PHASE 1
WATERSHED ASSESSMENT
FINAL REPORT

LAKE MADISON / BRANT LAKE
LAKE COUNTY SOUTH DAKOTA

South Dakota Watershed Protection Program
Division of Financial and Technical Assistance
South Dakota Department of Environment and Natural Resources
Nettie H. Myers, Secretary

October 1998




- PHASE 1
WATERSHED ASSESSMENT
FINAL REPORT

LAKE MADISON / BRANT LAKE
LAKE COUNTY SOUTH DAKOTA

South Dakota Watershed Protection Program

Division of Financial and Technical Assistance

South Dakota Department of Environment and Natural Resources
Nettie H. Myers, Secretary

Prepared By
Alan Wittmuss, Environmental Project Scientist

Mark Mclntire, Natural Resource Engineer

State of South Dakota
William J. Janklow, Governor

October 1998



EXECUTIVE SUMMARY

In 1994 a lake and watershed water quality assessment study was initiated for the
watershed of Lake Madison and Brant Lake. Lake Madison and Brant Lake are located
in eastern South Dakota in Lake County. The watershed size for both of these lakes
totals 44,000 acres (17,806.8 ha). The watershed is defined by the drainage area from the
headwaters of Memorial Creek (southeast of Ramona, S.D.) and the outlet of Lake
Herman to the outlet of Brant Lake (see diagram on pg ii).

Main components of the assessment consisted of inlake water quality monitoring, algae
sampling, tributary monitoring, storm sewer monitoring, groundwater monitoring, and
landuse assessment. The assessment included 11 tributary monitoring sites, 6 inlake
monitoring sites, and 3 storm sewer monitoring sites. In order to further evaluate the
water quality of the Madison/Brant watershed, landuse and geo-technical information
was compiled. This information was incorporated into the Agricultural Nonpoint Source
computer model (AGNPS) to produce:

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

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

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

Tributary water quality data collected during the project exhibited 9 exceedances of the
pH standard and 3 exceedances of the tributary fecal coliform standard. In-lake samples
collected from Lake Madison and Brant Lake exhibited a total of 19 unionized ammonia
exceedances, 29 pH exceedances, and 19 observations were below the dissolved oxygen
standard of 5.00 mg/L. The standard for fecal coliform was exceeded from one sample
collected from Bourne Slough.

Silver Creek ran continuously during 1995 comprising over 75% of the hydrologic
budget, 91% of the total sediment load, and 92% of the overall phosphorus budget for
Lake Madison (see diagram). Groundwater constituted only 1.6% of hydrologic budget
and 0.4% of the phosphorus budget. The two primary components of the hydrologic
budget for Lake Madison were Silver Creek and precipitation (19.4%). The amount of
phosphorus contributed by the city of Madison to Silver Creek constituted 13% of the
total load delivered to Lake Madison in 1995.

The primary components of the hydrologic budget for Brant Lake were the discharge
from Lake Madison (73%), groundwater (18.2%), and precipitation (5.9%). The
discharge from Round Lake constituted 88% of the overall phosphorus load to Brant
Lake. Round Lake actually discharged more phosphorus than it received from Lake
Madison during 1995.
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An estimate of the contribution of lawn fertilizers to Lake Madison and Brant indicated
that this source contributed approximately 0.77% of the overall total phosphorus loadings
to Lake Madison and 0.2% of the total phosphorus inputs to Brant Lake. Onsite
wastewater disposal systems contributed anywhere from 1.5% to 4.5% of the total
phosphorus load to Brant Lake. Lake Madison is serviced by a centralized sewer system
which is why a similar onsite wastewater estimate was not calculated for this lake.

The AGNPS model indicated that sediment deliverability for 6 of the 23 identified
subwatersheds exhibited excessive loadings to Lake Madison and Brant Lake. The
suspected source of this sediment were relatively steep agricultural lands with slopes
ranging from 7 — 18% that were being cropped or had poor vegetative cover. Six of the
19 subwatersheds analyzed appeared to have high nutrient deliverability rates. The high
nutrient deliverability can be attributed to the high sediment yields from these
subwatersheds as well.

Forty-one animal feeding areas were evaluated as part of the study. Of these, 24 were
found to have an AGNPS rank of 30 or greater and 3 had an AGNPS rank of 50 or
greater. Compared to other watersheds within eastern South Dakota, the density of
potentially critical feeding areas found within the Madison/Brant watershed was high (24
with an AGNPS rank > 30).

Inlake monitoring of Lake Madison and Brant Lake indicated that these lakes were too
shallow to undergo permanent stratification. The predominant algal species in both lakes
was the blue green Aphanizomenon flos-aquae which favors high concentrations of
phosphorus. Mean concentration of phosphorus in surface samples from Lake Madison
and Brant Lake was 0.271 mg/L and 0.170 mg/L, respectively. This is considerably
higher than the 0.02 mg/L requirement to initiate intense blue-green algal blooms.

The average total nitrogen to dissolved phosphorus ratios for both Lake Madison and

Brant Lake indicated phosphorus limitation. The mean total phosphorus trophic status
(TSI) was 84 for Lake Madison and 77 for Brant Lake, indicating that both lakes are
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hyper-eutrophic. The summer chlorophyll a concentrations for Lake Madison and Brant
Lake also ranged well within the hypereutrophic range.

Reduction response models were developed for both lakes using the significant
relationships between total phosphorus and chlorophyll a. A 50% reduction of tributary
phosphorus loadings to Lake Madison and Brant Lake would result in a chlorophyll a
concentration reduction of 88% and 90% for each lake, respectively. If the reduction
could be reached, the TSI ranking for chlorophyll a would be reduced to a mesotrophic
status for both lakes.

With BMP installation on areas with a rate of erosion greater than 7.0 tons per acre, and
the containment of all nutrient sources from all of the livestock feeding areas, a 32.5%
and 40% reduction in total phosphorus loadings to Lake Madison and Brant Lake can be
expected, respectively. Another 10-13% reduction in phosphorus loadings can be
realized if the storm sewers contributing nutrients to Silver Creek are reduced or
eliminated. Additional reductions in phosphorus loadings can be obtained if phosphorus
from lawn fertilization for both lakes, and failing onsite wastewater disposal systems for
Brant Lake are reduced.

The contribution of internal phosphorus loading to the nutrient budget of Lake Madison
and Brant Lake was not calculated. However, Bourne Slough continually receives
phosphorus from Silver Creek. This phosphorus is then transported into the main basin
of Lake Madison. The shallow nature of Bourne Slough has reduced its capacity to
withhold phosphorus from the rest of Lake Madison. A small sediment removal project
to increase the depth around the mouth of Bourne Slough may increase its ability to retain
a greater amount of phosphorus. Round Lake is also releasing more sediment and
phosphorus to Brant Lake than it received from Lake Madison. A sediment survey
should also be completed on Round Lake to determine the volume and distribution of
sediment for Round Lake. )
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INTRODUCTION

Lake Madison and Brant Lake are located in Lake County, South Dakota. The purpose of this
Phase I Diagnostic/Feasibility Study was to determine sources of impairments to these lakes and
to examine the way the lakes function as hydrologic systems. Lake Madison, Brant Lake and
Lake Herman form a chain of lakes connected by a single tributary. The tributary which joins
the three lakes is Silver Creek (Figure 1).

This study was initiated in the fall of 1994, and proceeded until the fall of 1997 when the storm
sewer water quality data had been collected. The main components of the assessment consisted
of inlake water quality monitoring, algae sampling, tributary monitoring, storm sewer
monitoring, groundwater monitoring, and land use assessment. In order to assess land use, the
Agricultural Nonpoint Source (AGNPS) model was used. AGNPS is a comprehensive land use
model which estimates soil loss and delivery and livestock impacts from the watershed. The
model was used to identify critical areas of nonpoint source pollution and to predict the response
of water quality following implementation of Best Management Practices (BMPs).

Lake Description (Lake Madison and Brant Lake)

Lake Madison is a hypereutrophic natural lake of glacial origin located approximately three
miles southeast of the city of Madison, South Dakota. The lake has a surface area of 2,799 acres
(1,132 ha) and mean depth of 9.7 ft. (3.0 m). The lake has a heavily developed shoreline with
cabins and permanent homes. Public access to the lake is excellent and the lake has very high
use. The population within a 65-mile radius is 270,159 according to 1990 census figures.

