢ - Values for smaller watersheds will be higher than larger watersheds because of the
inverse relationship of loadings to distance from a nonpoint source to the lake.
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SUBWATERSHED TRIBUTARY LOADING FOR LAKE ALBERT - PER ACRE

SUB DRAINAGE |# SEDIMENT| SEDIMENT |TOT.NITRO.|TOT.NITRO.| TOT.PHOS. [ TOT.PHOS.
WATER AREA TON/AC/EVT | TON/AC/EVT | TON/AC/EVT | TON/AC/EVT| TON/AC/EVT| TON/AC/EVT
SHED (ACRES) | (ANN.+1¥R) | (25YR.EVT) | (ANN.+1YR) | (25YR.EVT) | (ANN.+1Y¥R)|(25YR.EVT)

1 (117) 3560 .05 .26 .0011 .0013 .00031 .00043

2 (200) 2960 .41 1.01 .0027 .0029 .00107 .00122

3 (327) 1440 .10 .40 .0011 .0013 .00031 .00051

4 (519) 3840 .14 .55 .0014 .0018 .00043 .00068

5 (580) 9200 .11 .41 .0014 .0015 .00041 .00056

6 (583) 4560 .05 .22 .0008 .0011 .00018 .00036

7 (686) 1200 .19 .86 .0014 .0022 .00046 .00091

8 (721) 1720 .14 .50 .0011 .0016 .00035 .00060

9 (749) 5520 .13 .47 .0010 .0015 .00035 .00058
{5
MEAN .15 .52 .0013 .0017 .00043 .00065
MEDIAN .13 .47 .0014 .0017 .00044 .00067
¥STDS .11 .26 .0005 .0006 .00025 .00027
MEAN + 1STDS(0) .26 .78 .0018 .0023 .00068 .00092
#EXP.CRITICAL RANGE| .10 = .18| .40 = .89|.002= ,003|.002= .003|.0005=.0008;.0008=.0012

SUBWATERSHED TRIBUTARY LOADINGS FOR LAKE ALBERT - TOTAL LOADINGS

SUB DRAINAGE |# SEDIMENT| SEDIMENT |TOT.NITRO.|TOT.NITRO.|TOT.PHOS. |TOT.PHOS.
WATER AREA TON/YR TON/YR TON/YR TON/YR TON/YR TON/YR
SHED (ACRES) | (ANN.+1YR) | (25YR.EVT) | (ANN.+1YR) | (25YR.EVT) | (ANN.+1YR) | (25YR.EVT)
1 (117) 3560 178 932 3.9 4.6 1.1 1.5
2 (200) 2960 1214 2988 8.0 8.6 3.2 3.6
3 (327) 1440 144 581 1.6 1.9 .4 .7
4 (519) 3840 538 2123 5.4 6.9 1.6 2.6
5 (580) 9200 1012 3798 12.9 13.8 3.8 5.2
6 (583) 4560 228 1022 3.6 5.0 .8 1.6
7 (686) 1200 228 1027 1.7 2.6 .6 1.1
8 (721) 1720 241 860 1.9 2.7 .6 1.0
9 (749) 5520 718 2620 5.5 8.3 1.9 3.2

e
TOTAL
LOADINGS| 34000 4501 15951 44.5 54.4 14.0 20.5

& - Annual loadings are estimated by calculating the NPS loadings for a 1 year 24 hour event and

assuming that there are 12 small rainfall events of .8" (E.I. = 3.0) in a normal year. Rainfall events
of less than .8" were modeled and found to produce insignificant amounts of sediment and nutrient

loadings.

v - In order to have any "statistical significant", the value of the sample standard
deviation (STDS) should be at least 50% of the mean value.

+ - Values for smaller watersheds will be higher than larger watersheds because of the
inverse relationship of loadings to distance from a nonpoint source to the lake.
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SEDIMENT YIELDS

The AGNPS data indicates that subwatersheds #2 and #7 (Lake Albert) and #7 (Dry Lake) have the
largest per acre impact on sediment loadings to the Lake Poinsett watershed (2+1 o (sample standard
deviation)). Subwatershed #2 (Lake Albert) appears to be contributing extremely high sediment amounts
to Lake Albert (.41 tons/acre/avg. year, 1.01 tons/acre/25 yr. event). The location of this subwatershed
is from the outlet of Lake Thisted to the inlet of Lake Albert.

SUBWATERSHED SEDIMENT YIELD  AERIAL DRAINAGE
% OF TOTAL LOAD % OF TOTAL AREA
#2 LAKE ALBERT 18.7% 8.7%
#7 LAKE ALBERT 6.4% 3.5%
#7 DRY LAKE 31.1% 18.0%
NITROGEN YIELDS

The AGNPS data indicates that subwatersheds #2 and #7 (Lake Albert) and #5 (Dry Lake) have the
largest per acre impact on nitrogen loadings to the Lake Poinsett watershed (2+1 o).

SUBWATERSHED NITROGEN YIELD  AERIAL DRAINAGE
% OF TOTAL LOAD % OF TOTAL AREA
#2 LAKE ALBERT 15.8% 8.7%
#5 DRY LAKE 27.3% 21.1%
#7 LAKE ALBERT 56% 3.5%
PHOSPHOROUS YIELDS

The AGNPS data indicates that subwatersheds #2 and #7 (Lake Albert) and #5 (Dry Lake) have the
largest per acre impact on phosphorous loadings to the Lake Poinsett watershed (>+1).

SUBWATERSHED PHOSPHOROUS YIELD AERIAL DRAINAGE
% OF TOTAL LOAD % OF TOTAL AREA

#2 LAKE ALBERT 17.6% 8.7%
#7 LAKE ALBERT 6.4% 3.5%
#5 DRY LAKE 313% 21.1%

Best Management Practices should be targeted to these four subwatersheds and selected critical cells as
identified on pages 12-14 in order to achieve the highest benefit/ cost ratio. It is recommended these
areas be "Field Verified"” prior to the installation of any Best Management Practices (BMP’s).
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Comparing AGNPS loading data to other watersheds (expected critical range), the NPS loadings appear
to be low except for the sediment yields from Lake Albert subwatersheds # 2 and #7 and nutrient yields
from the Lake Albert subwatershed #2 and Dry Lake subwatershed #5. The extremely high sediment
and nutrient yields from the Lake Albert subwatershed #2 can be partially attributed to the fact that as
the size of the subwatersheds decrease, the distance from the NPS source to the lake decrease, thereby
resulting in higher mean values. The Lake Albert #2 subwatershed should be the primary target for the
implementation of any future BMP’s. Based upon this analysis, it is recommended that conservation
practices should be targeted to erosion control practices concentrated in subwatersheds #2 and #7 (Lake
Albert) and #7 (Dry Lake) and that nutrient management practices should be concentrated in
subwatershed #2 and #7 of Lake Albert and #5 of Dry Lake. The most probable source of the high
nutrient yields found within the subwatersheds is from management and landuse practices rather than from
feedlots.

OBJECTIVE 2 - IDENTIFICATION OF CRITICAL NPS CELLS (25 YEAR EVENT)
DRY LAKE SUBWATERSHEDS

SUB DRAINAGE |NUM. CELLS % |[NUM. CELLS % |NUM. CELLS $ NUM. OF
WATERSHED AREA WITH WITH WITH FEEDLOTS
{(ACRES) EROSION > TOTAL NIT. TOTAL PHOS. IN SUB
. 3.9 TON/AC. >5.0 ppm >1.0 ppm WATERSHED
1 3640 18 20 1 1 i 1 0
2 960 7 29 0 o 0 0 0
3 3640 10 11 0 0 0 0 o
4 840 1 5 0 0 0 0 0
5 3440 3 3 17 20 17 20 1
6 800 1 5 0 0 0 0 o]
7 2920 16 22 o] 0 0 (o) o]

Priority erosion cells Priority feedlots Priority nitrogen cells Priority phosphorous cells

8 3.94 tons/acre # 499 (#10 out of 11) 8 161 832 ppm 161 183 ppm

9 39%4 " 365 508 " 365 105 "
10 394 " 366 583 " 366 124 "
11 394 " 367 583 " 367 124 "
20 39%4 " - 386 549 " 386 1.29 "
21 394 " 387 5.83 " 387 124 "
24 39 " 388 583 " 388 124 "
25 39 ) 389 5.83 " 389 124 "
36 394 " 407 8.86 " 407 200 "
37 3% " 408 516. ° 408 122 "
38 394 " 409 744 " 409 164 "
49 6.05 " 410 8.86 " 410 2.00 "
60 394 " 411 8.86 " 411 200 "
78 394 " 428 8.86 " 428 2.00 "
79 394 " 430 8.86 " 430 2.00 "
80 394 " 431 8.86 " 431 200 "
8 3954 " 432 8.86 " 432 2.00 "
98 394 " 499 552 " 499 105 "
101 3.94 "
106 3.94 "
107 394 "
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CONTINUED (DRY LAKE SUBWATERSHEDS - CRITICAL CELLS)

Priority erosion cells

117
118
120
136
139
140
141
157
158
181
182
185
200
201
202
222
330
346
347
414
416
435
436
437
460
462
463
464
487
488
510
511
512

3.94 tons/acre

394
394
3.94
394
394
3.94
3.94
3.94
3.94
3.94
3.94
3.94
3.94
394
394
3.94
394
3.94
3.94
394
3.4
3.94
3.94
3.94
422
3.94
3.94
3.94
394
3.94
394
3.94

E E s = = £ ] =z = 2 = = b E ] =z ] 2 E ] E k] 3 3 3 = L] E = = a2 2 2 E ] k]

Priority feedlots

Priority nitrogen cells

# 499 (#10 out of 11) 8

LAKE POINSETT SUBWATERSHEDS

Priority phosphorous cells

SUB DRAINAGE [NUM. CELLS % {NUM. CELLS % {NUM. CELLS % NUM. OF
WATERSHED AREA WITH WITH WITH FEEDLOTS
(ACRES) EROSION > TOTAL NIT. TOTAL PHOS. IN SUB
3.9 TON/AC. >5.0 ppm >1.0 ppm WATERSHED
1 1000 0 0 2 8 2 8 1l
2 4960 18 15 o 0 0 0 o
3 960 0 0 0 0 0 0 0
4 3320 8 10 0 0 0 0 0
5 1600 0 0 0 0 0 0 o
6 2600 1 1 2 3 4 6 0
7 1720 0 0 1 2 1 2 1
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CONTINUED (LAKE POINSETT SUBWATERSHEDS - CRITICAL CELLS)

Priority erosion cells

Priority feedlots

Priority nitrogen cells

Priority phosphorous cells

454 394 tons/acre # 742 (#1 out of 11) 55 741 892 ppm 741 191 ppm
455 394 " # 1126 (#5 out of 11) 31 742 11.78 " 742 257 "
456 394 " # 859 (#8 out of 11) 24 1260 5.83 " 1260 1.24 "
477 394 " # 1077 (#9 out of 11) 17 1269 553 " 1269 115 "
478 394 " # 1247 (#11 out of 11) 0 1280 6.05 " 1270 108 "
480 3.94 " 1280 1.28 "
551 394 " 1281 1.63 "
552 394 "
553 394 "
519 394 "
580 394 "
581 394 "
612 3.94 "
640 3954 "
722 394 "
748 394 "
749 394 "
752 394 "
1069 3.94 "
1070 3.94 "
1093 394 "
1094 3.94 "
1096 394 "
1097 394 "
1156 3.94 "
1157 394 "
1287 394 "
LAKE ALBERT SUBWATERSHEDS

SUB DRAINAGE |NUM. CELLS % |NUM. CELLS % |NUM. CELLS % NUM. OF
WATERSHED AREA WITH WITH WITH FEEDLOTS

(ACRES) |EROSION > TOTAL NIT. TOTAL PHOS. IN SUB
3.9 TON/AC. >4.0 ppm >.75 ppm WATERSHED

1 3560 17 19 2 2 5 6 2

2¢ 2960 13 17 15 20 16 2 1

3 1440 1 ‘3 0 0 0 0 0

4 3840 12 13 1 1 2 2 0

5 9200 31 14 4 2 5 2 0

6 4560 21 18 o (o] (0] o 0

7 1200 10 33 0 (¢} 0 4] o

8 1720 2 5 o (o] 0 0 0o

9 5520 23 17 2 2 2 2 1

+ Lake Albert subwatershed #2 is comprised of the drainage area from the outlet of Lake Thisted to the

inlet of Lake Albert.
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CONTINUED (LAKE ALBERT SUBWATERSHEDS - CRITICAL CELLS)

Priority erosion cells Priority feedlots Priority nitrogen cells Priority phosphorous cells

159 3.94 tons/acre # 186 (#2 ranked) 43 113 440 ppm 113 91 pp
177 394 y # 889 (#3 ranked) 34 130 403 " 30 78 °
186 394 " # 411 (#4 ranked) 33 131 435 " 131 8 "
187 394 " # 691 (#6 ranked) 30 132 435 " 132 8 "
200 3.94 " # 284 (#7 ranked) 28 156 435 " 137 8 "
202 394 " 157 435 . "
203 394 " 181 435 " 156 86
204 394 " 182 435 " 157 86 "
242 394 " 183 435 " 181 8 "
244 394 " 207 4.00 " 182 8 "
245 394 " 208 435 " 183 86 "
261 394 " 209 435 " 188 76 "
265 394 " 234 435 " 206 .75 "
266 3.94 " 235 435 " 207 78 "
268 394 " 261 435 " 208 86 "
272 394 " 284 5.69 " 20 8 "
284 394 " 411 5.94 " 380 106 "
285 394 " 461 4.59 g 411 18 "
292 394 " 462 459 " 430 76 "
203 394 " 540 459 " 461 94 "
294 394 ; 558 4.5% " 462 04 "
298 394 " 699 421 " 540 94 "
308 394 " 882 459 " 558 94 "
309 3.94 " 889 6.06 " 698 78 "
310 3.94 " 699 84
311 394 " 82 94
323 422 " 89 137 "
324 394 " 234 8 "
349 394 " 235 8 "
17 394 " 261 8 "
460 394 " 284 152 "
498 394 "
499 394 " CRITICAL CELLS ADJACENT TO SUBWATERSHED LA #2
500 394 " ~
505 394 " 107 508 " 107 105 "
506 3.94 " 108 583 108 124 "
507 3.94 " 109 583 " 109 124
508 394 " 128 404 " 128 81
530 394 " 175 459 " 153 a
531 394 " 175 94
533 394 "
538 394 "
539 394 "
565 394 "
596 394 "
604 394 "
646 394 "
647 394 "
648 394 "
682 394 "
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CONTINUED (LAKE ALBERT SUBWATERSHEDS - CRITICAL CELLS)

Priority erosion cells

683
684
709
710
i
712
746
747
733
740
741
742
766
710
m
T2
773
Ti6
788

N

3.94
3.94
394
3.94
394
3.94
394
3.94
3.94
3.94
3.94
3.94
394
3.94
3.94
3.94
394
3.94
3.94
394
394
394
3.94
3.94
3.94
3.94
3.94
3.94
3.4
3.94
394
34
394
394
3.94
3.94
394

- 394

394
394
394
394
3.94
3.94
3.94
3.94
3.94
3.94
3.94

tons/ acre

L]
”
"
"
L]
"
L]
L]
"
"
L
L]
L
"
L]
L
"
L
L]
L]
"
L]
"
L]
LJ
L]
"
L]
L]
L
L
"
L]
"
L]
"
"
"
L]
L)
L
L]
"
n
"
"
[]
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CONTINUED (LAKE ALBERT SUBWATERSHEDS - CRITICAL CELLS)

Priority erosion cells

943
944
960
961
962
963
977
978
979
980
998
999
1004
1005
1018
1019
1022
1033
1034
1035
1036
1039
1046
1047
1062
1063
1115
1117
1120
1121

3.94
394
394
3.94
3.94
394
3.94
394
394
3.94
394
3.94
3.94
394
394
3.94
394
3.94
3.94
3.94
394
3.94
394
394
3.94
3.94
394
394
394
3.94

tons/ acre

L]

Ed = s = = = Ed = =z = s E ] 2 £ ] = 2 E ] : 2 = 2 s 2 = P P = 2

CRITICAL EROSION CELLS IN SUBWATERSHEDS #5 & 7 (DRY), #2 & #7 (ALBERT)
DRY L AKE SUBWATERSHED 7 (HIGH SEDIMENT YIELD, ABOVE AVERAGE NUTRIENT YIELD)

Cell Sediment Nitrogen Phosphorous
(tons/ acre) (ppm) (ppm)
346 3.94 —— e
347 394 e e
414 394 B pu—
416 X S u——
435 394 e e
437 X S —
460 394 0 e e
462 394 —— e
463 394 0 e e
464 394  eemeeee e
487 3.94 B
488 394 e e
510 394 e e
511 394 e e
512 394 S
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L %

Cell

86
106
107
365
366
367
386
387
388
389
407
408
409
410
411
428
430
431
432
499

157

3

EEEBREERES

Sediment

(tons/ acre)

3.94

Sediment
(tons/ acre)

394
3.94
3.94
3.94
3.94
3.94
3.94
3.94
3.94
394
3.94
3.94

Nitrogen
(ppm)

5.83
549
5.83
583
5.83
8.86
5.16
7.44
8.86
8.86
8.86
8.86
8.86
8.86
522

P e

DRY LAKE SUBWATERSHED 5 (AVERAGE SEDIMENT YIELD, HIGH NUTRIENT YIELD)

Phosphorous
(ppm)

..........

LAKE AIBERT SUBWATERSHED 2 (HIGH SEDIMENT & NUTRIENT YIELD)
Cell

Phosphorous
(ppm)

RRIRRRRRERS

A:\POINSETT.RPT

AUGUST 16, 1995, 3:53PM



CONTINUED FROM PREVIOUS PAGE

LAKE AL BERT SUBWATERSHED 2 (HIGH SEDIMENT & NUTRIENT YIELD)

Cell Sediment Nitrogen Phosphorous
(tons/ acre) (ppm) (ppm)
209 0000 emeemeeee 435 86
<Y S — 435 86
7-< R ——— 435 86
261 e 435 86
7>, S — - 5.69 152

LAKE ALBERT SUBWATERSHED 7 (HIGH SEDIMENT YIELD, ABOVE AVERAGE NUTRIENT YIELD)

—Cell Sediment Nitrogen Phosphorous
(tons/ acre) (ppm) (ppm)

646 39 e e
647 394 e [
648 . X -
682 39 e e
683 X e —.
684 394 e e
712 K X S —
746 K X —
747 3.94 R e——
776 K X s e ——

An analysis of the Lake Poinsett watershed indicates that there are approximately 214 non-water cells
which have greater than 3.9 tons/ acre of sediment yield. This is approximately 13 % of the non-water
cells found within the watershed. The model also estimated that there are 26 cells which have nitrogen
yields of > S ppm and 29 cells which have phosphorous yields > 1.0 ppm. This is approximately 1.6 %
of the non-water cells within the watershed. The location and yields for each of these cells are listed on
pages 7-14, maps on pages 68-89 and 101-120. These cells should be given high priority when installing
any future Best Management Practices (BMP’s). The model indicated that sub-watersheds #2 & #7 (Lake
Albert) and #5 & #7 (Dry Lake) have the largest sediment and or nutrient yields per acre. Therefore
initial BMP’s should be concentrated in these four critical subwatersheds. If additional watershed BMP’s
outside of these four subwatersheds are implemented, than the cells listed on pages 7-14 should be
targeted for the implementation of appropriate BMP’s. It is recommended these areas be "Field Verified"
prior to the installation of any Best Management Practices.
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OBJECTIVE 3 - PRIORITY RANKING OF FEEDLOTS (25 YEAR EVENT)

A total of 11 feedlots were identified as potential NPS sources during the AGNPS data acquisition phase
of the project. Below is a listing of the AGNPS analysis of the feedlots:

FEEDLOT |SUBWATERSHED AGNPS RANKING |VARIANCE| VARIANCE |PRIORITY RANK BASED
{CELL, #) LOCATION RATING PRIORITY FROM FROM ON AGNPS RANK AND
(25 YR.EVT) MEAN 1 STD.DEV. |DISTANCE FACTORS ¢
OF 27.5 | (0=15.3)
FROM MEAN|C.FACT. |C.RATE|C.RANK
499 Dry Lake #5 8 10 - 19.5% - 1.27 1.00 8 10
742 Poinsett #1 55 1 + 27.5 + 1.79 .64 35 1
859 Poin.-Direct 24 8 - 3.5 - 0.23 1.00 24 6
1077 Poin.~-Direct 17 9 - 10.5 - 0.68 1.00 17 9
1126 Poin.~Direct 31 5 + 3.5 + 0.23 .72 22 7
1247 Poinsett #7 0 11 - 27.5 - 1.80 .42 0 11
186 Albert #1 43 2 + 15.5 + 1.01 .48 21 8
284 Albert #2 28 7 + 0.5 - .03 .90 25 )
411 Albert #1 33 4 + 5.5 + 0.36 .80 26 4
691 Badger-Dir. 30 6 + 2.5 + 0.16 1.00 30 2
889 Albert #9 34 3 + 6.5 + 0.43 .80 27 3

¢ -

DISTANCE TO STREAM FACTORS

1.0

Adjacent to stream =

within 1 cell (1300 feet) = .8
Within 2 cells (2600 feet) = .6
Within 3 cells (3900 feet) = .4
Within 4 cells (5200 feet) = .2

Mean value
Median value
STDS

Mean + 1STDS

27.5
30.0
15.3
42.8

DISTANCE TO LAKE FACTORS

Adjacent to lake

Within
Within
Within
Within

PRIORITY RANK = AGNPS 25 YEAR FEEDLOT RATING X DISTANCE TO STREAM X DISTANCE TO LAKE

= 1.0
4 cells (5200 feet) = .9
8 cells (10400 feet) = .8
16 cells (15600 feet) = .7
20 cells (20800 feet) = .6
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FEEDLOT SELECTION CRITERIA AND STATISTICS (NOT WEIGHTED FOR DISTANCE FACTORS)

1.) Animal feedlot ranking 25 year event
2.) Range of feedlot rankings 0-55
3.) Mean 27.5
4.) Sample standard deviation (o) 15.3

5.) Feedlots with rating > +1 o are: Cells 742, 186

Cell # 742 000

Nitrogen concentration (ppm) 65.563
Phosphorus concentration (ppm) 15.068
COD concentration (ppm) 1160.682
Nitrogen mass (1lbs) 357.528
Phosphorus mass (1lbs) 82.166
COD mass (1lbs) 6329.441
Animal feedlot rating number 55

anr > A~

Cell ¥ 186 000

Nitrogen concentration (ppm) 15.541
Phosphorus concentration (ppm) 5.708
COD concentration (ppm) 256.065
Nitrogen mass (1lbs) 144.474
Phosphorus mass (lbs) 53.064
COD mass (lbs) 2380.490
Animal feedlot rating number 43

(+1.790)

(+1.010)

FEEDLOTS8 WITH ELEVATED NUTRIENT RUNOFF LEVELS

Cell # 889 000

Nitrogen concentration (ppm) 53.184
Phosphorus concentration (ppm) 13.690

COD concentration (ppm) 997.721
Nitrogen mass (1lbs) 83.982
Phosphorus mass (1lbs) 21.617

COD mass (1lbs) 1575.488

Animal feedlot rating number 34 (+0.430)
Cell # 411 000

Nitrogen concentration (ppm) 34.154
Phosphorus concentration (ppm) 12.872

COD concentration (ppm) 581.504
Nitrogen mass (1lbs) 81.595
Phosphorus mass (lbs) 30.752

COD mass (1lbs) 1389.227

Animal feedlot rating number 33 (+0.360)
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Cell # 1126 000

Nitrogen concentration (ppm) 13.405
Phosphorus concentration (ppm) 3.998
COD concentration (ppm) 167.912
Nitrogen mass (1lbs) 98.858
Phosphorus mass (lbs) 29.483
COD mass (lbs) 1238.317
Animal feedlot rating number 31 (+0.230)

Feedlots located in cells 742 (Lake Poinsett #1) and 186 (Lake Albert #1) appear to be contributing
excessive nutrients to the watershed (> + 1o), while all other feedlots in the watershed appear to have very
little impact on nutrient loading. However, feedlots located in cells 889 (Lake Albert #9), 411 (Lake
Albert #1) and 1126 (Upper Poinsett - Direct) appear to be contributing moderate to high levels of
nutrients and should also be considered for treatment due to their AGNPS ranking and to their proximity
to major streams and lakes. Another possibly source of nutrient loading is from septic systems and from
livestock depositing fecal material directly into the lake or adjacent streams. Overall, the nutrients being
deposited from the watershed into Lake Poinsett appear to be fairly low.

CONCLUSIONS

Based upon a comparison of other watersheds in Eastern South Dakota, the overall sediment and nutrient
loadings to Lake Poinsett appear to be low. However, when a subwatershed analysis is performed, above
normal (> + 10) sediment loadings were found in subwatersheds #2 & #7 of Lake Albert and #7 of Dry
Lake (10.6% watershed area, 20.9% sediment), and high nutrient loadings were found in subwatersheds
#2 & #7 of Lake Albert and #5 of Dry Lake (11.0% watershed area, 17.6% total nitrogen, 18.4% total
phosphorous). The implementation of appropriate Best Management Practices targeted to critical cells
found within subwatersheds #2 & #7 of Lake Albert and #5 and #7 of Dry Lake, critical feedlots and
critical watershed cells found throughout the entire Lake Poinsett watershed should produce the most cost
effective treatment plan in reducing sediment and nutrient loadings to Lake Poinsett.

If you have any questions concerning this study , please contact the Department of Environment and
Natural Resources at 605-773-4216. :
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OVERVIEW OF AGNPS DATA INPUTS

OVERVIEW

Agricultural Nonpoint Source Pollution Model (AGNPS) is a computer simulation model developed to
analyze the water quality of runoff from watersheds. The model predicts runoff volume and peak rate,
eroded and delivered sediment, nitrogen, phosphorous, and chemical oxygen demand concentrations in
the runoff and the sediment for a single storm event for all points in the watershed. Proceeding from the
headwaters to the outlet, the pollutants are routed in a step-wise fashion so the flow at any point may be
examined. AGNPS is intended to be used as a tool to objectively evaluate the water quality of the runoff
from agricultural watersheds and to present a means of objectively comparing different watersheds
throughout the state.The model is intended for watersheds up to about 76,000 acres

(1900 cells @ 40 acres/cell).

The model works on a cell basis. These cells are uniform square areas which divide up the watershed
(figure 1). This division makes it possible to analyze any area, down to 1.0 acres, in the watershed. The
basic components of the model are hydrology, erosion, sediment transport, nitrogen (N), phosphorous (P),
and chemical oxygen demand (COD) transport. In the hydrology portion of the model, calculations are
made for runoff volume and peak concentration flow. Total upland erosion, total channel erosion, and
a breakdown of these two sources into five particle size classes (clay, silt, small aggregates, large
aggregates, and sand) for each of the cells are calculated in the erosion portion. Sediment transport is
also calculated for each of the cells in the five particle classes as well as the total. The pollutant transport
portion is subdivided into one part handling soluble pollutants and another part handling sediment
attached pollutants (figure 2).

PRELIMINARY EXAMINATION

A preliminary investigation of the watershed is necessary before the input file can be established. The
steps to this preliminary examination are:

1) Detailed topographic map of the watershed (USGS map 1:24,000) (figure 3).

2) Establish the drainage boundaries (figure 4).

3) Divide watershed up into cells (40 acre, 1320 X 1320). Only those cells with greater than 50% of
their area within the watershed boundary should be included (figure 5).

4) Number the cells consecutively from one to the number of cells (begin at NW corner of watershed
and precede west to east then north to south (figure 5).

5) Establish the watershed drainage pattern from the cells (figure 5).

DATA FILE

Once the preliminary examination is completed, the input data file can be established. The data file is
composed of the following 21 inputs per cell (table 1):

Data input for watershed (attachment 1)
1) a) Area of each cell (acres)

b) Total number of cells in watershed
¢) Precipitation for a ____ year, 24 hour rainfall
d) Energy intensity value for storm event previously selected
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Data input for each cell

1) Cell number (figure 6)

2) Receiving cell number (figure 6)

3) SCS number: runoff curve number (tables 2-4), (use antecedent moisture condition II)

4) Land slope (topographic maps) (figure 7), average slope if irregular, water or marsh = 0

5) Slope shape factor (figure 8), water or marsh = 1 (uniform)

6) Field slope length (figure 9), water or marsh = 0, for S.D. assume slope length area 1

7) Channel slope (average), topo maps, if no definable channel, channel slope = 1/2 land slope,
water or marsh = 0

8) Channel sideslope, the average sideslope (%), assume 10% if unknown, water or marsh=0 9)

9) Manning roughness coefficient for the channel (table 5), If no channel exists within the cell, select a
roughness coefficient appropriate for the predominant surface condition within the cell

10) Soil erodibility factor (attachment 2),water or marsh = 0

11) Cropping factor (table 6), assume conditions at storm or worst case condition (fallow or seedbed
periods), water or marsh = .00, urban or residential = .01

12) Practice factor (table 7), worst case = 1.0, water or marsh = 0 ,urban or residential = 1.0

13) Surface condition constant (table 8), a value based on land use at the time of the storm to make
adjustments for the time it takes overland runoff to channelize.