Lake Madison has been included in South Dakota Lake Water Quality Assessment (LWQA)
sampling program since 1989. Mean Carlson trophic state index is 74.15 indicating
hypereutrophy. There is an established sanitary district encompassing the entire shoreline.
Sanitary treatment consists of a central collection facility and infiltration-percolation basins.

Brant lake is a 1,000 acre (405 ha) lake of glacial origin located 1.5 miles northwest of the town
of Chester, South Dakota and 2 miles southeast of Lake Madison. Brant Lake has a highly
developed shoreline with cabins and permanent homes. The mean depth of the lake is 11 ft. (3.4
m). Existing data from 1989 indicate that Brant Lake has a mean trophic state index of 70.73
which indicates hypereutrophy. Privately owned septic tanks and drain fields are the current
sanitary treatment around the lakeshore.

Brant Lake and Lake Madison have experienced damage to shoreline and homes due to high
water during the 1993 flood. Brant Lake had a catastrophic failure of a shoreline stabilization

project due to high water and wind at that time.

Watershed Description (Lake Madison and Brant Lake)

The individual watersheds of Lake Madison and Brant Lake encompass 29,191 acres (11,813 ha)
and 7,658 acres (3,099 ha), respectively. The size of the combined watershed is 36,849 acres
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Figure 1. Lake Herman, Lake Madison, and Brant Lake Watershed in Lake County, South Dakota.
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14,912 ha) and for the purposes of this study the two-lake drainage will be treated as a single
system. The watershed of Lake Herman is not included in the study. The watershed area under
investigation will be the area from the outlet of Lake Herman to the Skunk Creek outlet from
Brant Lake (Figure 2).

Land use is primarily agricultural with a community of 6,257 people (Madison, SD) located in
the watershed. Agricultural land use in the watershed is approximately 84% cropland and 15%
grass or pasture. Animal feeding operations for beef, swine and poultry are scattered throughout
the watershed. Major soil associations found in the watershed include Egan-Viborg, Egan-
Wentworth, and Dempster.

The city of Madison has some light industry and storm sewers which drain directly to Silver
Creek above Lake Madison. Agbusinesses concerned with sales and storage of fertilizers and
pesticides are located in the city. Further socioeconomic information is located in Appendix G.

Public Access (LLake Madison and Brant Lake)

Brant Lake has three public access areas around the lake that offer boat ramps, shore fishing, and
toilet facilities. Lake Madison has four state-owned public access areas offering camping, picnic
areas, shore fishing, boat ramps, swimming areas and toilet facilities. Both lakes are located
within convenient driving distance of the city of Sioux Falls, SD (population +100,000). As a
result these lakes experience heavy recreational use during the spring, summer and fall months.

Lake Herman

Lake Herman has been the subject of intensive study and restoration efforts since the early
1970’s. Lake Herman was not considered in this study project due to the abundance of recent
information already available. However, the existing data on Lake Herman is used in this report
on the three-lake chain.

Lake Herman is a 1,350 acre (546.3 ha) glacial lake located in Lake County, South Dakota. The
lake is the first lake in the Lake Madison/Brant Lake Watershed. It is drained by Silver Creek
which flows through the city of Madison before entering Lake Madison, Round Lake and, finally
Brant Lake. Lake Herman and its 44,000 acre watershed are located in the Central Lowlands
Province of the western section of the Prairie Coteau. A Phase III Post-Implementation
investigation was completed for Lake Herman in 1993. The Executive Summary is included
here for a summary of the water quality problems identified in the Lake Herman Watershed.
These identified problems are causing degradation of the water quality of Lake Herman and other
water bodies located downstream such as Silver Creek and Lake Madison. To review the
conclusions of this report or obtain a copy please contact the South Dakota Department of
Environment and Natural Resources in Pierre, SD (SDDENR, 1994).



EXECUTIVE SUMMARY

In September 1977 the U.S. Department of Agriculture (USDA) and the U.S. Environmental
Protection Agency (EPA) initiated a joint water quality/land management effort, the Model
Implementation Program. This program was devised in order to demonstrate the effectiveness of
concentrating and coordinating the various soil conservation programs and water quality
management programs of the USDA and the EPA.

After intensive analysis of historical and present data was completed it was determined that twelve
Best Management Practices (BMPs) would have the greatest benefit on the water quality and overall
health of the lake.

A monitoring program was put in place during the Model Implementation Program (MIP) to assess
the progress these land treatment efforts would have made on the water quality, including the three
sediment control structures. This monitoring program did not, however, determine the long-term
effect that the BMPs and the sediment control structures would have on the water quality of the Lake
Herman watershed. -

In March 1992, the Lake Herman Phase III Post-Implementation study was initiated to determine the
long-term effects of the MIP and reassess the three sediment control structures. Monitoring was
conducted on 11 sites within the watershed and three in-lake sites. Water samples, stage and current
velocity monitoring, and Agricultural Nonpoint Source data was collected by employees of the then
Soil Conservation Service (SCS) located in the Lake County field office. Sampling was conducted
March through October of 1992 and March through August of 1993 when equipment was finally
removed. The South Dakota State Health Lab located in Pierre, SD analyzed water samples.

The Agricultural Nonpoint Source (AGNPS) computer model was also used to:

Evaluate and quantify the loadings from the four main tributaries.

Define critical cells within each subwatershed.

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

Estimate the effect of the sediment control structures on reducing sediment loadings to Lake
Herman.

SN

Problems identified from previous investigations have included periodic fish kills, heavy blue-green
algae blooms, and high siltation problems. Most of the problems associated with Lake Herman are
derived from excessive nutrient loadings and siltation due to nonpoint pollution sources and possibly
untreated feedlots.

The sediment control structures, which are drawdown type dry structures, were monitored during a
72-hour operating procedure in 1992 and a 24-hour operating procedure in 1993. Results indicated
that the 72-hour operating procedure on dam #1 was more effective than the 24-hour procedure in
reducing suspended solid concentrations. Dam #2 and #3 did not have any consistent trends in
defining any differences between the two operating procedures. The excessive amount of water
during 1993 may have caused data to become slightly skewed due to the fact that all three dams
became less efficient as the storm intensity increased (see AGNPS analysis of the Lake Herman
watershed). AGNPS also revealed that the subwatershed of site 1 and 2 contained a higher
percentage of clays than the other two subwatersheds (3A and 3B). It may require a longer retention
time to increase the overall efficiency of the sediment control structures due to the nature of the soils.
A sediment survey completed on dam #1 indicated that an average of 217 tons of material per year
was retained. Due to weather a similar survey could not be completed on dam #2 and #3. Annual
means for all parameters indicated that there has been an overall decrease in concentrations of



suspended solids since the inception of the MIP. However, with flooding occurring in 1993,
concentrations slightly increased.

Monitoring from all tributaries indicated that water quality in subwatersheds 3A and 3B declined
primarily due to feedlots located in the northern part of the watershed. High fecal coliform counts
accompanied high nitrates+nitrites and low dissolved oxygen concentrations. Thirteen feedlots were
identified in the watershed of which 12 were located in the subwatershed of site 3B. AGNPS also
ranked two feedlots much higher than the other eleven. It was also revealed that the erosion rate
(tons/acre) for sediment, phosphorus and nitrogen was highest in the subwatershed of site 1 and 3B
although site 3A and 3B delivered larger loads (tons/drainage area) to the lake. This correlates with
the water quality field data. The higher erosion rate and the high percentage of clays in the
subwatershed of site 1 have caused the lower efficiency of dam #3.

Inlake water sampling results indicated that Lake Herman remains a hypereutrophic lake. The
phosphorus concentrations were slightly higher in 1993 whereas the suspended solids and
chlorophyll a concentrations were slightly reduced in 1993. This phenomenon can be attributed to
the flood that delivered over 52,000 acre-feet more water in 1993 than in 1992. The lake has been
documented previously as being nitrogen limited and continued to exhibit this phenomenon during
the Phase III study. An aquatic plant survey did not find any submerged aquatic weed beds within
the lake proper although there were several large areas (100 meters X 50 meters) of emergent weed
beds containing cattails and giant reed grass.