14) Aspect (figure 10), a single digit indicating the principal direction of drainage from the cell (if no
drainage = 0)

15) Soil texture, major soil texture and number to indicate each are:

Texture Input
Parameter
Water 0
Sand 1
Silt 2
Clay 3
Peat 4

16) Fertilization level, indication of the level of fertilization on the field.

Assume Fertilization (Ib./acre)

Level N P. Input
No fertilization 0 0 0
Low Fertilization 50 20 1
Average Fertilization 100 40 2
High Fertilization 200 80 3

avg. manure - low fertilization

high manure - avg.fertilization

water or marsh = 0

urban or residential = 0 (for normal practices)

17) Availability factor, (table 9) the percent of fertilizer left in the top half inch of soil at the time of the
storm. Worst case 100%, water or marsh = 0, urban or residential = 100%.
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18) Point source indicator: indicator of feedlot within the cell (0 = no feedlot, 1 = feedlot)

(attachment 3).
19) Gully source level: tons of gully erosion occurring in the cell or input from a sub-watershed

(attachment 4).
20) Chemical oxygen demand (COD) demand, (table 10) a value of COD for the land use in the cell.

21) Impoundment factor: number of impoundments in the cell (max. 13) (attachment S)
a) Area of drainage into the impoundment ~

b) Outlet pipe (inches)
22) Channel indicator: number which designates the type of channel found in the cell (Table 11)

DATA OUTPUT AT THE OUTLET OF EACH CELL

Hydrology
Runoff volume

Peak runoff rate
Fraction of runoff generated within the cell

Sediment Output
Sediment yield

Sediment concentration

Sediment particle size distribution
Upland erosion

Amount of deposition

Sediment generated within the cell
Enrichment ratios by particle size
Delivery ratios by particle size

Chemical Output

Nitrogen
Sediment associated mass

Concentration of soluble material
Mass of soluble material

Phosphorus
Sediment associated mass

Concentration of soluble material
Mass of soluble material

Chemical Oxygen Demand

Concentration
Mass

PARAMETER SENSITIVITY ANALYSIS

The most sensitive parameters affecting sediment and chemical yields are:
Land slope (LS)

Soil erodibility (K)

Cover-management factor (C)

Curve number (CN)

Practice factor (P)
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RAINFALL SPECS FOR THE LAKE POINSETT WATERSHED STUDY

EVENT RAINFALL ENERGY INTENSITY
Monthly 8 3.0
1 year 22 27.0
S year 33 65.0
10 year 39 93.0
25 year 45 127.0
50 year 5.1 167.0
100 year 5.6 205.0
A:\POINSETT.RPT 21 AUGUST 16, 1995, 3:53PM



UPPER LAKE POINSETT WATERSHED SUMMARY (25 YEAR EVENT)

Watershed Studied LAKE POINSETT WATERSHED
The area of the watershed is 52040.00 acres
The area of each cell is 40.00 acres
Type of event modeled 25 year, 24 hr.
The characteristic storm prec1p1tat10n is 4.50 inches
The storm energy-intensity value is 127.00

VALUES AT THE WATERSHED OUTLET (LAKE POINSETT OUTLET)

Cell number 659 000
Runoff volume 2.62 inches
Peak runoff rate 11358.13 cfs
Total Nitrogen in sediment 0.31 lbs/acre
Total soluble Nitrogen in runoff 1.42 lbs/acre
Soluble Nitrogen concentration in runoff 2.38 ppm
Total Phosphorus in sediment 0.15 lbs/acre
Total soluble Phosphorus in runoff 0.27 lbs/acre
Soluble Phosphorus concentration in runoff 0.45 ppm
Total soluble Chemical Oxygen Demand in runoff 54.02 lbs/acre

Soluble Chemical Oxygen Demand concentration in runoff 90.95 ppm

FEEDLOT ANALYSIS (25 YEAR EVENT)

Cell # A (499)

Nitrogen concentration (ppm) 6.194
Phosphorus concentration (ppm) 1.390
COD concentration (ppm) 51.417
Nitrogen mass (1lbs) 42.461
Phosphorus mass (1lbs) 9.527
COD mass (1lbs) 352.486
Animal feedlot rating number 8
Cell #B (742)

Nitrogen concentration (ppm) 65.563
Phosphorus concentration (ppm) 15.068
COD concentration (ppm) 1160.682
Nitrogen mass (1lbs) 357.528
Phosphorus mass (1lbs) 82.166
COD mass (1lbs) 6329.441
Animal feedlot rating number 55
Cell #C (859)

Nitrogen concentration (ppm) 12.083
Phosphorus concentration (ppm) 4.495
COD concentration (ppm) 202.334
Nitrogen mass (lbs) 39.535
Phosphorus mass (1lbs) 14.706
COD mass (1lbs) 662.021
Animal feedlot rating number 24
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FEEDLOT ANALYSIS (25 YEAR EVENT), continued

Cell #D (1077)

Nitrogen concentration (ppm) 8.357
Phosphoris concentration (ppm) 3.467
COD concentration (ppm) 155.776
Nitrogen mass (1lbs) 20.927
Phosphorus mass (1lbs) 8.682
COD mass (1lbs) 390.067
Animal feedlot rating number 17
Cell #E (1126)

Nitrogen concentration (ppm) 13.405
Phosphorus concentration (ppm) 3.998
COD concentration (ppm) 167.912
Nitrogen mass (1lbs) 98.858
Phosphorus mass (1lbs) 29.483
COD mass (lbs) 1238.317
Animal feedlot rating number 31
Cell #F (1247)

Nitrogen concentration (ppm) 0.851
Phosphorus concentration (ppm) 0.241
COD concentration (ppm) 7.297
Nitrogen mass (1lbs) 6.115
Phosphorus mass (lbs) 1.733
COD mass (1lbs) 52.413
Animal feedlot rating number 0

SEDIMENT ANALYSIS AT OUTLET (CELL #659, 25 YEAR EVENT)

Area Weighted Area
Erosion Delivery Enrichment Mean Weighted

Particle Upland Channel Ratio Ratio Conc. Yield Yield

type (t/a) (t/a) (%) - (ppm) (t/a) (tons)
CLAY 0.16 0.00 27 0 150.40 0.04 2324.36
SILT 0.10 0.00 1 0 2.64 0.00 40.78
SAGG 0.93 0.00 o 0 0.34 0.00 5.23
LAGG 0.41 0.00 4] 0 0.14 0.00 2.24
SAND 0.03 0.00 0 0 0.05 0.00 0.70
TOTAL 1.64 0.00 3 1l 153.57 0.05 2373.31
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HYDROLOGY OF PRIMARY SUBWATERSHEDS (25 YEAR EVENT)

~HYDR- Drainage Overland Upstream Peak Flow Downstream Peak Flow
Cell Area Runoff Runoff Upstream Runoff Downstrean
Num Div (acres) (in.) (in.) {(cfs) (in.) (cfs)
230 000 3640.00 2.29 2.37 1796.24 2.37 1768.60
250 000 960.00 0.90 2.11 586.14 2.06 578.22
313 000 3640.00 0.90 2.10 1520.48 2.09 1501.67
334 000 840.00 2.91 2.00 338.43 2.05 350.32
383 000 3440.00 2.91 2.56 2010.76 2.57 1991.86
419 000 800.00 2.05 '2.23 599.10 2.22 598.95
466 000 2920.00 0.90 2.03 2064.72 2.02 2017.17
685 000 1000.00 2.91 2.26 526.71 2.29 534.92
756 000 4960.00 2.29 2.20 2520.29 2.20 2489.98
897 000 960.00 2.05 1.95 647.34 1.95 643.55
1023 000 3320.00 0.90 1.89 1629.75 1.88 1586.64
1065 000 1600.00 1.97 1.67 750.19 1.67 746.15
1103 000 2600.00 2.05 2.06 1437.30 2.06 1433.14
1104 000 1720.00 2.29 2.17 1010.32 2.17 1004.67

SEDIMENT ANALYSIS FOR THE PRIMARY SUBWATERSHEDS (25 YEAR EVENT)

-SED- Cell Generated
Cell Particle Ercsicn Abkove Within Yield Deposition
Num Div Type (t/a) (tons) (tons) (tons) (%)
230 000 CLAY 0.21 475.70 8.29 483.38 0
SILT 0.12 0.91 4.97 16.05 -63
SAGG 1.18 1.14 47.23 57.54 -16
LAGG 0.52 3.86 20.71 75.06 -67
SAND 0.04 1.21 1.66 23.78 -88
TOTL 2.07 482.84 82.85 655.80 -14
250 000 CLAY 0.00 252.01 0.00 251.34 (V)
SILT 0.00 92.65 0.00 86.56 7
SAGG 0.00 187.55 0.00 135.16 28
LAGG 0.00 5.32 0.00 5.62 -5
SAND 0.00 1.67 0.00 1.76 -5
TOTL 0.00 539.20 0.00 480.44 11
313 000 CLAY 0.00 650.73 0.00 649.66 o
SILT 0.00 153.68 0.00 147.41 4
SAGG 0.00 398.21 0.00 325.83 . 18
LAGG 0.00 13.06 0.00 13.39 - -2
SAND 0.00 4.09 ‘0.00 4.20 -3
TOTL 0.00 1219.76 0.00 1140.49 6
334 000 CLAY 0.00 171.92 0.00 127.83 26
SILT 0.00 64.73 0.00 0.36 99
SAGG 0.00 222.57 0.00 0.44 100
LAGG 0.00 6.73 0.00 1.49 78
SAND 0.00 1.80 0.00 0.47 74
TOTL 0.00 467.74 0.00 130.59 72
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SEDIMENT ANALYSIS FOR THE PRIMARY SUBWATERSHEDS (25 YEAR EVENT), continued

-SED- Cell Generated
Cell Particle Erosion Above Within Yield Deposition
Num Div | Type (t/a) (tons) (tons) -(tons) (%)
383 000 CLAY 0.16 590.81 6.26 596.38 0
SILT 0.09 191.87 3.76 190.02 3
SAGG 0.89 568.86 35.68 527.11 i3
LAGG 0.39 20.54 15.65 20.84 42
SAND 0.03 5.48 1.25 5.57 17
TOTL 1.56 1377.55 62.60 1339.92 7
419 000 CLAY 0.16 193.64 6.30 198.98 o
SILT 0.09 77.08 3.78 71.58 11
SAGG 0.90 252.52 35.89 164.59 43
LAGG 0.39 1.77 15.74 1.54 91
SAND 0.03 0.17 1.26 0.20 86
TOTL 1.57 525.19 62.97 436.89 26
466 000 CLAY 0.00 691.70 0.00 691.10 (0]
SILT 0.00 290.96 0.00 284.51 2
SAGG 0.00 1010.48 0.00 908.05 10
LAGG 0.00 7.75 0.00 5.78 25
SAND 0.00 2.25 0.00 1.81 19
TOTL 0.00 2003.14 0.00 1891.25 6
685 000 CLAY 0.00 253.24 0.00 251.00 1
SILT 0.00 115.99 0.00 92.05 21
SAGG 0.00 488.01 0.00 142.29 71
LAGG .00 16.87 .00 0.17 99
SAND 0.00 2.29 0.00 0.05 98
TOTL 0.00 876.40 0.00 485.56 45
756 000 CLAY 0.30 997.94 11.81 1008.94 0
‘SILT 0.18 324.02 7.08 324.52 2
SAGG 1.68 992.02 67.30 963.41 9
LAGG 0.74 46.70 29.52 45.63 40
SAND 0.06 11.90 2.36 11.96 16
TOTL 2.95 2372.58 118.07 2354.46 3
897 000 CLAY 0.08 103.45 3.31 106.50 (0]
SILT 0.05 17.77 1.99 18.66 6
SAGG 0.47 2.65 18.89 18.69 13
LAGG 0.21 0.14 8.29 9.43 -11
SAND 0.02 " 0.04 0.66 2.78 -75
TOTL 0.83 124.05 33.14 156.06 1
1023 000 CLAY 0.00 576.63 0.00 575.72 (0]
SILT 0.00 231.30 0.00 222.14 4
SAGG 0.00 664.54 0.00 547.54 18
LAGG 0.00 24.06 0.00 10.46 57
SAND 0.00 6.30 0.00 3.28 48
TOTL 0.00 1502.83 0.00 1359.13 10
1065 000 CLAY 0.15 149.63 5.89 155.13 (0]
SILT 0.09 44.48 3.53 45.16 6
SAGG 0.84 188.55 33.57 166.93 25
LAGG 0.37 15.19 14.72 8.33 72
SAND 0.03 3.65 1.18 2.14 56
TOTL 1.47 401.50 58.90 377.68 18
25 AUGUST 16, 1995. 3:53°M
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SEDIMENT ANALYSIS AT THE PRIMARY SUBWATERSHEDS (25 YEAR EVENT), continued

-SED- Cell Generated
Cell Particle Erosion Above Within Yield Deposition
Num Div TYpe (t/a) (tons) (tons) (tons) (%)
1103 000 CLAY 0.17 344.96 6.67 351.25 (0]
SILT 0.10 63.34 4.00 65.57 3
SAGG 0.95 319.90 38.05 315.27 12
LAGG 0.42 14.29 16.69 13.01 58
SAND 0.03 3.10 1.33 3.02 32
TOTL 1.67 745.60 66.75 748.12 8
1104 000 CLAY 0.30 274.93 11.89 286.32 o
SILT 0.18 100.70 7.14 103.25 4
SAGG 1.70 403.61 67.80 385.60 18
LAGG 0.74 14.60 29.74 15.20 66
SAND 0.06 3.35 2.38 3.46 40
TOTL 2.97 797.20 118.95 793.84 13
CONDENSED SOIL LOSS (25 YEAR EVENT)
----- RUNOFF === SEDIMENT ===m=c—s—=c=——
Drainage Generated Peak Cell Generated
Cell Area vVol. Above Rate Erosion Above Within Yield Depc
Num Div (acres) (in.) (%) (cfs) (t/a) (tons) (tons) (tons) (%)
230 000 3640.00 2.29 98.9 1768.60 2.07 482.84 82.85 655.80 =14
250 000 960.00 0.90 98.2 578.22 0.00 539.20 0.00 480.44 b |
313 000 3640.00 0.90 99.5 1501.67 0.00 121%8.76 0.00 1140.49 €
334 000 840.00 2.91 93.2 350.32 0.00 467.74 0.00 130.59 72
383 000 3440.00 2.91 98.7 1991.86 1.56 1377.55 62.60 1339.92 7
419 000 800.00 2.05 95.4 598.95 1.57 525.19 62.97 436.89 2¢€
466 000 2920.00 0.90 99.4 2017.17 0.00 2003.14 0.00 1891.25 €
685 000 1000.00 2.91 94.9 534.92 0.00 -876.40 0.00 485.56 £=
756 000 4960.00 2.29 99.2 2489.98 2.95 2372.58 118.07 2354.46 £
897 000 960.00 2.05 95.6 643.55 0.83 124.05 33.14 156.06 B |
1023 000 3320.00 0.90 99.4 1586.64 0.00 1502.83 0.00 1359.13 ac
1065 000 1600.00 1.97 97.1 746.15 1.47 401.50 58.90 377.68 1E
1103 000 2600.00 2.05 98.5 1433.14 1.67 745.60 66.75 748.12 £
1104 000 1720.00 2.29 97.5 1004.67 2.97 797.20 118.95 793.84 1z
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NUTRIENT ANALYSIS (25 YEAR EVENT)

NITROGEN
=== Sediment «-~- --=-- Water Soluble ----
Drainage Within Cell Within Cell
Cell Area Cell Outlet Cell Outlet Conc
Num Div (acres) (lbs/a) (1lbs/a) (lbs/a) (lbs/a) (ppm)
230 000 3640.00 6.51 0.92 2.26 1.77 3.30
250 000 960.00 0.00 2.09 0.17 1.63 3.49
313 000 3640.00 -~ 0.00 1.44 0.17 1.46 3.09
334 000 840.00 0.00 0.82 0.82 1.47 3.18
383 000 3440.00 5.21 1.71 3.84 2.70 4.64
419 000 800.00 5.23 2.24 1.04 1.56 3.10
466 000 2920.00 0.00 2.57 0.17 1.52 3.33
685 000 1000.00 0.00 2.04 0.82 1.93 3.71
756 000 4960.00 8.65 2.00 2.26 1.62 3.25
897 000 960.00 3.13 0.85 1.04 1.06 2.40
1023 000 3320.00 0.00 1.78 0.17 1.24 2.91
1065 000 1600.00 4.96 1.15 0.94 0.82 2.15
1103 000 2600.00 5.48 1.34 1.20 1.32 2.83
1104 000 1720.00 8.70 1.96 1.65 1.45 2.95
NUTRIENT ANALYSIS (25 YEAR EVENT)
PHOSPHORUS
-—== Sediment ---- ---- Water Soluble -==---
Drainage Within Cell Within Cell
Cell Area Cell Outlet Cell Outlet Conc
Num Div ‘(acres) (lbs/a) (1bs/a) (lbs/a) (lbs/a) (ppm)
230 000 3640.00 3.26 0.46 0.45 0.37 0.68
250 000 960.00 0.00 1.05 0.01 0.31 0.66
313 000 3640.00 0.00 0.72 0.01 0.28 0.60
334 000 840.00 0.00 0.41 0.27 0.28 0.61
383 000 3440.00 2.60 0.86 ‘ 0.81 0.57 0.99
419 000 800.00 2.62 1.12 0.17 0.29 0.57
466 000 2920.00 0.00 1.29 0.01 0.28 0.62
685 000 1000.00 0.00 1.02 0.16 0.37 0.72
756 000 4960.00 4.32 1.00 0.45 0.31 0.62
897 000 960.00 1.57 0.43 0.17 0.16 0.37
1023 000 3320.00 0.00 0.89 0.01 0.22 0.53
1065 000 1600.00 2.48 0.57 0.15 0.14 0.37
1103 000 2600.00 2.74 0.67 0.21 0.26 0.57
1104 000 1720.00 4.35 0.98 0.31 0.30 0.61
27 AUGUST 16, 1995, 3:53PM
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NUTRIENT ANALYSIS (25 YEAR EVENT)

CHEMICAL OXYGEN DEMAND

-=== Sediment ==-- ~--- Water Soluble -----
_ Drainage Within Cell Within Cell

Cell Area Cell Outlet Cell Outlet Conc

Num Div (acres) (1lbs/a) (lbs/a) (1bs/a) (lbs/a) (ppm)
230 000 3640.00 . 88.00 71.93 133.97

250 000 960.00 12.00 75.62 161.95

313 000 3640.00 12.00 65.10 137.66

334 000 840.00 16.00 67.96 146.62

383 000 3440.00 ' 112.00 89.50 154.04

419 000 800.00 37.00 72.95 145.06

466 000 2920.00 ) 12.00 68.53 150.13

685 000 1000.00 16.00 85.24 164.44

756 000 4960.00 88.00 77.45 155.08

897 000 960.00 37.00 50.66 114.64

1023 000 3320.00 12.00 57.48 135.25
1065 000 1600.00 36.00 43.47 114.63
1103 000 2600.00 79.00 60.57 129.97
1104 000 1720.00 88.00 66.47 135.15
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UPPER LAKE POINSETT WATERSHED SUMMARY (1 YEAR EVENT)

Watershed Studied

The area of the watershed is

The area of each cell is

Type of event modeled

The characteristic storm precipitation is

LAKE POINSETT WATERSHED
52040.00 acres

40.00 acres

1 year,

2.20 inches

24 hr.

The storm energy-intensity value is 27.00

VALUES AT THE WATERSHED OUTLET (LAKE POINSETT OUTLET)

Cell number

659 000

Runoff volume 0.89 inches

Peak runoff rate
Total Nitrogen in sediment

3915.00 cfs
0.04 lbs/acre

Total soluble Nitrogen in runoff 0.84 lbs/acre
Soluble Nitrogen concentration in runoff 4.15 ppm
Total Phosphorus in sediment 0.02 lbs/acre
Total soluble Phosphorus in runoff 0.17 lbs/acre
Soluble Phosphorus concentration in runoff 0.82 ppm
Total soluble Chemical Oxygen Demand in runoff 14.02 lbs/acre

Soluble Chemical Oxygen Demand concentration in runoff 69.47 ppm

FEEDLOT ANALYSIS (1 YEAR EVENT)

Cell #A (499)

Nitrogen concentration (ppm) 6.194
Phosphorus concentration (ppm) 1.390
COD concentration (ppm) 51.417
Nitrogen mass (1lbs) 11.121
Phosphorus mass (lbs) 2.495
COD mass (1lbs) 92.320
Animal feedlot rating number 0
Cell #B (742)

Nitrogen concentration (ppm) 65.563
Shosphorus concentration (ppm) 15.068
20D concentration (ppm) 1160.682
Nitrogen mass (1lbs) 93.641
Phosphorus mass (lbs) 21.520
COD mass (1lbs) 1657.757
Animal feedlot rating number 35
Cell #C (859)

Nitrogen concentration (ppm) 12.083

Phosphorus concentration (ppm) 4.495

COoD concentration (ppm) 202.334

Nitrogen mass (1lbs) 10.355

Phosphorus mass (lbs) 3.852

coD mass (lbs) 173.391

Animal feedlot rating number 6
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FEEDLOT ANALYSIS (1 YEAR EVENT), continued

Cell #D (1077)

Nitrogen concentration (ppm) 8.357
Phosphorus concentration (ppm) 3.467
COD concentration (ppm) 155.776
Nitrogen mass (lbs) : 6.795
Phosphorus mass (lbs) 2.819
COD mass (1lbs) 126.654
Animal feedlot rating number 2

Cell #E (1126)

Nitrogen concentration (ppm) 13.405
Phosphorus concentration (ppm) 3.998
COD concentration (ppm) 167.912
Nitrogen mass (1lbs) 25.892
Phosphorus mass (lbs) 7.722
COD mass (1lbs) - 324.330
Animal feedlot rating number 12

Cell #F (1247)

Nitrogen concentration (ppm) 0.851
Phosphorus concentration (ppm) 0.241
COD concentration (ppm) 7.297
Nitrogen mass (1ibS) 1.2858
Phosphorus mass (lbs) 0.563
COD mass (1lbs) : 17.019
Animal feedlot rating number 0

SEDIMENT ANALYSIS AT OUTLET (CELL #659, 1 YEAR EVENT)

Area Weighted Area
Erosion Delivery Enrichment Mean Weighted

Particle Upland Channel Ratio Ratio Conc. Yield Yield

type (t/a) (t/a) (%) (ppm) (t/a) (tons)
CLAY 0.03 0.00 11 10 38.03 0.00 199.68
SILT 0.02 0.00 0 0 0.72 0.00 3.76
SAGG 0.20 0.00 0 0 0.47 0.00 2.48
LAGG 0.09 0.00 0 0 0.24 0.00 . 1.29
SAND 0.01 0.00 0 0 0.08 0.00" 0.40
TOTAL 0.35 0.00 1 1 39.54 0.00 207.62
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HYDROLOGY OF PRIMARY SUBWATERSHEDS (1 YEAR EVENT)

-HYDR- Drainage Overland Upstream Peak Flow Downstream Peak Flow
Cell Area Runoff Runoff Upstream Runoff Downstream
Num Div (acres) (in.) (in.) (cfs) (in.) (cfs)
230 000 3640.00 0.60 0.65 528.74 0.65 520.26
250 000 960.00 0.07 0.53 164.07 0.51 159.82
313 000 3640.00 0.07 0.53 416.88 0.53 410.34
334 000 840.00 0.94 0.49 92.34 0.51 97.45
383 000 3440.00 0.94 0.77 645.34 0.77 639.80
419 000 800.00 0.48 0.57 170.77 0.57 169.98
466 000 2920.00 0.07 0.50 552.48 0.49 537.46
685 000 1000.00 0.94 0.59 151.24 0.60 155.29
756 000 4960.00 0.60 0.57 700.00 0.57 691.52
897 000 960.00 0.48 0.53 194.13 0.53 191.81
1023 000 3320.00 0.07 0.44 414.06 0.44 401.53
1065 000 1600.00 0.45 0.36 180.15 0.36 179.32
1103 000 2600.00 0.48 0.52 396.09 0.52 394.42
1104 000 1720.00 0.60 0.57 289.94 0.57 288.17

SEDIMENT ANALYSIS FOR THE PRIMARY SUBWATERSHEDS ( 1 YEAR EVENT).

-SED- Cell Generated
Cell Particle Erosion Above Within Yield Deposition
Num Div Type (t/a) (tons) (tons) (tons) (%)

230 000 CLAY 0.04 62.95 1.76 64.55 (0]
SILT 0.03 0.46 1.06 6.60 =77
SAGG 0.25 0.57 10.04 15.48 =31
LAGG 0.11 1.93 4.40 40.24 -84
SAND 0.01 0.61 0.35 12.89 -93
TOTL 0.44 66.52 17.61 139.75 -40

250 000 CLAY 0.00 52.43 0.00 52.12 1
SILT 0.00 11.94 0.00 10.32 14
SAGG 0.00 9.51 0.00 4.85 49
LAGG 0.00 2.51 0.00 2.64 -5
SAND 0.00 0.79 0.00 0.83 -5
TOTL 0.00 77.16 0.00 70.77 8

313 000 CLAY 0.00 116.21 0.00 115.79 o
SILT 0.00 .21.82 0.00 19.97 8
SAGG 0.00 24 .69 0.00 16.26 34
LAGG 0.00 6.27 0.00 6.44 -3
SAND 0.00 1.97 0.00 2.02 -3
TOTL 0.00 170.97 0.00 160.49 (3

334 000 CLAY 0.00 35.76 0.00 18.00 50
SILT 0.00 9.59 0.00 0.17 98
SAGG 0.00 19.06 0.00 0.21 9¢
LAGG 0.00 2.67 0.00 0.70 74
SAND 0.00 0.80 0.00 0.22 73
TOTL 0.00 67.88 0.00 19.30 72

31 AUGUST 16, 1995 353PM
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SEDIMENT ANALYSIS FOR THE PRIMARY SUBWATERSHEDS ( 1 YEAR EVENT), continued

~SED- Cell Generated
Cell Particle Erosion Above Within Yield Deposition
Num Div Type (t/a) (tons) (tons) (tons) (%)
383 000 CLAY 0.03 118.47 1.33 119.53 0
SILT 0.02 30.66 0.80 29.75 5
SAGG 0.19 57.96 7.59 50.58 23
LAGG 0.08 9.23 3.33 9.40 25
SAND 0.01 2.80 0.27 2.85 7
TOTL 0.33 219.12 13.31 212.10 9
419 000 CLAY 0.03 40.41 1.34 41.31 1
SILT 0.02 11.23 0.80 9.24 23
SAGG 0.19 19.90 7.63 8.87 68
LAGG 0.08 0.27 3.35 0.31 91
SAND 0.01 0.06 0.27 0.07 78
TOTL 0.33 71.87 13.39 59.81 30
466 000 CLAY 0.00 142.68 0.00 142.40 0
SILT 0.00 44.68 0.00 42.47 5
SAGG 0.00 81.90 0.00 64.28 . 22
LAGG 0.00 3.33 0.00 2.72 18
SAND 0.00 1.02 0.00 0.85 17
TOTL 0.00 273.62 0.00 252.72 8
685 000 CLAY 0.00 53.30 0.00 52.28 2
SILT 0.00 18.84 0.00 11.29 40
SAGC 0.00 55.51 0.00 0.02 100
LAGG 0.00 3.71 0.00 0.08 S8
SAND 0.00 0.82 0.00 0.03 97
TOTL 0.00 132.18 0.00. 63.69 52
756 000 CLAY 0.06 187.71 2.51 189.89 0
SILT 0.04 47.53 1.51 47.04 4
SAGG 0.36 94.21 14.31 89.40 18
LAGG 0.16 18.69 6.28 18.77 25
SAND 0.01 5.54 0.50 5.65 6
TOTL 0.63 353.68 25.10 350.75 7
897 000 CLAY 0.02 20.86 0.70 21.45 1
SILT 0.01 0.95 0.42 1.29 6
SAGG 0.10 0.02 4.02 3.72 8
LAGG 0.04 0.07 1.76 4.50 -59
SAND 0.00 0.02 0.14 1.41 -88
TOTL 0.18 21.92 7.05 32.37 -11
1023 000 CLAY 0.00 119.61 0.00 119.17 0
SILT 0.00 32.26 0.00 29.40 9
SAGG 0.00 49.89 0.00 31.88 36
LAGG 0.00 9.24 0.00 4.79 | 48
SAND 0.00 2.77 0.00 1.50 46
TOTL 0.00 213.76 0.00 186.74 13
1065 000 CLAY 0.03 27.50 1.25 28.58 1
SILT 0.02 7.34 0.75 7.04 i3
SAGG 0.18 20.03 7.14 14.57 46
LAGG 0.08 5.15 3.13 3.00 64
SAND 0.01 1.53 0.25 0.89 50
TOTL 0.31 61.54 12.52 54.08 27
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SEDIMENT ANALYSIS AT PRIMARY SUBWATERSHEDS ( 1 YEAR EVENT), continued