Based on the results given in the following report the recommendations listed below should be
implemented to upgrade MIP treatment measures or improve existing conditions within the Lake
Herman watershed.

1) Establish animal waste management systems for two feedlots

2) Continue to promote, reevaluate and/or increase the number and area of BMPs within the
watershed.

3) Streambank stabilization and riparian vegetation management of areas along tributaries
damaged by the flood.

4) Increase retention time of sediment control structures.

S) Continue to monitor and maintain riprapping installed during MIP for Lake Herman shoreline
stabilization.



METHODS AND MATERIALS

Hydrologic Data

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

In addition to the measurements above, Silver Creek water quality and quantity was monitored
above and below the city of Madison. Sampling sites LMT1 through LMT4 were placed at
certain locations above Madison to determine the water quality and quantity upstream of
Madison’s storm sewer network. Each one of these sites was monitored throughout 1995 and
partly in 1996. A full year of data including loadings, water quality parameters in mg/L, and
export coefficients (kg/year) were calculated.

Monitoring was conducted from March through November of 1995. Monitoring took place
primarily during 1995 although one sample per tributary site was collected in March of 1996. At
that time it was decided to continue to monitor the hydrologic loadings until August of 1996
when all the monitoring and gauging equipment was finally removed. Continuous base flow data
was collected from each tributary monitoring site. Data that was collected included average daily
stage, instantaneous discharge, and water quality samples. When possible, peak flow event data
was also collected in order to determine the loadings delivered during these events. All tributary
water quality samples collected during the project were collected with a model DH-47 suspended
sediment sampler. When using the DH-47, a similar length of time is used to travel from the
surface of the stream to the bottom of the stream and back to the surface (called a vertical). A
series of verticals is spaced evenly across the stream. The sampler is designed in such a way as
to collect water based on the discharge at each specific vertical, i.e. the faster the flow the more
water will be collected at that vertical during the same time interval. This allows for a more
representative sample to be collected at a specific cross-section of stream. See the South Dakota
Dept. of Environment and Natural Resources Watershed Protection Standard Operating
Procedures manual for further details.

Water Quality

All sites, (tributary and outlet) were sampled twice weekly during the first week of snowmelt
runoff and once a week thereafter until the runoff stopped in April. Base flow monitoring also
took place after the snowmelt runoff ceased. All nutrient and solids parameters were sampled
using approved methods documented in South Dakota’s EPA-approved Standard Operating



Procedures for Field Samplers. The South Dakota State Heaith Laboratory in Pierre, SD,
analyzed all samples. The purpose of these samples was to develop nutrient and sediment
loadings to determine critical areas in the watershed.

A standard water quality sample set analyzed by the State Health Laboratory consisted of the
following parameters:

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

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

Unionized Ammonia Organic Nitrogen
Total Dissolved Solids Total Nitrogen

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

Water Temperature Air Temperature Dissolved Oxygen
Field pH

Water Quality Parameters Defined:

A total phosphorus sample consists of two general forms of phosphorus. The first is dissolved
phosphorus, which is a measure of the phosphorus dissolved in 1 liter of water, not bound to any
particle and available for immediate uptake by plants. The second form of phosphorus is the
particulate phosphorus which is attached to a sediment particle. The particulate form is
calculated by subtracting the dissolved phosphorus from the total phosphorus.

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

Suspended solids are those solids transported in the water column to the downstream area of the
receiving body of water. Suspended solids concentrations are an estimate of the sediment
transported in the stream.

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

Nitrogen is found in many forms in the environment, both inorganic and organic. Nitrates +
nitrites (NO,,,) and ammonia (NH,") can be indicators of excessive inputs associated with
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fertilizer and animal wastes as well as the natural breakdown of vegetation. Ammonia is a
breakdown product of the biodegradation of vegetation and other organic matter, such as animal
wastes. Unionized ammonia is highly toxic to many organisms and is subject to South Dakota
water quality standards. The concentration of unionized ammonia is dependent upon the
temperature and pH of the water.

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

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

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

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

The subsequent discussion reviews the water quality and flow data from each site within the
Silver Creek drainage upstream of Lake Madison (Sites LMT1 through LMT6). The discussion
begins with Site LMT6, the site located closest to Lake Madison on Silver Creek, and moves
progressively upstream discussing how each upstream monitoring site effects the downstream
sites and Lake Madison.

The next discussion will compare Site LMT7, located on a small tributary from the northeast
draining through Wentworth Park, and BLT8 which is the outlet of Lake Madison. The final
discussion will include the water quality trends and loadings associated with Sites BLT9,
BLT10, Brant Lake, and BLT11 (outlet of Brant Lake).

Sites on Silver Creek were numbered in consecutive order progressing downstream from the
outlet of Lake Herman (Site LMT1) to the outlet of Brant Lake (Site LMT11). Sites LMT3, 4, 7,
and 10 were installed to monitor various smaller tributaries contributing to Silver Creek, Lake
Madison, and Brant Lake (Figure 2).
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WATER QUALITY DISCUSSION

South Dakota Water Quality Standards
Silver Creek and Skunk Creek have been assigned the following water quality beneficial uses:

(6) Warmwater Marginal Fish Life Propagation
(8) Limited Contact Recreation

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

The remaining streams have been assigned beneficial uses 9 and 10. In the case where the above
uses have two or more standard limits for the same parameter, the most stringent standard is
applied. Table 1 indicates the most stringent standard limits for Silver Creek to Bourne Slough
and Skunk Creek to the Big Sioux River (Outlet of Brant Lake) for the parameters analyzed in
this study (Figure 2).

Un-ionized Ammonia** <0.05 mg/L

Dissolved Oxygen* > 5.0 mg/L

PH* > 6.0 and <9.0 su

Suspended Solids** <150 mg/L

Total Dissolved Solids** | <2500 mg/L

Temperature* <32.22°C

Fecal Coliform*** < 2,000/100 ml (grab sample)
Alkalinity** <750 mg/L

Nitrates < 50 mg/L

i ek
> 6.0 and <9.5 su

PH*
Total Dissolved Solids** | <2500 mg/L
Alkalinity** <750 mg/L
Nitrates <50 mg/L
* A variation allowed under subdivision 74:03:02:32(1) — The applicable criterion is to be maintained

at all times.

** A variation allowed under subdivision 74:03:02:32(2) — The applicable criterion is to be maintained :
at all times based on the results of a 24-hour representative composite sample. The numerical value
of a parameter found in any one grab sample collected during any 24-hr period may not exceed 1.75 \
times the applicable criterion.

***  Fecal Coliforms from May 1 to September 30 may not exceed a concentration of 1,000 per 100 ml
as a geometric mean based on a minimum of 5 samples obtained during separate 24-hr periods for
any 30-day period, and they may not exceed this value in more than 20 percent of the samples
examined in the 30-day period. They may not exceed 2,000 per 100 ml in any one sample from
May1 to September 30. : i
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According to the water quality data collected during the 1994-96 sampling seasons there were
only 14 exceedances of the standards located in Table 1. These standards are applicable to the
stream monitoring sites located on Silver Creek (LMT1, LMT2, LMT5, and LMT6) and Skunk
Creek which is the outlet of Brant Lake (BLT11). Of the 14 exceedances, 9 were associated with
pH. The maximum exceedance of the pH standard >6.0 < 9.0 su was 9.39 su. This sample was
observed on March 12, 1996 and also resulted in the only exceedance of the unionized ammonia
standard of >0.05 mg/L. For this observation the pH and ammonia concentrations were
relatively high resulting the unionized ammonia exceedance.

The remaining eight pH exceedances were slightly greater than the 9.0 su standard and may have
been due to meter drift. However, these observations were consistently higher during the spring
samples and occurred at Sitt LMT1 and BLT11 only, which are the outlets of Lake Herman and
Brant Lake, respectively (Figure 2).