-SED- Cell Generated

Cell Particle Erosion Above Within Yield Deposition

Num Div  Type (t/a) (tons) (tons) . (tons) (%)

1103 000 CLAY 0.04 55.25 1.42 56.54 0
SILT 0.02 12.28 0.85 12.40 6
SAGG 0.20 42.99 8.09 39.02 24
LAGG 0.09 4.80 3.55 4.67 44
SAND 0.01 1.36 0.28 1.35 18
TOTL 0.35 116.67 14.19 113.97 13

1104 000 CLAY 0.06 51.26 2.53 53.59 0
SILT 0.04 17.21 1.52 17.11 9
SAGG 0.36 39.68 14.41 36.56 32
LAGG 0.16 5.26 6.32 5.43 53
SAND 0.01 1.54 0.51 1.56 24
TOTL 0.63 114.93 25.29 114.25 19

CONDENSED SOIL LOSS (1 YEAR EVENT)

----- RUNOFF - SEDIMENT --==—=======

~ Drainage Generated Peak Cell Generated
Cell Area vVol. Above Rate Erosion Above Within Yield Depo
Num Div (acres) (in.) (%) (cfs) (t/a) (tons) (tons) (tons) (%)

230 000 3640.00 0.60 99.0 520.26 0.44 66.52 17.61 139.75 =40
250 000 960.00 0.07 99.4 159.82 0.00 77.16 0.00 70.77 8
313 000 3640.00 0.07 99.9 410.34 0.00 170.97 0.00 160.49 6
334 000 840.00 0.94 91.2 97.45 0.00 67.88 0.00 19.30 72
383 000 3440.00 0.94 98.6 639.80 0.33 219.12 13.31 212.10 9
419 000 800.00 0.48 95.7 169.98 0.33 71.87 13.39 59.81 30
466 000 2920.00 0.07 99.8 537.46 0.00 273.62 0.00 252.72 8
685 000 1000.00 0.94 93.7 155.29 0.00 132.18 0.00 63.69 52
756 000 4960.00 0.60 99.2 691.52 0.63 353.68 25.10 350.75 7
897 000 960.00 0.48 96.2 191.81 0.18 21.92 7.05 32.37 -11
1023 000 3320.00 0.07 99.8 401.53 0.00 213.76 0.00 186.74 13
1065 000 1600.00 0.45 96.9 179.32 0.31 61.54 12.52 54.08 27
1103 000 2600.00 0.48 98.6 394.42 0.35 116.67 14.19 113.97 13
1104 000 1720.00 ©0.60 97.5 288.17 0.63 114.93 25.29 114.25 19
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NUTRIENT ANALYSIS (1 YEAR EVENT)

NITROGEN

=—== Sediment ==== 0 =—=—- Water Soluble —===ea
Drainage Within Cell Within Cell
Cell Area Cell Outlet Cell Outlet Conc
Num Div (acres) (1bs/a) (lbs/a) (1lbs/a) (lbs/a) (ppm)
230 000 3640.00 1.89 0.27 1.46 1.10 7.49
250 000 960.00 0.00 0.45 0.01 1.01 8.74
313 000 3640.00 0.00 0.30 0.01 0.89 7.44
334 000 840.00 0.00 0.18 0.40 0.90 7.79
383 000 3440.00 1.51 0.39 © 2.32 1.66 9.50
419 000 800.00 1.52 0.46 0.60 0.95 7.45
466 000 2920.00 0.00 0.51 0.01 0.94 8.38
685 000 1000.00 0.00 0.40 0.40 1.05 7.72
756 000 4960.00 2.51 0.44 1.46 1.00 7.73
897 000 960.00 0.91 0.24 0.60 0.62 5.17
1023 000 3320.00 0.00 0.36 0.01 0.73 7.37
1065 000 1600.00 1.44 0.24 0.53 0.44 5.36
1103 000 2600.00 1.59 0.30 0.72 0.79 6.67
1104 000 1720.00 2.52 0.42 . 1.01 0.87 6.73
NUTRIENT ANALYSIS (1 YEAR EVENT)
PHOSPHORUS
===~ Sediment === = o—=-=- Water Soluble —==-==-
' Drainage Within Cell Within Cell
Cell Area Cell Outlet Cell Outlet Conc
Num Div (acres) (lbs/a) (1lbs/a) (lbs/a) (lbs/a) (ppn)
230 000 3640.00 0.94 0.13 0.28 0.23 1.57
250 000 960.00 0.00 0.23 0.00 0.19 1.68
313 000 3640.00 0.00 0.15 0.00 0.18 1.50
334 000 840.00 0.00 0.09 0.17 0.18 1.53
383 000 3440.00 0.75 0.20 0.46 0.34 1.95
419 000 800.00 0.76 0.23 0.11 0.18 1.41
466 000 2920.00 0.00 0.26 0.00 : 0.18 1.60
685 000 1000.00 0.00 0.20 0.10 0.20 1.50
756 000 4960.00 1.25 0.22 ' 0.28 0.20 1.52
897 000 960.00 0.45 0.12 0.11 0.10 0.85
1023 000 3320.00 0.00 0.18 0.00 0.14 1.39
1065 000 1600.00 0.72 0.12 0.10 0.08. 1.02
1103 000 2600.00 0.79 0.15 0.13 0.16 1.39
1104 000 1720.00 1.26 0.21 0.19 0.18 1.42
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NUTRIENT ANALYSIS (1 YEAR EVENT)

CHEMICAL OXYGEN DEMAND

~=== Sediment ~==-- = ==—=—— Water Soluble =--=——=
Drainage Within Cell Within Cell

Cell Area Cell Outlet Cell Outlet Conc
Num Div (acres) (lbs/a) (1bs/a) (lbs/a) (lbs/a) (ppm)
230 000 3640.00 23.00 18.96 129.05
250 000 960.00 1.00 19.43 167.47
313 000 3640.00 1.00 16.67 139.30
334 000 840.00 5.00 17.37 150.26
383 000 3440.00 36.00 25.62 146.99
419 000 800.00 9.00 18.81 146.93
466 000 2920.00 1.00 17.45 155.95
685 000 1000.00 5.00 22.26 163.73
756 000 4960.00 23.00 20.13 155.47
897 000 960.00 9.00 13.16 110.46
1023 000 3320.00 1.00 - 14.15 142.98
1065 000 1600.00 8.00 10.26 125.07
1103 000 2600.00 19.00 15.45 130.97
1104 000 1720.00 23.00 17.38 134.85
35 : AUGUST 16. 19%5. 353PM
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UPPER LAKE POINSETT WATERSHED SUMMARY (MONTHLY EVENT)

Watershed Studied LAKE POINSETT WATERSHED

The area of the watershed is 52040.00 acres
The area of each cell is ' : 40.00 acres
Type of event modeled MONTHLY EVENT
The characteristic storm precipitation is 0.80 inches
The storm energy-intensity value is 3.00

VALUES AT THE WATERSHED OUTLET (LAKE POINSETT OUTLET)

Cell number ' 659 000
Runoff volume : 0.18 inches
Peak runoff rate 825.33 cfs
Total Nitrogen in sediment 0.00 lbs/acre
Total soluble Nitrogen in runoff 0.11 lbs/acre
Soluble Nitrogen concentration in runoff 2.69 ppm
Total Phosphorus in sediment 0.00 lbs/acre
Total soluble Phosphorus in runoff 0.02 lbs/acre
Soluble Phosphorus concentration in runoff 0.40 ppnm
Total soluble Chemical Oxygen Demand in runoff 0.49 lbs/acre

Soluble Chemical Oxygen Demand concentration in runoff 11.84 ppm

SEDIMENT ANALYSIS AT OUTLET (CELL #659, MONTHLY EVENT)

Area Weighted Area
Erosion Delivery Enrichment Mean Weighted

Particle Upland Channel Ratio Ratio conc. Yield Yield

type (t/a) (t/a) (%) (ppm) (t/a) (tons)
CLAY 0.00 0.00 3 7 5.40 0.00 5.86
SILT 0.00 0.00 1 2 0.98 0.00 1.06
SAGG 0.02 0.00 0 0 0.51 0.00 0.56
LAGG 0.01 0.00 0 0 0.53 0.00 0.57
SAND .00 0.00 0] 1 0.17 0.00 0.18
TOTAL 0.04 0.00 0 1 7.59 0.00 8.22

HYDROLOGY OF PRIMARY SUBWATERSHEDS (MONTHLY EVENT)

-HYDR- Drainage Overland Upstream Peak Flow Downstream Peak Flow
Cell Area Runoff Runoff Upstream Runoff Downstrean

Num Div (acres) (in.) (in.) (cfs) (in.) (cfs)
230 000 3640.00 0.02 0.03 29.67 0.03 29.08
250 000 960.00 0.00 0.02 6.41 0.02 6.20
313 000 3640.00 0.00 0.02 18.64 0.02 18.32
334 000 840.00 0.09 0.01 3.49 0.02 4.37
383 000 3440.00 0.09 0.07 69.49 0.07 68.88
419 000 800.00 0.01 0.01 5.93 0.01 5.75
466 000 2920.00 0.00 0.01 20.21 0.01 19.61
685 000 1000.00 0.09 0.02 5.62 0.02 6.55
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HYDROLOGY OF PRIMARY SUBWATERSHEDS (MONTHLY EVENT), continued

-HYDR- Drainage Overland Upstream Peak Flow Downstream Peak Flow
Cell Area Runoff Runoff Upstream Runoff Downstream
Num Div (acres) (in.) (in.) (cfs) (in.) (cfs)
756 000 4960.00 0.02 0.02 28.98 0.02 28.59
897 000 960.00 0.01 0.03 13.40 0.03 12.84
1023 000 3320.00 0.00 0.01 15.67 0.01 15.16
1065 000 1600.00 0.00 0.01 7.42 0.01 7.20
1103 000 2600.00 0.01 0.02 20.21 0.02 19.91
1104 000 1720.00 0.02 0.03 16.40 0.03 16.16

SEDIMENT ANALYSIS FOR THE PRIMARY SUBWATERSHEDS (MONTHLY EVENT)

-SED- Cell Generated
Cell Particle Erosion Above Within Yield Deposition
Num Div Type (t/a) (tons) (tons) (tons) (%)
230 000 CLAY 0.00 0.26 0.20 1.32 -66
SILT 0.00 0.09 0.12 1.19 -82
SAGG 0.03 0.11 1.12 1.93 -36
LAGG 0.01 0.38 0.49 8.56 -90
SAND 0.00 0.12 0.04 2.70 -94
TOTL 0.05 0.96 1.96 15.69 -81
250 000 CLAY 0.00 4.42 0.00 4.23 4
SILT 0.00 0.13 0.00 0.10 20
SAGG .00 c.11 0.00 0.11 -4
LAGG 0.00 0.37 0.00 0.39 -6
SAND 0.00 0.12 0.00 0.12 -6
TOTL 0.00 5.14 0.00 4.95 4
313 000 CLAY 0.00 7.27 0.00 7.09 2
SILT 0.00 0.46 0.00 0.36 21
"SAGG 0.00 0.32 0.00 0.33 -2
LAGG 0.00 1.08 © 0.00 1.11 -3
SAND 0.00 0.34 0.00 0.35 -3
TOTL 0.00 9.46 0.00 9.23 2
334 000 CLAY 0.00 3.01 0.00 0.03 99
SILT 0.00 0.20 0.00 ] 0.03 87
SAGG 0.00 0.28 0.00 0.03 88
LAGG 0.00 0.37 0.00 0.11 70
SAND 0.00 0.12 0.00 0.03 70
TOTL 0.00 3.97 0.00 0.23 94
383 000 CLAY 0.00 10.26 0.15 10.31 1
SILT 0.00 1.74 0.09 1.57 14
SAGG 0.02 1.63 0.84 1.51 39
LAGG 0.01 2.53 0.37 2.54 12
SAND 0.00 0.79 0.03 0.80 3
TOTL 0.04 16.95 ) 1.48 16.73 9
419 000 CLAY 0.00 3.49 0.15 3.34 8
SILT 0.00 0.10 0.09 0.05 75
SAGG 0.02 0.17 0.85 0.14 87
LAGG 0.01 0.03 0.37 0.03 93
SAND 0.00 0.01 0.03 0.01 77
TOTL 0.04 3.80 1.49 3.57 33

A:\POINSETT.RPT 37 AUGUST 16, 1995, 3:53PN.



SEDIMENT ANALYSIS FOR THE PRIMARY SUBWATERSHEDS (MONTHLY EVENT), continued

~-SED- Cell Generated
Cell Particle Erosion Above Within Yield Deposition
Num Div Type (t/a) (tons)- (tons) (tons) (%)
466 000 CLAY 0.00 13.01 0.00 12.81 2
SILT 0.00 0.79 0.00 0.56 29
SAGG 0.00 0.23 0.00 0.13 46
LAGG 0.00 0.48 0.00 0.41 14
SAND 0.00 0.15 0.00 0.13 14
TOTL 0.00 14.67 0.00 14.03 4
685 000 CLAY 0.00 5.07 0.00 4.37 14
SILT 0.00 0.52 0.00 0.00 99
SAGG 0.00 1.41 0.00 0.00 100
LAGG 0.00 0.36 0.00 0.01 97
SAND 0.00 0.11 0.00 0.00 96
TOTL 0.00 7.47 0.00 4.39 41
756 000 CLAY 0.01 15.16 0.28 15.25 b §
' SILT 0.00 1.37 0.17 1.32 14
SAGG 0.04 2.04 1.59 1.89 48
LAGG 0.02 2.94 0.70 3.02 17
SAND 0.00 0.92 0.06 0.95 2
TOTL 0.07 22.43 2.79 22.43 11
897 000 CLAY 0.00 1.28 0.08 1.32 2
SILT 0.00 0.00 0.05 0.15 -66
SAGG 0.01 0.00 0.45 0.34 24
LAGG g.00 0.01 0.20 0.94 -78
SAND 0.00 0.00 0.02 0.29 -93
. TOTL 0.02 1.30 0.78 3.05 -32
1023 000 CLAY 0.00 9.26 0.00 9.00 3
SILT 0.00 0.61 0.00 0.38 38
SAGG 0.00 0.96 0.00 0.22 77
LAGG 0.00 1.31 0.00 0.74 43
SAND 0.00 0.41 0.00 0.23 43
TOTL 0.00 12.55 0.00 10.58 16
1065 000 CLAY 0.00 1.97 0.14 2.02 4
SILT 0.00 0.29 0.08 0.21 45
SAGG 0.02 0.72 0.79 0.33 78
LAGG 0.01 0.76 0.35 0.44 60
SAND 0.00 0.24 0.03 0.14 48
TOTL 0.03 3.98 1.39 3.13 42
1103 000 CLAY 0.00 2.91 0.16 3.03 1
SILT 0.00 0.61 0.09 0.54 23
SAGG 0.02 0.79 0.90 0.69 59
LAGG 0.01 0.77 0.39 0.77 33
SAND 0.00 0.24 0.03 0.24 10
TOTL 0.04 5.31 1.58 5.27 23
1104 000 CLAY 0.01 4.72 0.28 4.90 2
SILT 0.00 0.61 0.17 0.56 28
SAGG 0.04 0.88 1.60 0.92 63
LAGG 0.02 0.93 0.70 0.93 43
SAND 0.00 0.29 0.06 0.29 17
TOTL 0.07 7.43 2.81 7.59 2€
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----- RUNOFF SEDIMENT ====m———===—
Drainage Generated Peak Cell Generated
Cell Area vol. Above Rate Erosion Above Within Yield Depo
Num Div (acres) (in.) (%) (cfs) (t/a) (tons) (tons) (tons) (%)

230 000 3640.00 0.02 99.3 29.08 0.05 0.96 1.96 15.69 =81
250 000 960.00 0.00 100.0 6.20 0.00 5.14 0.00 4.95 4
313 000 3640.00 0.00 100.0 18.32 0.00 9.46 0.00 9.23 2
334 000 840.00 0.09 75.5 4.37 0.00 3.97 0.00 0.23 94
383 000 3440.00 0.09 98.5 68.88 0.04 16.95 1.48 16.73 9
419 000 800.00 0.01 98.2 5.75 0.04 3.80 1.49 3.57 33
466 000 2920.00 0.00 100.0 19.61 0.00 14.67 0.00 14.03 4
685 000 1000.00 0.09 81.5 6.55 0.00 7.47 0.00 4.39 41
756 000 4960.00 0.02 99.3 28.59 0.07 22.43 2.79 22.43 11
897 000 960.00 0.01 99.2 12.84 0.02 1.30 0.78 3.05 =32
1023 000 3320.00 0.00 100.0 15.16 0.00 12.55 0.00 10.58 16
1065 000 1600.00 0.00 99.4 7.20 0.03 3.98 1.39 3.13 42
1103 000 2600.00 ©0.01 99.6 19.91 0.04 5.31 1.58 5.27 23
1104 000 1720.00 0.02 98.4 16.16 0.07 7.43 2.81 7.59 26

NUTRIENT ANALYSIS (MONTHLY EVENT)

NITROGEN

w=== Sediment ---- = -—==== Wwater Soluble --—
Drainage Within Cell Within Cell

Cell Area Cell Cutlet Cell Outlet Conc
Num Div (acres) (lbs/a) (1bs/a) (1lbs/a) (lbs/a) (ppm)
230 000 3640.00 0.33 0.05 0.14 0.12 17.83
250 000 960.00 0.00 0.05 0.00 0.09 27.18
313 000 3640.00 0.00 0.03 0.00 0.09 19.75
334 000 840.00 0.00 0.01 0.15 0.09 21.73
383 000 3440.00 0.26 0.05 0.50 0.27 16.40
419 000 800.00 - 0.26 0.05 0.02 0.08 23.94
466 000 2920.00 ’ 0.00 0.05 0.00 0.09 25.68
685 000 1000.00 0.00 . 0.05 0.15 0.09 20.46
756 000 4960.00 0.43 0.05 0.14 0.10 21.36
897 000 960.00 0.16 0.04 0.02 0.08 12.12
1023 000 3320.00 0.00 0.04 0.00 0.07 23.82
1065 000 1600.00 0.25 0.02 0.01 0.04 16.32
1103 000 2600.00 0.27 0.03 0.03 0.09 17.38

1104 000 1720.00 0.43 0.05 0.09 0.10 17.07
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PHOSPHORUS

-—=- Sediment =~--- --—— Water Soluble -----
Drainage Within Cell Within Cell
Cell Area Cell Outlet Cell Outlet Conc
Num Div (acres) (lbs/a) (1lbs/a) (lbs/a) (lbs/a) (ppm)
230 000 3640.00 0.16 0.02 0.03 0.02 3.15
250 000 960.00 0.00 0.03 0.00 0.02 5.26
313 000 3640.00 0.00 0.02 0.00 0.02 3.64
334 000 840.00 0.00 0.00 0.02 0.02 4.06
383 000 3440.00 0.13 0.03 0.10 0.05 3.25
419 000 800.00 0.13 0.02 0.00 0.01 4.62
466 000 2920.00 0.00 0.03 0.00 0.02 4.86
685 000 1000.00 0.00 0.02 0.01 0.02 3.79
756 000 4960.00 0.22 0.02 0.03 0.02 4.01
897 000 960.00 0.08 0.02 0.00 0.01 1.42
1023 000 3320.00 0.00 0.02 0.00 0.01 4.50
1065 000 1600.00 0.12 0.01 0.00 0.01 2.77-
1103 000 2600.00 0.14 0.01 0.00 0.02 3.39
1104 000 1720.00 0.22 0.02 0.02 0.02 3.66
NUTRIENT ANALYSIS (MONTHLY EVENT)
CHEMICAL OXYGEN DEMAND -
==== Sgdiment —-=-- —-== Water Soluble ----
Drainage _ Within Cell Within Cell
Cell Area Cell Outlet Cell Outlet Conc
Num Div (acres) (lbs/a) (lbs/a) (lbs/a) (lbs/a) (ppn)
230 000 3640.00 ) 1.00 0.65 93.80
250 000 960.00 0.00 0.58 170.00
313 000 3640.00 0.00 0.51 115.58
334 000 840.00 1.00 0.53 133.20
383 000 3440.00 3.00 1.61 98.26
419 000 800.00 ' 0.00 0.52 160.31
466 000 2920.00 0.00 0.51 155.14
685 000 1000.00 1.00 0.67 151.47
756 000 4960.00 1.00 0.62 137.60
897 000 960.00 0.00 0.46 72.32
1023 000 3320.00 0.00 0.45 148.63
1065 000 1600.00 0.00 0.29  111.89
1103 000 2600.00 0.00 0.50 102.81
1104 000 1720.00 ) 1.00 0.65 110.07
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Watershed Studied

The area of the watershed is
The area of each cell is
Type of event modeled

The characteristic storm precipitation is

The storm energy-intensity value is

LOWER LAKE POINSETT WATERSHED

44880.00 acres
40.00 acres
25 year, 24 hr.

4.50 inches

127.00

VALUES;NTTTHEVWNTERSHEDGDUTLET(LAKILALBERT!DUTLET)

Cell number

Runoff volume

Peak runoff rate

Total Nitrogen in sediment

Total soluble Nitrogen in runoff

Soluble Nitrogen concentration in runoff

Total Phosphorus in sediment
Total soluble Phosphorus in runoff

Soluble Phosphorus concentration in runoff
Total soluble Chemical Oxygen Demand in runoff
Soluble Chemical Oxygen Demand concentration in runoff

FEEDLOT ANALYSIS (25 YEAR EVENT)

cell #A (186)

13 000
2.49 inches

12640.73 cfs

0.47 lbs/acre
1.11 lbs/acre .
1.97 ppm

0.24 lbs/acre
0.19 lbs/acre
0.33 ppm

66.12 lbs/acre
117.04 ppm

Nitrogen concentraticn (ppm) 15,541
Phosphorus concentration (ppm) 5.708
coD concentration (ppm) 256.065
Nitrogen mass (1lbs) 144.474
Phosphorus mass (1lbs) 53.064
coD mass (1lbs) 2380.490
Animal feedlot rating number 43
Cell #B (284)

Nitrogen concentration (ppm) 20.952
Phosphorus concentration (ppm) 7.211
CcoD concentration (ppm) 317.486
Nitrogen mass (1lbs) 64.200
Phosphorus mass (1lbs) 22.095
coD mass (lbs) 972.835
Animal feedlot rating number 28
Cell #C (411)

Nitrogen concentration (ppm) 34.154
Phosphorus concentration (ppm) 12.872
coD concentration (ppm) 581.504
Nitrogen mass (lbs) 81.595
Phosphorus mass (1lbs) 30.752
coD mass (1lbs) 1389.227
Animal feedlot rating number 33
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Cell #D (691)

FEEDLOT ANALYSIS (25 YEAR EVENT), continued

Nitrogen concentration (ppm) 8.197
Phosphorus concentration (ppm) 2.258
coD concentration (ppm) 91.658
Nitrogen mass (1lbs) : 104.794
Phosphorus mass (1bs) 28.867
coD mass (lbs) 1171.728
Animal feedlot rating number 30

Cell #E (889)

Nitrogen concentration (ppm) 53.184
Phosphorus concentration (ppm) 13.690
coD concentration (ppm) 997.721
Nitrogen mass (1lbs) 83.982
Phosphorus mass (1lbs) 21.617
COD mass (1lbs) 1575.488
Animal feedlot rating number 34

SEDIMENT ANALYSIS AT OUTLET (CELL #13, 25 YEAR EVENT)

Area Weighted Area
Erosion Delivery Enrichment  Mean Weighted -
Particle Unland Channel Ratio Ratio conc. Yield Yield
type (t/a) (t/a) . (%) (ppm) (t/a) (tons)

CLAY 0.22 0.00 33 10 266.09 0.08 3373.31
SILT 0.13 0.00 0 0 1.18 0.00 14.96
SAGG 1.26 0.00 0 0 1.46 0.00 18.51
LAGG 0.55 0.01 0 0 . 4.92 0.00 62.34
SAND 0.04 0.00 1 0 1.69 0.00 21.48
TOTAL 2.21 0.01 4 1 275.34 0.08 3490.63

HYDROLOGY OF PRIMARY SUBWATERSHEDS (25 YEAR EVENT)

-HYDR- Drainage Overland Upstrean Peak Flow Downstream Peak Flow
Cell Area Runoff "Runoff Upstream Runoff Downstrean
Num Div (acres) (in.) (in.) (cfs) (in.) (cfs)

117 000 3560.00 2.29 2.38 1806.68 2.38 1788.30
200 000 31880.00 2.29 2.33 8886.91 2.33 8854.0%
327 000 1440.00 0.90 2.04 972.82 2.01 952.40
483 000 28920.00 2.91 2.33 6319.74 2.33 6272.30
519 000 3840.00 2.29 2.24 1754.98 2.24 1740.35
580 000 9200.00 2.05 2.35 3586.03 2.35 3556.36
583 000 4560.00 2.91 2.13 1207.93 2.13 1210.94
686 000 1200.00 2.05 2.31 1002.78 2.31 990.1°
721 000 1720.00 2.29 2.27 897.14 2.27 899.78
749 000 5520.00 2.29 2.18 2154.93 2.19 2134.18
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SEDIMENT ANALYSIS FOR THE PRIMARY SUBWATERSHEDS (25 YEAR EVENT)

-SED- Cell Generated
cell particle Erosion Above Wwithin vyield Deposition
Num Div Type (t/a) (tons) (tons) (tons) (%)
117 000 CLAY 0.30 557.85 11.89 568.83 0
SILT 0.18 49.06 7.14 54.13 4
SAGG 1.70 279.54 67.80 291.22 16
LAGG 0.74 13.84 29.74 14.99 66
SAND 0.06 3.18 2.38 3.29 41
TOTL 2.97 903.46 118.95 932.47 9
200 000 CLAY 0.39 5312.21 15.74 5326.55 0
SILT 0.24 355.43 9.45 362.68 1
SAGG 2.24 1657.61 89.74 1694.47 3
LAGG 0.98 206.81 39.36 188.31 24
SAND 0.08 64.04 3.15 50.72 25
TOTL 3.94 7596.09 157.43 7622.73 2
327 000 CLAY 0.00 276.16 0.00 275.78 0
SILT 0.00 101.74 0.00 98.23 3
SAGG 0.00 235.04 0.00 198.65 i5
LAGG 0.00 10.54 0.00 6.25 41
SAND 0.00 3.69 0.00 1.96 47
TOTL 0.00 627.18 0.00 580.87 7
483 000 CLAY 0.00 4632.15 0.00 4619.73 0
SILT 0.00 9.54 0.00 8.93 6
SAGG 0.00 5.17 0.00 3.84 26
LAGG 0.00 17.41 0.00 1.48 91
SAND 0.00 5.46 0.00 0.46 91
TOTL 0.00 4669.72 0.00 4634.44 1
519 000 CLAY 0.30 955.10 11.89 965.42 0
SILT 0.18 341.18 7.14 334.06 4
SAGG 1.70 910.09 67.80 805.17 18
LAGG 0.74 19.08 29.74 15.18 69
SAND 0.06 3.90 2.38 3.37 46
TOTL 2.97 2229.35 118.95 2123.20 10
580 000 CLAY 0.16 2265.55 6.30 2268.25 0
SILT 0.09 '678.62 3.78 655.13 4
SAGG 0.90 1015.26 35.89 . 868.15 17
LAGG 0.39 6.10 15.74 : 5.16 76
SAND 0.03 0.92 1.26 0.86 60
TOTL 1.57 3966.45 62.97 3797.56 6
583 000 CLAY 0.00 1113.59 0.00 1013.11 9
SILT 0.00 292.04 0.00 1.11 100
SAGG 0.00 449.53 0.00 1.38 100
LAGG 0.00 16.27 0.00 4.64 71
SAND 0.00 4.74 0.00 1.45 69
TOTL 0.00 1876.17 0.00 1021.70 46
686 000 CLAY 0.16 371.17 6.30 376.53 0
SILT 0.09 168.88 3.78 162.04 6
SAGG 0.90 618.06 35.89 485.63 26
LAGG 0.39 7.55 15.74 2.48 89
SAND 0.03 1.77 1.26 0.26 91
TOTL 1.57 1167.42 62.97 1026.94 17
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SEDIMENT ANALYSIS FOR THE PRIMARY SUBWATERSHEDS (25 YEAR EVENT), continued