The other exceedances were associated with dissolved oxygen and fecal coliforms. On June 28,
1995, 3 sites exceeded the standard of 2,000 fecal coliforms per 100 ml. Site LMT2, LMTS5, and
LMT6 counts were significantly greater than the 2,000 fecal colonies per 100 ml standard,
ranging from 2600 to 4200 per 100 ml. For Site LMT2 there was also an exceedance of the
dissolved oxygen standard of 4.0 mg/L on June 28 in which the dissolved oxygen concentration
dropped to 3.9 mg/L. The higher nitrates and suspended solids concentrations, although the
standards for these parameters were not exceeded, contributed to the decrease in oxygen
concentrations and increase in fecal coliforms.

For the remaining sites, which fall under the Wildlife Propagation and Stock Watenng
Irrigation Waters standards (Table 2), there were no observed exceedances.

TRIBUTARY WATER QUALITY AND LOADINGS

Seasonal Water Quality

Different seasons of the year can yield different water quality in a tributary due to the changes in
precipitation and agricultural practices. Tributary samples were separated into spring (March 15
to May 31, 1995), summer (June 1 to August 31, 1995), and fall (September 1, to October 30,
1995). According to the water quality samples collected in 1995, the largest nutrient and
sediment concentrations and loadings typically occurred during the spring (Table 3).

" The smaller tributaries discharged most of their nutrient and sediment loadings during the spring.
The majority of sediment and nutrient loading occurred during the spring runoff period.
However, the outlet of Lake Madison and Brant Lake discharged a majority of nutrient loads
(phosphorus) during the summer. The most likely causes for this are: as the loadings from
tributaries enter the lake, a lag period (retention time) will take place until the nutrients that do
not settle to the bottom are discharged from the lake. For Lake Madison and Brant Lake the
phosphorus discharged during the summer was the majority but was still 50% or less of the total
loadings.
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Table 3. Average Chemical Concentrations for All Tributary Sites by Season*

Parameter Spring Summer Fall
Count | Average | Count Count | Average
Flow 68 11 63.11
Dissolved Oxygen 88 11 9.25
Field pH 88 11
Fecal Coliform 80
Alkalinity 88
Total Solids 88
Suspended Solids 88
Ammonia-N 88
Nitrate-Nitrite - N 88
Total Kjeldahl - N 88
Total Phosphorus 88
Dissolved Phosphorus 88

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

The concentrations of phosphorus, nitrogen, and suspended solids are higher in the spring than at
any other time of year. Applied fertilizer, decaying organic matter and accumulated animal
waste that are carried by spring runoff and rain events are the most likely cause of these elevated
concentrations. Nitrates are water soluble; meaning they can easily dissolve in water. In the
spring the soil may be either frozen or saturated and most of the flow occurs overland into lakes
and streams.

Site LMT6 Water Quality

Site LMT6 is the final monitoring site |
on Silver Creek as it passes =N
underneath State Highway 19 just
before the creek enters Bourne Slough
(Figure 3). This site was monitored to
determine how much difference there

may be between Site LMT5, which | [roeee]
was near the Madison’s Wastewater
Treatment Facility, and Bourne L A Bourne
Slough. In addition, it was used to hotem \

determine the magnitude of nutrient 1 -y
and sediment loadings entering Lake ' s
Madison  from  this  major wmz] -, ALY \,
subwatershed. AGNPS indicated that [oe]
the total surface area draining to this A
point (Site LMT6) is approximately
25,480 acres. Site LMT®6 is influenced
by all upstream sites (LMT1-LMT5)  Figure 3. Location of Site LMT6.
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(Figure 3).

The water quality at Site LMT6 is influenced by two different areas in the 25,480-acre drainage
to this point. The first area is the subwatershed draining the 20,480 acres above Site LMT35
located near the Madison Wastewater Treatment Facility (WWTF). The second area is the
acreage draining into Silver Creek between LMT5 and LMT6, which is approximately 5000
acres (Figure 3).

Although Site LMT6 did not have the highest median concentration of fecal coliform, which was
exhibited by Site LMT4 (Memorial Creek), it did have the largest mean concentration (663
colonies/100ml). It also exhibited the largest maximum concentration of fecal coliform colonies
(4200 colonies/100 ml) which occurred on June 28, 1995. The maximum concentrations for all
Sites LMT1 through LMT6 occurred on this date.

Nutrient concentrations for this site were not significantly different from those collected at Site
LMTS5. Phosphorus concentrations ranged from 0.171 mg/L to 0.397 mg/L for Site LMT6 (mean
= 0.309 mg/L) and the range for Site LM TS5 phosphorus concentrations was 0.167 to 0.402 mg/L
(mean = 0.310 mg/L). The maximum concentration at Site LMT6 of 0.397 mg/L occurred on
April 17 whereas the maximum concentration at Site LMT5 of 0.402 mg/L occurred on August
7. As can be seen on Figure 14, total phosphorus at Site LMT6 was slightly lower than Site
LMTS5. The dissolved phosphorus concentrations were only slightly different between the two
sites as well. In fact, the mean concentration at Site LMT6 was only slightly less than at Site
LMTS5, 0.134 mg/L vs. 0.150 mg/L. Site LMT6 dissolved phosphorus concentrations were not
significantly different from any of the other sites previously discussed.

Total dissolved phosphorus was found to have only a slight relationship with total phosphorus
(R? = 0.65) indicating that particulate phosphorus is more significant at this monitoring site.
Total dissolved phosphorus constituted less than 50% of the total phosphorus (mean = 43%).

The mean suspended solids concentration for Site LMT6 was significantly higher than Site -
LMT5, 64 mg/L vs. 39 mg/L, respectively. This was in contrast to the phosphorus
concentrations discussed above. The Site LMT6 suspended solids maximum of 106 mg/L
occurred on April 3, 1995. Suspended solids were consistently higher in early spring samples
compared to late spring and summer. Higher flows occurred during this time from spring rains
and snowmelt runoff. However, statistically significant relationships were not exhibited between
instantaneous discharge in cubic feet per second and total suspended solids concentrations (R* =
0.01). The correlation between discharge and total suspended solids may have been greater if
more samples had been collected (n = 12). There was also no relationship indicated through
regression analysis between total suspended solids and total phosphorus (R* = 0.14). This was
found to be the case with all six sites, i.e. no relationship between total suspended solids and total
phosphorus. Site LMT6 was receiving the majority of its phosphorus from other sources than
suspended solids.

Nitrates ranged from 0.2 mg/L to 2.8 mg/L with low variability. Site LMT6 concentrations were
not significantly different from those at Site LMTS5 upstream. Nitrates, which can be an indicator
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of animal wastes as well as fertilizer

I'Llnoff, were Variable and did nOt eXhibit Seasonal Total Phosphorus Loadings for Site LMT6
any trends throughout 1995. However, the Lake Madion Watershed

2.8 mg/L maximum concentration occurred Fal

during snowmelt runoff with relatively .

high concentrations of total suspended <| Spring
solids, total phosphorus, and dissolved ®%
phosphorus. There were also observations
of relatively high nitrate levels during the

Summer

summer months. These observations (1.5 2%
mg/L and 0.5 mg/L) were accompanied by
high fecal coliform, suspended solids, and
phosphorus concentrations. When high  Figure 4.
dissolved phosphorus and fecal coliform

are present together, it this is usually an

indication of animal waste material.

Other concentrations of nitrogen species present in the water such as ammonia and un-ionized
ammonia did not indicate any water quality problems (Table 7). Un-ionized ammonia, which is
calculated through the use of water temperature, ammonia concentrations, and pH, did not attain
any large concentrations during the 1995 sampling year.

Most of the nutrient and sediment loadings occurred during the spring months when snowmelt
runoff and rainfall principally occurred (Figure 4). Subwatershed size at Site LMT6 was
approximated by AGNPS at 25,480 acres. This excludes the Lake Herman subwatershed. In
order to compare export coefficients to the other subwatersheds, Site LMT?5 total loadings were
subtracted from Site LMT6 total loadings. This difference in loadings was then divided by the
5,000 acres (25,480 — 20,480 acres) located between Site LMT5 and Site LMT6 for the
individual export coefficient (Table 6).

A total of 23,351 Ibs of phosphorus was transported to Lake Madison from the Silver and
Memorial Creek subwatersheds. Dissolved phosphorus constituted 9,670.5 Ibs of the total
phosphorus load (41%) (Table 6). The total phosphorus load decreased by 603 lbs and the
dissolved phosphorus load decreased by 1,665 Ibs between Site LMT5 and LMT6. This loss of
phosphorus resulted in negative export coefficients for both dissolved and total phosphorus (TP =
-0.12, TDP = -0.33 Ibs/acre). The reduction in phosphorus loadings was due to the slightly lower
concentrations of dissolved and total phosphorus at Site LMT6 compared to Site LMT5.

A total of 2,518.8 tons of suspended solids was discharged into Lake Madison through Site
LMT6 (Table 6). Although some of suspended solids were filtered out at Bourne Slough before
the solids entered the main lake, the suspended solids value is still underestimating the extent of
the bedload transported on the bottom of the stream. The suspended solids export coefficient for
Site LMT6 was 275.9 Ibs/acre-yr (Table 6). The export coefficient for the 5,000 acres between
Site LMT5 and LMT6 was the highest suspended solids coefficient for Sites LMT1-LMT6
(Table 6). This is primarily due to the increase in suspended solids concentrations in the Silver
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Creek Area south of the wastewater treatment facility. That area has stretches of cutbanks,
erosion of which during high flows may have resulted in the higher suspended solids
concentrations. The concentrations transported through Site LMTS5 from the city storm sewers
would be increased due to streambank erosion.

Site LMTS Water Quality

Site LMT5 is located approximately
1.5 miles southeast of the city of <
Madison on Silver Creek.  This -
monitoring  site  was  placed \ R ‘\
downstream of the confluence of \

Silver Creek and Memorial Creek
(Figure 5). It is also located i [Lome]
approximately 2 miles upstream from s KU | Yo [wwre /I—?I

)
Y

Site LMT6. Near this monitoring  |[owm] : A o

. . . . R Slou
station is the city of Madison’s A ; . \4 2
Wastewater Treatment Facility. The g -
storm sewers from the city of Madison ‘ v \ . o B
also discharge into the Silver and [::i -t RSN
Memorial Creek at various points LTS : BE
within the city limits. Between the .
confluence of Silver and Memorial
Creek and Site LMTS5 (Figure 5) there
is a small area in which some  Figure 5. Location of Site LMTS5.

agriculture production takes place and

it is necessary to try and distinguish between these two influences on the water quality of Silver
Creek. The urban contribution of phosphorus, sediment and nitrogen to Silver Creek and Lake
Madison will be discussed in a separate section.

Bty

i

The Site LMTS5 (Silver Creek) subwatershed includes the monitoring sites LMT1-LMT4 (Figure
5). According to the data collected for the Agricultural Nonpoint Source computer program
(AGNPS) the surface area of the entire subwatershed including LMT2, 3, and 4 is 20,480 acres.
The subwatershed area that was included in the calculation of the export coefficients was only
3,480 acres. This number was calculated by adding the subwatersheds for LMT2, LMT3, and
LMT4 (1,720 + 1,400 + 13,880 = 17,000 acres) and subtracting this from the total surface area of
the Site LMT5 subwatershed (20,480 — 17,000 = 3,480 acres). This calculation method was also
conducted for all of the sediment and nutrient loadings. For example, all the total phosphorus
loadings from LMT2, LMT3, and LMT4 were added together equaling 21,002.9 1bs of TP. This
number was then subtracted from the total phosphorus loadings from Site LMT5 (23,953.8 —
21,002.9 = 2,956 Ibs of TP). The 2,956 Ibs represents the gain in total phosphorus between the
upstream sites (LMT2, 3 and 4) and the downstream Site LMTS5. The total phosphorus export
coefficient for the 3,480 acres was 0.85 Ib/acre (2,956 1bs/3,480 acres) (Table 6). This 3,480
acres includes the city of Madison and the area between the City and the Wastewater Treatment
Facility.
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The water chemistry collected from Site LMT6 was very similar to Site LMT4. Site LMT5
exhibited relatively high nutrient levels and moderate levels of suspended solids (Site LMT5 TSS
mean = 39 mg/L). Although exhibiting a lower mean total phosphorus concentration than Site
LMT4, Site LMT5 had a higher median value (0.321 mg/L compared to 0.312 mg/L of TP). Site
LMTS5 fecal coliforms, an indicator of waste from warm blooded animals, exhibited higher mean
concentrations than the upstream sites LMT2 and LMT3. Site LMT5 coliforms were still
consistently lower than the concentrations from Site LMT4 (Table 7). A large increase in fecal
coliforms (2600 colonies per 100 ml) was observed on June 28, 1995. A slight increase in
suspended solids (60 mg/L), ammonia, nitrates, and phosphorus concentrations also accompanied
this concentration.

The mean dissolved phosphorus concentration at Site LMT5 (0.150 mg/L) was significantly
lower than at Site LMT4 (0.255 mg/L). The mean concentrations at the remaining upstream sites
(LMT2 and LMT3) were not significantly different from Site LMT5 (Table 7). The volume of
water from Sites LMT2 and LMTS3 is significantly larger than at Site LMT4. Sites LMT2 and
LMT3 may have had a larger effect on the water quality of Site LMT5 and essentially diluted the
impact of LMT4 on LMT5. Mean dissolved phosphorus constituted 48% of the total
phosphorus. Although concentrations of suspended solids were slightly higher at Site LMT5,
resulting in a higher percentage of particulate phosphorus (52%), the concentrations of suspended
solids and total phosphorus were not related (R* = 0.02).

Nitrogen concentrations were well within the range of concentrations from the other sites
included in this discussion. The mean concentrations for nitrates and total nitrogen were lower
than the upstream Site LMT2 (Silver Creek) and Site LMT4 (Memorial Creek) (Table 7).
Ammonia concentrations were not significantly different and did not exhibit any trends.
Dissolved oxygen, alkalinity, and pH values did not indicate any water quality problems either.

There was a 6.6% increase in the amount of water discharged at Site LMT5 compared to the 3
upstream sites (Table 4). However, there was an increase in the suspended solids (sediment) and
phosphorus loadings by 25.6% and 14.7%, respectively. Total nitrogen loadings actually
decreased by 8.6% between the 3 upstream sites and downstream Site LMTS5. The mean
concentration of total nitrogen was actually less at Site LMT5 compared to the two upstream
sites which provided 99% of the nitrogen loadings (Table 4 and 7).

Table 4. Hydrologic, Sediment, and Nutrient Loadings
for Sites LMT2, LMT3, LMT4 and LMTS.

Site Area Water TSS TN TP
LMT2 1720 20610.5 1269.3 63.9 7.8
LMT3 1400 425.8 4.4 0.6 0.06
LMT4 15280 6610.1 182.3 19.1 2.6
LMT5 20480 29463.5 1829.0 76.4 12.0
(2+3+4) -5 3480 1817.1 373 -7.2 1.5
Units acres acre-feet tons tons tons
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Most of the loadings occurred during
the spring runoff period and dropped
off substantially after the spring
runoff ended. During the spring
runoff period, a loss of water
occurred between the three upstream
tributary sites LMT2, 3, 4 and the
Silver Creek downstream Site
LMTS5. As can be seen on Figure 6,
the North Skunk Creek aquifer is
located along Memorial and Silver
Creek in a northwest to southeast
direction to the outlet of Brant Lake
which is the source for Skunk Creek.
The North Skunk aquifer consists of
poorly sorted sandy gravel located
northwest of Lake Madison. The
aquifer eventually grades into a well AREA WHERE THE AQUIFER I8 CONFINED BY TiLL

sorted sand and gravel southeast of i T AcureR souoam .
Lake Madison. Recharge to the Figure 6. Location of the North Skunk Creek Aquifer.

aquifer is by infiltration of

precipitation and snowmelt. In a

number of investigations it was observed that Lakes Madison, Herman, and Brant are connected
to the aquifer. The direction of water movement in the aquifer is primarily to the southeast
(USGS, 1986).