-SED- Cell Generated

Cell Particle Erosion Above Within Yield Deposition

Num Div Type (t/a) (tons) (tons) " (tons) (%)

721 000 CLAY 0.30 436.51 11.89 447 .41 0
SILT 0.18 123.74 7.14 123.81 5
SAGG 1.70 284.92 67.80 276.25 22
LAGG 0.74 12.70 29.74 10.34 76
SAND 0.06 2.37 2.38 2.16 54
TOTL 2.97 860.23 118.95 859.99 12

749 000 CLAY 0.16 1490.90 6.26 1494.96 0
SILT 0.09 433.42 3.76 421.03 4
SAGG 0.89 767.31 35.68 673.34 16
LAGG 0.39 5.12 15.65 23.26 -11
SAND 0.03 0.72 1.25 7.38 -73
TOTL 1.56 2697 .47 62.60 2619.98 5

CONDENSED SOIL LOSS (25 YEAR EVENT)

519 000 3840.00 2.29 98.9 1740.35 2.97 2229.35 118.95 2123.20 1
580 000 9200.00 2.05 99.6 3556.36 1.57 3966.45 62.97 3797.56

583 000 4560.00 2.91 98.8 1210.94 0.00 1876.17 0.00 1021.70 46
686 000 1200.00 2.05 97.0 990.19 1.57 .1167.42 62.97 1026.94 17
721 000 1720.00 2.29 97.6 899.78 2.97 860.23 118.95 859.99 12
749 000 5520.00 2.2%9 9%.2 2134.19 1.56 2697.47 62.60 2619.98 5

————— RUNOFF - SEDIMENT =-—-======< ——

Drainage Generated Peak Cell Generated
Cell - Area Vol. Above Rate Erosion Above Within Yield Depo
Num Div (acres) (in.) (%) (cfs) (t/a) (tons) (tons) (tons) (%)
117 000 3560.00 2.29 98.9 1788.30 2.97 903.46 118.95 $32.47 S
200 000 31880.00 2.29 99.9 8854.01 3.94 7596.09 157.43 7622.73 2
327 000 1440.00 0.90 98.8 952.40 0.00 627.18 0.00 580.87 7
483 000 28920.00 2.91 99.8 6272.30 0.00 4669.72 0.00 4634.44 1
0
6
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NITROGEN

NUTRIENT ANALYSIS (25 YEAR EVENT)

-==- Sediment -=--- =  ==—== Water Soluble ——==—-
Drainage Within Cell Within Cell
Cell Area Cell Outlet Cell Outlet conc
Num Div (acres) (lbs/a) (1lbs/a) (1lbs/a) (lbs/a) (ppm)
117 000 3560.00 8.70 1.25 1.05 1.27 2.36
200 000 31880.00 10.89 1.16 1.35 1.16 2.20
327 000 1440.00 0.00 1.76 0.82 0.85 1.87
483 000 28920.00 0.00 0.84 0.82 1.13 2.14
519 000 3840.00 8.70 2.26 1.05 1.31 2.58
580 000 9200.00 5.23 1.79 0.71 1.24 2.33
583 000 4560.00 0.00 1.10 0.82 1.03 2.12
686 000 1200.00 5.23 3.21 0.71 1.20 2.31
721 000 1720.00 8.70 2.09 1.05 1.03 2.01
749 000 5520.00 5.21 2.00 1.05 1.01 2.04
NUTRIENT ANALYSIS (25 YEAR EVENT)
PHOSPHORUS
-w== Sediment ---- ~-=- Water Soluble ----
Drainage Within Cell Within Cell
Cell Area Cell Outlet Cell Outlet Conc
Num Div (acres) (lbs/a) (lbs/a) (lbs/a) (1bs/a) (ppm)
117 000 3560.00 4.35 0.62 0.17 0.23 0.43
200 000 31880.00 5.44 0.58 0.24 0.20 0.38
327 000 1440.00 0.00 0.88 0.01 0.13 .28
483 000 28920.00 0.00 0.42 - 0.17 0.19 0.36
519 000 3840.00 4.35 1.13 0.17 0.23 0.46
580 000 9200.00 2.62 0.90 0.10 0.21 0.40
583 000 4560.00 0.00 0.55 0.07 0.17 0.35
686 000 1200.00 2.62 l1.61 0.10 0.20 0.39
721 000 1720.00 4.35 1.04 0.17 0.16 0.32
749 000 5520.00 2.60 1.00 0.17 0.16 0.33
NUTRIENT ANALYSIS (25 YEAR EVENT)
CHEMICAL OXYGEN DEMAND
-=== Sediment ---- = =--=- Water Soluble -——
Drainage Within Cell Within Cell

Cell Area Cell Outlet Cell Outlet Conc
Num Div (acres) (lbs/a) (lbs/a) (lbs/a) (lbs/a) (ppm)
117 000 3560.00 88.00 79.02 146.68
200 000 31880.00 88.00 74.45 141.31
327 000 1440.00 12.00 55.35 121.50
483 000 28920.00 16.00 74.23 140.4£9
519 000 3840.00 88.00 75.01 147.95
580 000 9200.00 37.00 82.15 154.54
583 000 4560.00 16.00 74.31 153.76
686 000 1200.00 37.00 87.38 167.33
721 000 1720.00 88.00 80.52 156.75
749 000 5520.00 88.00 69.76 140.91
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LOWER LAKE POINSETT WATERSHED SUMMARY (1 YEAR EVENT)

Watershed Studied LOWER POINSETT WATERSHED

The area of the watershed is 44880.00 acres

The area of each cell is 40.00 acres

Type of event modeled , 1 year, 24 hr.

The characteristic storm precipitation is 2.20 inches
The storm energy-intensity value is 27.00

VALUES AT THE WATERSHED OUTLET (LAKE ALBERT OUTLET)

Cell number 13 000
Runoff volume 0.77 inches
Peak runoff rate 3973.35 cfs
Total Nitrogen in sediment 0.07 lbs/acre
Total soluble Nitrogen in runoff 0.61 lbs/acre
Soluble Nitrogen concentration in runoff 3.50 ppm
Total Phosphorus in sediment 0.03 lbs/acre
Total soluble Phosphorus in runoff 0.11 lbs/acre
Soluble Phosphorus concentration in runoff 0.64 ppm
Total soluble Chemical Oxygen Demand in runoff 17.50 lbs/acre

Soluble Chemical Oxygen Demand concentration in runoff 100.39 ppm

SEDIMENT ANALYSIS AT OUTLET (CELL #13, 1 YEAR EVENT)

Area Weighted Area
Erosion Delivery Enrichment  Mean Weighted

Particle Upland Channel Ratio Ratio Conc. Yield Yield
type (t/a) (t/a) (%) (ppm) (t/a) (tons)
CLAY 0.05 0.00 11 7 59.35 0.01 232.19
SILT 0.03 0.00 1 o 2.09 0.00 8.17
SAGG 0.27 0.00 0 0 2.58 0.00 10.10
LAGG 0.12 0.01 1l 1 10.62 0.00 41.53
SAND 0.01 0.00 2 2 3.58 0.00 14.01
TOTAL 0.47 0.01 1 1

78.22 0.01 306.00

HYDROLOGY OF PRIMARY SUBWATERSHEDS ( 1 YEAR EVENT)

-HYDR- Drainage Overland Upstream Peak Flow Downstream Peak Flow
Cell Area Runoff Runoff Upstream Runoff Downstream
Num Div (acres) (in.) (in.) (cfs) (in.) (cfs)
117 000 3560.00 0.60 0.65 532.35 0.65 526.58
200 000 31880.00 0.60 0.64 2526.13 0.64 2516.55
327 000 1440.00 0.07 0.50 261.26 0.48 253.60
483 000 28920.00 0.94 0.65 1805.34 0.65 1792.25
519 000 3840.00 0.60 0.58 492.24 0.58 488.06
580 000 9200.00 0.48 0.64 1031.22 0.64 1022.09
583 000 4560.00 0.94 0.54 329.52 0.54 331.32
686 000 1200.00 0.48 0.61 292.65 0.61 287.90
721 000 1720.00 0.60 0.59 255.47 0.59 256.14
749 000 5520.00 0.60 0.55 583.97 0.55 578.40
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SEDIMENT ANALYSIS FOR THE PRIMARY SUBWATERSHEDS (1 YEAR EVENT)

-SED- Cell Generated
Cell Particle Erosion - Above Within Yield Deposition
Num Div Type (t/a) (tons) (tons) (tons) (%)
117 000 °CLAY 0.06 72.91 2.53 - 75.18 0
SILT 0.04 9.72 1.52 10.44 7
SAGG 0.36 36.78 14.41 36.24 29
LAGG 0.16 5.13 6.32 5.32 54
SAND 0.01 1.48 0.51 1.52 24
TOTL 0.63 126.02 25.29 128.69 15
200 000 CLAY 0.08 734.20 3.35 737.13 0
SILT 0.05 63.48 2.01 64.82 1
SAGG 0.48 193.77 19.08 200.51 6
LAGG 0.21 103.45 8.37 83.55 25
SAND 0.02 31.26 0.67 25.36 21
TOTL 0.84 1126.17 33.47 1111.37 4
327 000 ClLAY 0.00 57.39 0.00 57.21 0
SILT 0.00 13.13 0.00 12.16 7
SAGG 0.00 13.65 0.00 9.52 30
LAGG 0.00 5.48 0.00 2.89 47
SAND 0.00 1.91 0. 00 0.91 53
TOTL 0.00 91.56 0. 00 82.69 10
483 000 CLAY 0.00 597.23 0.00 593.73 1
SILT 0.00 2.13 0.00 1.86 13
SAGG 0.00 2.63 0.00 1.36 48
LAGG 0.00 8.87 0.00 0.76 91
SAND 0.00 2.78 0.00 0.24 91
o TOTL 0.00 613.64 0.00 597.95 3
519 000 CLAY 0.06 196.19 2.53 198.00 0
SILT 0.04 45.56 1.52 43.01 9
SAGG 0.36 77.94 14.41 61.75 33
LAGG 0.16 6.14 6.32 5.31 57
SAND 0.01 1.70 0.51 1.51 31
TOTL 0.63 327.53 25.29 309.59 12
580 000 CLAY 0.03 464 .45 : 1.34 464.18 0
SILT 0.02 75.93 0.80 70.24 8
SAGG 0.19 52.15 7.63 40.32 33
LAGG 0.08 1.53 3.35 1.42 71
SAND 0.01 0.37 0.27 0.36 43
TOTL 0.33 594.42 13.39 576.52 5
583 000 CLAY 0.00 223.54 0.00 180.62 19
SILT 0.00 29.80 0.00 0.54 98
SAGG 0.00 32.86 0.00 0.66 . 98
LAGG: 0.00 7.25 0.00 2.24 69
SAND 0.00 2.38 0.00 0.70 71
TOTL 0.00 295.83 0.00 184.76 38
686 000 CLAY 0.03 78.16 1.34 79.07 1
SILT 0.02 26.94 0.80 24.20 13
SAGG 0.19 47.19 7.63 29.58 46
LAGG 0.08 2.75 3.35 0.43 93
SAND 0.01 0.89 0.27 0.08 93
TOTL 0.33 155.93 13.39 133.36 21
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SEDIMENT ANALYSIS FOR THE PRIMARY SUBWATERSHEDS (1 YEAR EVENT), continved

-SED- Cell Generated
Cell pParticle Erosion Above Within Yield Deposition
Num Div Type (t/a) {tons) (tons) (tons) (%)
721 000 . CLAY 0.06 89.29 2.53 - 91.38 0
SILT 0.04 13.97 1.52 13.81 11
SAGG 0.36 32.68 ’ 14.41 29.05 38
LAGG 0.16 3.72 6.32 3.38 66
SAND 0.01 1.02 0.51 0.95 38
TOTL 0.63 140.68 25.29 138.58 17
749 000 CLAY 0.03 306.67 1.33 306.98 0
SILT 0.02 49.43 0.80 46.25 8
SAGG 0.19 44.18 7.59 36.17 30
LAGG - 0.08 1.17 3.33 11.96 -62
SAND 0.01 0.27 0.27 3.84 -86
TOTL 0.33 401.72 13.31 405.20 2
CONDENSED SOIL LOSS (1 YEAR EVENT)
----- RUNOFF - -- ~~== SEDIMENT -~-=========—
Drainage Generated Peak Cell * Generated
Cell Area Vol. Above Rate Erosion Above Within Yield Depo

Num Div (acres) (in.) (%) (cfs) (t/a) (tons) (tons) (tons) (%)