After comparing the seasonal loadings between the upstream sites LMT2, 3, 4, and the
downstream Site LMTS5, it was determined that an estimated 6,410 acre-feet of water was lost
over the course of the spring runoff period from March 16 to May 31, 1995. After review of the
available information on the aquifer and consultation with hydrologists, it was determined that
this surface water was lost to the aquifer during spring groundwater recharge (Figure 7).

The South Dakota DENR Water Rights Program has several monitoring wells in this aquifer. On
March 16, 1995, Water Rights personnel took a measurement of Well LK-84B in which the
depth from the top of the water to the top of the casing was 11.1 ft. On June 7, 1995, Water
Rights personnel took another measurement on Well LK-84B. At this time the depth from the
top of the casing was 4.8 ft indicating that over the course of the spring runoff monitoring period
(March 16 — June 1, 1995) the water table had increased in depth by 6.3 ft.

The area in question where Sites LMT2, 3, 4, and 5 are located comprises approximately 6
square miles (3,480 acres). A storage coefficient ranging from 0.2 to 0.3 was used (USGS, 1965
and USGS, 1990). We would multiply the storage coefficient (specific yield) by the change in
depth (6.3 ft)=0.2 * 6.3 =1.26 ftor 0.3 * 6.3 = 1.89 ft). Assuming then that the change in depth
of the aquifer would range uniformly across the entire aquifer from 1.26 to 1.89 feet. The
amount of recharge that occurred during the spring runoff of 1995 would range from 4,838.4 to
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Figure 7. The North Skunk Creek Aquifer Recharge for the Spring of 1995.

7,257.6 acre-feet of recharge. This seems a logical explanation for the loss of 6,411 acre-feet of
water during the spring runoff period of 1995, assuming the entire aquifer increased by 1.26 to
1.89 (Table 5).

Figure 7 shows the loss of water that occurred between the upstream and downstream sites. This
substantial loss of water also resulted in a reduction in the nutrient and sediment loadings for the
spring runoff period. However, over the course of the entire monitoring period the suspended
solids increased by 373 tons between the upstream Sites LMT2, 3, and 4 and Site LMT5. There
was also an increase in total phosphorus by 1.5 tons. Site LMT5 export coefficients for
suspended solids and total phosphorus were larger than those for Sites LMT3 and LMT4 but was
less than that of Site LMT2 (Table 6). The dissolved phosphorus export coefficient for Site
LMTS5 was 0.24 Ib/acre. This was lower than Sites LMT2 and LMT4 but higher than LMT3.
These differences in export coefficients may be partially explained by the storm sewer runoff
from the city. The concentrations of suspended solids and total phosphorus from the storm sewer
samples were extremely high but dissolved phosphorus concentrations were lower, resulting in

Table 5. Loss of Water Table Spring
1995 for Sites LMT2,3,4 compared to Site

LMTS5.

Site . Area Water
LMT2 1720 12751.0
LMT3 1400 306.2
LMT4 15280 4033.8
LMT5 20480 10680.0
@2+3+4)-5 2080 -6410.8
Units acres acre-feet
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the differences in the relative export coefficients. The effect of stohn sewers on Silver Creek and
Lake Madison will be discussed later in the report.

Site LMT4 Water Quality

Site LMT4 (Memorial Creek) drains -
from the north. According to the data )
collected for the Agricultural Nonpoint DU
Source computer program (AGNPS) the \\' R
subwatershed size for Memorial Creek - \
at the sampling site was 13,880 acres i
(Figure 8). Landuse is primarily ol k- | Yy -
agricultural in this subwatershed but [} %
some constant impairments were i ’.
revealed.

T _2..;7

Median fecal coliform counts for Site ﬁ \
LMT4 were 165 colonies per 100 ml
but the mean was 574 colonies per 100
ml primarily because of a single isolated e
maximum value of 3,900 coliform
colonies per 100 ml. Of the six sites  Figure 8. Location of Site LMT4.

included in this section the Site LMT4

exhibited the second highest mean of 574 colonies per 100ml and the second highest maximum
concentration of 3,900 fecal colonies per 100 ml. Here, again, the maximum concentration
occurred on June 28. During 1995, there were other periodic spikes of fecal coliforms
accompanied by higher concentrations of suspended solids, nitrates, and, total and dissolved
phosphorus.

€12
lyie
§~
C

In addition to high fecal coliform counts during 1995, Site LMT4 consistently had high
concentrations of nitrates+nitrites (mean = 1.15 mg/L, max = 2.80). There were also
observations of high total phosphorus and total dissolved phosphorus. The maximum
concentration of total phosphorus at Site LMT4 was 0.528 mg/L and the mean concentration was
0.322 mg/L. The mean fraction for dissolved phosphorus was 79%. The data suggests that
livestock and fertilizers seem to be the problem in this upper subwatershed. The buffering
capacity of this site was well maintained (alkalinity mean = 163 mg/L). The pH levels ranged
from 7.7 to 8.2 su, and dissolved oxygen ranged from 5.1mg/L to 11.6 mg/L (Table 7).

The high nutrients (TP mean = 0.322 mg/L) at Site LMT4 are largely bioavailable and
susceptible to immediate plant and algal uptake. Total and dissolved phosphorus were not
correlated with the suspended solids loadings (R? = 0.003,df=11). Mean and median suspended
solids concentrations (mean = 22 mg/L, median = 17 mg/L) were relatively low in comparison to
the other six sites included in this discussion. The median suspended solids concentration (TSS
= 17 mg/L) was only higher than Site LMT3 (TSS = 7 mg/L). This may be due to the higher
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velocities recorded from Memorial Creek (Site LMT4). The data collected at Site LMT4
indicates erosion is not a significant problem.

During 1995 this drainage contributed 6,610 acre-feet of water into Silver Creek. This water
transported 2.60 tons of total phosphorus, 182.3 tons of suspended solids, 2.23 tons of dissolved
phosphorus, and 19.1 tons of total nitrogen. The phosphorus export coefficient (Ibs/acre) from
Site LMT4 was significantly higher than Site LMT3 but significantly lower than the other
monitoring sites on Silver Creek (Table 6). The dissolved phosphorus export coefficient of 0.32
Ibs/acre was relatively high in comparison to
the other sites (Table 6). Most of the loadings

occurred during the spring snowmelt and rains, Seasonsl Total Posphorus Loadingsfo Site LT
which is when the higher phosphorus
concentrations were observed (Figure 9). There e

percentage of dissolved phosphorus (79%).
This was also confirmed by the lower
suspended solids export coefficient calculated
from the total loadings (26.26 lbs/acre). Figure 9

was a very significant relationship exhibited :
between total dissolved phosphorus and total e
phosphorus samples collected from Site LMT4 d
(R*=0.87) which is indicative of the high '

The different forms of nitrogen at Site LMT4

had higher export coefficients than at any of the other Silver Creek monitoring sites excluding
Site LMT2 (Table 6). Site LMT4 nitrogen export coefficients were significantly larger than for
Sites LMT3, 5, and 6. This essentially means that the Site LMT4 subwatershed has problems
with nutrients but no existing problems

with sediment.

N

Site LMT3 Water Quality

N

Site LMT3 is a small unnamed tributary \\- RIZAN
that drains from the northwest of Madison, \l - \
SD. Site LMT3 was located on Olive =
Street in the extreme northwest part of the =
city of Madison and was not influenced by — . A
any runoff from the city’s storm sewers. 1\
This tributary also merges with Memorial
Creek approximately 2 mile downstream ‘ ‘—@{{

from where Site LMT3 was located

(Figure 10). The landuse characteristics of . : -
this subwatershed were primarily intensive [vers | | Sowgn T :

small grain. There was a partial grassed -
waterway near the center of a field which

served as the primary drainage area for this  Fjgure 10. Location of Site LMT3.
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small tributary. According to the Agricultural
Nonpoint Source computer model, the drainage

area above this monitoring site amounted to Scasonal Hydrologic Loadiogs for ite LT3
approximately 1400 acres. A total of 426 acre- o

feet of water were discharged through LMT3

during the course of 1995. However, some e S
difficulty was experienced with the monitoring S

device and average daily stages were not
calculated from March 15 through May 8.
Daily discharge estimates were calculated by
averaging the instantaneous  discharge
measurements that were collected during this
period. Figure 11.

n%

As with the other sites, the majority of the
hydrologic loadings occurred during spring. For Site LMT3, 72% of the total water discharged
during 1995 occurred during the spring (Figure 11). The majority of the sediment and nutrient
loadings were also discharged during the spring.

Site LMT3 exhibited relatively low concentrations of phosphorus, suspended solids, fecal
coliform, and nitrogen compared to monitoring sites along Silver and Memorial Creek. The
suspended solids (TSS) mean was significantly lower than the other sites at 9 mg/L. Also, after
conducting a regression analysis on TP and TSS concentrations, there was no significant
relationship between these two parameters. TSS ranged from a minimum of 2 mg/L to a
maximum of 24 mg/L (Table 7). The mean concentration for TP at Site LMT3 was 0.164 mg/L
and the mean for dissolved phosphorus (TDP) was 0.144 mg/L (Table 7). TP concentrations
were significantly lower during the sampling year than at any of the other sites. However, the
dissolved phosphorus concentrations were well within the middle of the range of the other sites
(Table 7). When regression analysis was conducted, a strong relationship was shown to exist
between TP and TDP (R? =0.96, df=11,n=12). The principal chemical species of total
phosphorus was primarily dissolved phosphorus, which constituted 84% of the total phosphorus.
The dissolved phosphorus was consistently present in higher amounts relative to the total
phosphorus concentrations. With higher suspended solids concentrations higher particulate
phosphorus concentrations do occur. Since suspended solids at Site LMT3 were so low, the
dissolved phosphorus fraction became the predominate form.

The mean concentrations for the nitrogen forms were all consistently lower than at any of the
other sites. Mean nitrate-+nitrite concentrations for LMT3 were 0.473 mg/L although the median
was 0.1 mg/L. Nitrates ranged from 0.1 to 1.4 mg/L, respectively. Nitrate-+nitrites exceeded 1.0
mg/L on four occasions during 1995. However, three of these observations occurred early in the
spring runoff. The remaining observation occurred on June 28 when a fecal coliform
concentration of 2,000 coliform per ml was also recorded. High coliform levels also occurred at
all other monitoring sites sampled on June 28. This was caused by a rainfall event that was large
enough to have caused material previously retained on the surface of the land or within the
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streambed to have been transported downstream. The mean fec;al coliform concentration was
243, but the median concentration was 15 colonies per 100 ml for Site LMT3.

Other parameters, such as alkalinity, dissolved oxygen, pH, and dissolved solids, did not indicate
any other water quality problems in this small 1400-acre subwatershed (Table 7).

The 1995 phosphorus loading data exhibited an export coefficient of 0.09 Ib/acre TP. This was
minor in comparison to other sections of the watershed where 1.0 Ib/acre TP was exceeded. A
total of 121 pounds of phosphorus was discharged into Memorial Creek from Site LMT3 during
the 1995 sampling year. Total dissolved phosphorus loadings totaled 112 pounds for a dissolved
phosphorus coefficient of 0.08 Ib/acre. This was very low in comparison to the other monitoring
sites in Table 6. Suspended solids and total nitrogen export coefficients were 6.35 Ib/acre and
0.82 Ib/acre, respectively. These export coefficients were also low.

Sites LMT1 and LMT2 Water Quality

Site LMT1 and LMT2, the final two tributary sites, were located furthest upstream of Lake
Madison (Figure 12). Site LMT1 is located on the outlet of Lake Herman which is the primary
source of Silver Creek. The water for Lake Herman is derived from the 44,000-acre watershed
previously identified in Figure 1. A stage monitor was placed in the outlet of Lake Herman to
monitor the total discharge from the lake and derive pollutant loadings for Silver Creek. Please
refer to the Phase III Final Report for any further details concerning the locations of possible
nonpoint sources in the Lake Herman Watershed. Site LMT2 is located approximately 1 mile
downstream of the Lake Herman outlet (LMT1) at a box culvert on Highway 34 just prior to
Silver Creek entering the city limits of Madison, SD (Figure 12).

The mean total phosphorus concentration

at LMT1 during 1995 was 0.265 mg/L T
whereas downstream Site LMT2 exhibited TN
a higher mean of 0.312 mg/L. Figure 14 1-F
on page 27 shows the range of phosphorus \L A
concentrations for all of the Silver Creek : \
Sites between Lake Herman and Lake .
Madison. As can be seen, Sites LMT2, 4, ST VY.

LMT3

5, and LMT6 were not significantly — .‘r_ww—TTl
different during 1995.  Site LMTI e
exhibited higher phosphorus -
concentrations during spring whereas Site N
LMT2 did not show any particular v 4T, 2T~
seasonal trend. @ The maximum total E‘ I o -
phosphorus concentration for Site LMT1 [oaere ] [somr

was 0.321 mg/L and the minimum

~E

ot

Brant
Laks

concentration was 0.059 mg/L. The
maximum and minimum concentrations  Figure 12. Location of Site LMT1 and LMT2

were observed from samples collected on
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March 27 and April 3, respectively. A total of 4 samples of the first 5 samples collected during
the spring runoff were greater than 0.3 mg/L. In comparison, Site LMT2 phosphorus
concentrations ranged from a minimum concentration of 0.157 mg/L to a maximum
concentration of 0.403 mg/L from samples collected on June 5 and March 14, 1995, respectively.
The maximum concentrations for Sitt LMT2 may have been due to fertilizer application or
improper manure management and heavy runoff.

The mean concentration for dissolved phosphorus was significantly higher at Site LMT2 (mean =
0.132 mg/L) in comparison to Sitt LMT1 (mean = 0.106 mg/L). In fact, the minimum
concentration 0.040 mg/L for Site LMT1 occurred on March 14, 1995, which was the same date
when the maximum concentration of 0.216 mg/L was observed from Site LMT2. Concentrations
for both Site LMT1 and LMT?2 declined during the spring due to dilution from the spring runoff.
After the spring runoff in June concentrations increased to >0.100 mg/L for all of the remaining
samples. :

The average total phosphorus concentration from Site LMT1 consisted of 40% dissolved and
60% particulate. There was essentially no difference in the fraction of dissolved phosphorus
between Sites LMT1 and LMT2.

Concentrations of suspended solids ranged from 2 mg/L to 70 mg/L for Site LMTIL.
Downstream, Site LMT2 ranged from 4 mg/L to 80 mg/L. The mean concentrations were 28
mg/L and 35 mg/L for Sitte LMT1 and LMT2, respectively (Table 7). Seasonally, the
concentrations for both of these sites gradually increased through early spring and peaked during
April. The maximum concentrations for both sites occurred on April 24, 1995. After this date
the concentrations decreased. However, at Site LMT2 on June 28, 1995 the suspended solids
concentrations increased to 72 mg/L. There was a decrease in dissolved oxygen to 3.9 mg/L and
an increase in nutrient concentrations on this date as well. In addition, Site LMT2 fecal
coliforms increased to 3,100 colonies per 100 ml, which is a large increase considering that
before this date the mean fecal coliform count was 19 colonies per 100ml. This increase in
solids, nutrients, and fecal coliform indicate an input of some type of animal waste into Silver
Creek.

Total phosphorus and suspended solids concentrations can be related during periods when there
is heavy runoff occurring. However, a regression analysis indicated an insignificant relationship
between these two water quality parameters. The R* values in a regression analysis range from 0
to 1. An R? value of 1 would indicate that all of the variability within the total phosphorus
concentrations is due to the suspended solids concentrations. The R* values were 0.02 and 0.002,
respectively (d.f. = 11, n=12) for Site LMT1 and LMT2. During the spring of the year the total
phosphorus concentrations increased with increasing concentrations of suspended solids. The
concentrations were not related or a trend was not detected during the remaining part of the
sampling year.

The mean concentration of fecal coliform bacteria was 25 colonies per 100ml. There was a slight

increase in the number of fecal colonies to a maximum of 130 colonies per 100 ml during the
summer but this was the only instance of an increase above the mean. In fact, the median
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concentration was 10 colonies per 100 ml (Table 7, page 29). In contrast, the Site LMT2 fecal
coliform mean was 389 per 100 ml. The maximum value at LMT?2 for fecal coliform colonies
was 3100 per 100 ml. Site LMT2 exhibited lower fecal counts during the spring samples,
ranging between 10 and 50 fecal colonies per 100 ml. Large increases occurred during the
months of June and August (3100 per 100 ml).