117 000 3560.00 0.60 99.0 526.58 0.63 126.02 25.29 128.69 15
200 000 31880.00 ©.60 S55.5 2516.55 .84 112K.17 33.47 1111.37 4
327 000 1440.00 0.07 99.6 253.60 0.00 91.56 0.00 82.69 10
483 000 28920.00 0.94 99.8 1792.25 0.00 613.64 0.00 597.95 3
519 000 3840.00 0.60 98.9 488.06 0.63 327.53 25.29 309.59 12
580 000 9200.00 0.48 99.7 1022.09 0.33 594.42 13.39 576.52 5
583 000 4560.00 0.94 98.5 331.32 0.00 295.83 0.00 184.76 38
686 000 1200.00 0.48 97.4 287.90 0.33 155.93 13.39 133.36 21
721 000 1720.00 0.60 97.6 256.14 0.63 140.68 25.29 138.58 17
749 000 5520.00 0.60 99.2 578.40 0.33 401.72 13.31 405.20 2
NUTRIENT ANALYSIS (1 YEAR EVENT)
NITROGEN
—=== Sediment ==== =  ====- Water Soluble —-——-—
Drainage Within Cell Within Cell
Cell Area Cell Outlet Cell Outlet Conc
Num Div (acres) (lbs/a) (1bs/a) (lbs/a) (1bs/a) (ppm)
117 000 3560.00 2.52 0.26 0.57 0.69 4.65
200 000 31880.00 3.15 0.25 0.79 0.64 4.42
327 000 1440.00 0.00 0.37 0.40 0.44 4£.02
483 000 28920.00 0.00 0.16 0.40 0.62 4.26
519 000 3840.00 2.52 0.49 0.57 0.76 5.78
580 000 9200.00 1.52 0.40 0.35 0.69 4.75
583 000 4560.00 0.00 0.28 0.40 0.56 4.55
686 000 1200.00 1.52 0.63 0.35 0.68 £.94
721 000 1720.00 2.52 0.49 0.57 0.56 4.18
749 000 5520.00 1.51 0.45 0.57 0.54 4.30
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NUTRIENT ANALYSIS (1 YEAR EVENT)

PHOSPHORUS

, ‘ === Sediment ==-- =  —=—=-= Water Soluble -—-==-=-
Drainage Within Cell Within Cell

Cell Area Cell Outlet Cell outlet Conc
Num Div (acres) (1lbs/a) (lbs/a) (lbs/a) (lbs/a) (ppm)
117 000 3560.00 1.26 0.13 0.10 0.13 0.88
200 000 31880.00 1.58 0.12 0.15 0.12 0.81
327 000 "1440.00 0.00 0.18 0.00 0.07 0.68
483 000 28920.00 0.00 0.08 0.10 0.11 0.78
519 000 3840.00 1.26 0.24 0.10 0.14 1.09
580 000 9200.00 0.76 0.20 0.06 0.13 0.87
583 000 4560.00 0.00 0.14 0.04 0.10 0.81
686 000 1200.00 0.76 0.31 0.06 0.12 0.89
721 000 1720.00 1.26 0.24 0.10 0.10 0.73
749 000 5520.00 0.75 0.23 0.10 0.09 0.76

NUTRIENT ANALYSIS (1 YEAR EVENT)

CHEMICAL OXYGEN DEMAND

=== Sediment =--- = —-———- Water Soluble ----——
Drainage Within Cell Within Cell

Cell Area Cell Outlet Cell Outlet Conc
Num Div (acres) (lbs/a) (lbs/a) (lbs/a) (lbs/a) (ppm)
117 000 3560.00 } 23.00 21.47 145.58
200 000 31880.00 23.00 19.71 135.28
327 000 1440.00 1.00 13.84 126.07
483 000 28920.00 5.00 19.67 134.17
519 000 3840.00 . 23.00 19.61 148.54
580 000 1 9200.00 9.00 22.47 155.19
583 000 4560.00 5.00 19.29 156.70
686 000 1200.00 9.00 23.09 167.62
721 000 1720.00 23.00 21.09 157.99
749 000 5520.00 23.00 18.00 143.53
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LOWER LAKE POINSETT WATERSHED SUMMARY (NORMAL MONTHLY EVENT)

watershed Studied : LOWER POINSETT WATERSHED

The area of the watershed is 44880.00 acres

The area of each cell is 40.00 acres

Type of event modeled ' - Monthly Event

The characteristic storm precipitation is 0.80 inches
The storm energy-intensity value is 3.00

VALUES AT THE WATERSHED OUTLET (LAKE ALBERT OUTLET)

Cell number 13 000
Runoff volume 0.11 inches
Peak runoff rate 589.42 cfs
Total Nitrogen in sediment 0.01 lbs/acre
Total soluble Nitrogen in runoff 0.08 lbs/acre
Soluble Nitrogen concentration in runoff 3.05 ppm
Total Phosphorus in sediment 0.01 lbs/acre
Total soluble Phosphorus in runoff 0.01 lbs/acre
Soluble Phosphorus concentration in runoff 0.47 ppm
Total soluble Chemical Oxygen Demand in runoff 0.66 lbs/acre

Soluble Chemical Oxygen Demand concentration in runoff 26.28 ppm

SEDIMENT ANALYSIS AT OUTLET (CELL #13, MONTHLY EVENT)

Area Weighted Area
Erosion Delivery Enrichment Mean Weighted

Particle Upland Channel Ratio Ratio Conc. Vield vield

type (t/a) (t/a) (%) (pPpm) (t/a) (tons)
CLAY 0.01 0.00 1 1 5.52 0.00 3.11
SILT 0.00 0.00 2 1 5.34 0.00 3.01
SAGG 0.03 0.00 0 0 6.61 0.00 3.72
LAGG 0.01 0.00 3 2 33.18 0.00 18.68
SAND 0.00 0.00 7 9 10.71 0.00 6.03
TCTAL 0.08 0.00 1 1 61.36 0.00 34.55

HYDROLOGY OF PRIMARY SUBWATERSHEDS (MONTHLY EVENT)

-HYDR- Drainage Overland Upstream Peak Flow Downstream Peak Flow

Cell Area Runoff Runoff Upstream Runoff Downstream

Num Div (acres) (in.) (in.) (cfs) (in.) - (cfs)
117 000 3560.00 0.02 0.03 29.93 0.03 29.49
200 000 31880.00 0.02 0.05 194.45 0.05 193.57
327 000 1440.00 0.00 0.01 8.08 0.01 7.80
483 000 28920.00 0.09 0.05 142.88 0.05 141.92
519 000 3840.00 0.02 0.02 20.45 0.02 20.24
580 000 9200.00 0.01 0.03 55.36 0.03 54.73
583 000 4560.00 0.09 0.02 13.25 0.02 13.67
686 000 1200.00 0.01 0.02 12.69 0.02 12.25
721 000 1720.00 0.02 0.02 9.76 0.02 9.78
749 000 5520.00 0.02 0.01 18.63 0.01 18.46
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SEDHMENUUUQALYSHSFTH!TTHEPRHWARYEHH“WATERSHEDS(NM)NTHLA'EVENW)

-SED- Cell Generated
Cell Particle Erosion Above Within Yield Deposition
Num Div Type (t/a) (tons) (tons) (tons) (%)
117 000 CLAY 0.01 2.24 0.28 2.47 2
) SILT 0.00 0.58 0.17 0.56 25
SAGG 0.04 0.84 1.60 0.97 60
LAGG 0.02 0.91 0.70 0.94 42
SAND 0.00 0.28 0.06 0.30 13
TOTL 0.07 4.86 2.81 5.24 32
200 000 CLAY 0.01 16.79 0.37 17.13 o
SILT 0.01 6.34 0.22 6.46 2
SAGG - 0.05 9.12 2.12 10.03 11
LAGG 0.02 25.57 0.93 20.75 22
SAND 0.00 8.01 0.07 6.48 20
TOTL 0.09 65.84 3.72 60.84 13
327 000 CLAY 0.00 4.51 0.00 4.39 3
SILT 0.00 0.16 0.00 0.12 22
SAGG 0.00 0.14 0.00 0.11 22
LAGG 0.00 0.80 0.00 0.38 53
SAND 0.00 0.25 0.00 0.12 53
TOTL 0.00 5.87 0.00 5.12 13
483 000 CLAY 0.00 1.75 0.00 1.70 3
SILT 0.00 0.53 0.00 0.27 49
SAGG 0.00 0.66 0.00 0.06 91
LAGG 0.00 2.21 0.00 0.20 91
SAND 0.00 0.69 0.00 0.06 91
TOTL 0.00 5.84 0.00 2.29 61
519 000 CLAY 0.01 16.35 0.28 16.21 3
SILT 0.00 0.75 0.17 0.59 36
SAGG 0.04 1.21 1.60 0.84 70
LAGG 0.02 0.87 0.70 0.79 50
SAND 0.00 0.27 0.06 0.24 25
TOTL 0.07 19.45 2.81 18.67 16
580 000 CLAY 0.00 37.93 - 0.15 37.27 2
SILT 0.00 0.52 0.09 0.39 36
SAGG 0.02 0.52 0.85 0.43 69
LAGG 0.01 0.23 0.37 0.22 62
SAND 0.00 0.07 0.03 0.07 30
TOTL 0.04 39.27 1.49 38.38 6
583 000 CLAY 0.00 15.36 0.00 1.82 88
SILT 0.00 0.44 0.00 0.09 80
SAGG 0.00 0.60 0.00 0.11 82
LAGG 0.00 " 1.26 0.00 0.37 70
SAND 0.00 0.40 0.00 0.12 71
TOTL 0.00 18.06 0.00 2.51 86
686 000 CLAY 0.00 7.49 0.15 7.35 .2
SILT 0.00 0.35 0.09 0.18 58
SAGG 0.02 0.42 0.85 0.26 80
LAGG 0.01 0.46 - 0.37 0.04 95
SAND 0.00 0.14 0.03 0.01 93
TOTL 0.04 8.86 1.49 7.84 24
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SEDIMENT ANALYSIS FOR THE PRIMARY SUBWATERSHEDS (MONTHLY EVENT), continued

-SED- Cell Generated
Cell Particle Erosion Above Within Yield Deposition
Num Div Type (t/a) (tons) (tons) (tons) (%)
721 000 CLAY 0.01 6.31 0.28 6.36 4
SILT 0.00 0.36 0.17 " 0.31 42
SAGG 0.04 0.91 1.60 0.61 76
LAGG 0.02 0.49 0.70 0.45 62
SAND 0.00 0.15 0.06 0.14 34
TOTL 0.07 8.22 2.81 7.86 29
749 000 CLAY 0.00 21.73 0.15 21.26 3
SILT 0.00 0.30 0.09 0.33 14
SAGG 0.02 0.57 0.84 0.61 57
LAGG 0.01 0.14 0.37 1.88 -73
SAND 0.00 0.04 0.03 0.59 -88
TOTL 0.04 22.78 1.48 24.67 -2
CONDENSED SOIL LOSS (MONTHLY EVENT)
----- RUNOFF —====- ------———--uSEDIMENT ——— -
Drainage Generated Peak Cell Generated
Cell Area Vol. Above Rate Erosion Above Within VYield Depo
Num Div (acres) (in.) (%) (cfs) (t/a) (tons) (tons) (tons) (%)
117 000 3560.00 0.02 53.3 22.49 0.07 4.86 2.81 5.24 32
200 000 31880.00 0.02 100.0 193.57 0.09 65.84 3.72 60.84 i3
327 000 1440.00 0.00 100.0 7.80 0.00 5.87 0.00 5.12 13
483 000 28920.00 0.09 99.7 141.92 0.00 5.84 0.00 2.29 61
519 000 3840.00 0.02 99.1 20.24 0.07 19.45 2.81 18.67 16
580 000 9200.00 0.01 99.9 54.73 0.04 39.27 1.49 38.38 6
583 000 4560.00 0.09 95.8 13.67 0.00 18.06 0.00 2.51 86
686 000 1200.00 0.01 99.2 12.25 0.04 8.86 1.49 7.84 24
721 000 1720.00 0.02 97.6 9,78 0.07 8.22 2.81 7.86 29
749 000 5520.00 0.02 99.1 18.46 0.04 22.78 1.48 24.67 -2
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NUTRIENT ANALYSID (MUINLHLY LVEiN)

NITROGEN

—-—== Sédiment =-==—- = =—-—-—= Water Soluble —-——=--

Drainage Within Cell Within Cell
Cell Area Cell -Outlet Cell Outlet Conc
Num Div (acres) (lbs/a) (1bs/a) (1bs/a) (lbs/a) (ppm)
117 000 3560.00 0.43 0.02 0.05 0.08 12.18
200 000 31880.00 0.54 0.02 0.07 0.07 6.60
327 000 1440.00 0.00 0.04 0.15 0.04 13.58
483 000 28920.00 0.00 0.00 0.15 0.07 6.27
519 000 3840.00 0.43 0.05 0.05 0.07 16.21
580 000 9200.00 0.26 0.05 0.01 0.09 12.46
583 000 4560.00 0.00 0.01 0.15 0.06 12.97
686 000 1200.00 0.26 0.07 0.01 0.06 13.97
721 000 1720.00 0.43 0.05 0.05 0.05 12.03
749 000 5520.00 0.26 0.05 0.05 0.04 12.95

NUTRIENT ANALYSIS (MONTHLY EVENT)
PHOSPHORUS

-——- Sediment --=-- = =—==- Water Soluble ===—--

Drainage Within Cell Within Cell
Cell _ Area Cell Outlet Cell Outlet conc
Num Div .- (acres) (lbs/a) (lbs/a) (lbs/a) (1bs/a) (ppm)
117 000 3560.00 0.22 0.01 0.01 0.02 2.17
200 000 31880.00 0.27 0.01 0.01 0.01 1.15
327 000 1440.00 0.00 0.02 0.00 0.01 Z2.23
483 000 28920.00 0.00 0.00 0.01 0.01 1.08
519 000 3840.00 0.22 0.03 0.01 0.01 3.05
580 000 9200.00 0.13 0.02 0.00 0.02 2.29
583 000 4560.00 0.00 0.00 0.00 0.01 2.29
686 000 1200.00 0.13 0.03 0.00 0.01 2.62
721 000 1720.00 0.22 0.02 0.01 0.01 2.23
749 000 5520.00 0.13 0.02 0.01 0.01 2.42

NIHHU!R?TAG%&LYSIS(}dO&FﬂHl)fEVEmﬂD
CHEMICAL OXYGEN DEMAND

———- Sediment ---- = === Water Soluble ==-—--

Drainage Within Cell Within Cell
Cell Area Cell outlet Cell Outlet Conc
Num Div (acres) (lbs/a) (1lbs/a) - (lbs/a) (lbs/a) (ppm)
117 000 3560.00 1.00 0.94 135.46
200 000 31880.00 1.00 0.73 68.75
327 000 1440.00 0.00 0.36 139.58
483 000 28920.00 1.00 0.73 66.92
519 000 3840.00 1.00 0.64 140.43
580 000 9200.00 0.00 1.05 153.21
583 000 4560.00 1.00 0.64 150.16
686 000 1200.00 0.00 0.77 169.24
721 000 1720.00 1.00 0.67 165.77
749 000 5520.00 1.00 0.53 157.27
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