The mean concentration of nitrates for Site LMT1 and LMT2 was 0.18 mg/L and 0.92 mg/L,
respectively. Site LMT1 was consistently below 0.3 mg/L whereas Site LMT2 exhibited
periodic spikes >0.90 mg/L throughout the sampling year. In fact, Site LMT2 exhibited the
highest concentration for Sites LMT1-LMT6 at 3.4 mg/L (Table 7, page 29). During that
sampling event, there was only a slight increase in the other parameters such as fecal coliforms,
which increased to only 30 fecal colonies per 100 ml. That sample was collected during spring
runoff on March 27, 1995 when nitrates+nitrites mixed with snow and residual vegetation left
from the previous year were discharged into Silver Creek in addition to remnant manure from
livestock operations.

Ammonia was slightly higher at Site LMT2 compared to Site LMT1. Site LMT1 ranged from
0.02 mg/L to 0.23 mg/L with a mean of 0.07 mg/L. Site LMT2 ranged from 0.02 mg/L to 1.22
mg/L with a mean of 0.18 mg/L (Table 7, page 29). The maximum concentration at Site LMT2
(1.22 mg/L) occurred on March 14, 1995 which was probably the result of a first flush. After
this maximum concentration, the remaining samples collected in 1995 ranged from 0.02 mg/L to
0.3 mg/L. This same phenomenon occurred at Site LMT1 which exhibited a maximum
concentration of 0.23 mg/L on March 14. This is probably an indication of a buildup of
ammonia in the lake during late winter or prior to spring runoff before a major discharge event
occurred.

Total nitrogen concentrations were significantly higher at Site LMT2 when compared to LMT1,
2.79 mg/L vs. 1.83 mg/L (Table 7, page 29). The larger nitrogen concentrations at Site LMT2
from the parameters described above were the primary reason for the higher mean concentration.
Site LMT?2 exhibited the second highest mean total nitrogen concentrations for all (11) of the
tributary sites. The highest mean concentration was 3.51 mg/L observed at Site LMT7 which
will be discussed later. This particular parameter was also significantly higher at Site LMT2
when compared to LMT1 (Table 7).

The remaining parameters did not exhibit any extreme values or significant differences between
Site LMT1 and Site LMT2. Table 7 on page 29 shows the minimum, maximum, mean, median,
and standard deviation for each parameter collected from Sites LMT1 through LMT®6.

From March 15 to October 31, 1995, Lake Herman discharged 19,677 acre-feet of water into
Silver Creek. That amount of water also transported 6.5 tons of total phosphorus and 1,063 tons
of suspended solids. The spring runoff exhibited the highest rate of water discharge, which
occurred during the months March - May 31. Suspended solids loadings increased from 1,063
tons at Site LMT1 to 1,269 tons of suspended solids loadings at Site LMT2. This represents an
increase of 19%. Total phosphorus (TP) loadings increased from site LMT1 (6.5 tons — TP; 2.3
tons-TDP) to site LMT2 (7.8 tons — TP; 3.0 tons - TDP) (Table 6, page 28). The percentage
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increase in hydrologic loading was 5 % but the increase in nutrients (total phosphorus, total
dissolved phosphorus, and total nitrogen) was 17%, 22%, and 53%, respectively. This represents
a significantly large nutrient input between LMT1 and LMT2. The fecal coliform mean counts
were also higher at LMT2 than at LMT1.

Export coefficients were calculated through the use of total loadings discharged from a site
divided by the surface area (subwatershed) that this particular site drains. For example, Site
LMT?2 drains 1,720 acres in addition to the watershed area drained through the outlet of Lake
Herman (44,000 acres). To determine the phosphorus export coefficient for the 1,720 acres, the
total phosphorus loadings discharged from Site LMT2 was subtracted from Site LMT1 (15,689 —
13,029 = 2,660 1bs) (Table 6). The increase of 2,660 Ibs of phosphorus was then divided by the
1,720 acres located between Site LMT1 and LMT2. The phosphorus export coefficient for this
1,720 acre (Site LMT2) would be 1.55 Ibs of total phosphorus/acre. All the nutrient export
coefficients from Site LMT2 are significantly higher than the remaining 6 sites within the Silver
Creek drainage (Table 6). The suspended solids export coefficients for Site LMT2 were also
very high in comparison to Sites LMT2 - LMT6 at 240.5 lbs of TSS/acre.

SITE BY SITE COMPARISONS (LMT1-LMT6)

Sites LMT3 and LMT4 exhibited the highest percentages of dissolved phosphorus as part of
total phosphorus at 84% and 79%, respectively (Table 7). The remaining four sites did not have
their total dissolved phosphorus values exceed 50% of total phosphorus concentrations. In
addition, no significant relationships were found to exist between total suspended solids and total
phosphorus. This indicates that the total phosphorus concentrations are derived from sources
other than sediment-based phosphorus.

Sites LMT2, LMT3, and LMT4 did not measure the contribution to the total nutrient and
sediment loadings by the city storm sewers. However, in the data discussed later in this report,
in the urban water quality sections, the nutrient, sediment and fecal coliform bacteria
concentrations were very high. Total phosphorus concentrations exceeded 1.0 mg/L in many-
instances. Site LMTS5, located approximately 1 mile southeast of the city of Madison,
downstream of the wastewater treatment facility, did indicate significant increases in phosphorus
and sediment export coefficients between the three upstream sites and Site LMTS.

The maximum concentration of TP (0.528 mg/L) was collected at Site LMT4 (Memorial Creek).
The highest concentrations of total phosphorus occurred during the snowmelt runoff in March.
Seasonal comparison of loadings also indicated that most of the loadings occurred during the
spring months. However, this was primarily due to the larger amounts of water that were
discharged during at this time period (March-May). Site LMT4 exhibited the highest mean
concentration of total phosphorus although Figure 14 shows no significant differences between
Sites LMT2, 4, 5, and 6. Site LMT6 exhibited the highest median concentration between the six
sites (Figure 14 and Table 7). Although the highest percentage of total dissolved phosphorus
was exhibited by Site LMT3 (84%), the concentration levels of total phosphorus were
significantly lower than the other sites (Table 7). In contrast, the total dissolved phosphorus
concentrations from Site LMT3 were not significantly different from any of the other sites except

25



Site LMT4 which was significantly higher than all of the sites. There was a significant increase
in total dissolved phosphorus between Site LMT1 and LMT2 that also corresponds to the
increase in nitrates-nitrites and fecal coliforms that occurred as well.

Total suspended solids were not a problem for the Site LMT4 subwatershed. Nutrient (nitrates
and total dissolved phosphorus) and fecal coliform concentrations were significantly different
from the remaining sites. Animal waste may only be part of the problem. AGNPS analysis will
provide a better picture of the contents of the subwatershed. Nutrient or fertilizer management
may also be a good idea for this watershed.

The largest phosphorus export coefficients were calculated from the data collected at Site LMT2
and LMTS5 as described above. The large dissolved phosphorus export coefficients were
calculated from the data collected at Site LMT2 and LMT4. Export coefficients for the rest of
the investigated parameters can be found in Table 6.
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Table 6. TOTAL LOADINGS FOR ALL SITES BROKEN INTO SEASONAL AND TOTAL LOADINGS

LAKE MADISON/BRANT 314
1994-1996
SITE Watershed WATER TALKAL TSOL TDSOL TSSOL AMMO UN-AMM NO3+2 TKN-N  OrgNitro TotNitro TPO4P TDPO4P
acres  acre-feet Ibs/year lbs/year lbs/year Lbs/year Ibs/year lbs/year  Ibslyear  lbs/year Ibs/year  lbs/year  lbs/year lbs/year
[LMT1 19677.48 7927131.83]  63902956.14f  61790517.18 2125037.68] 2667.68 42020] 11839.23] 76748.77] 170146.23] 83472.82| 13029.14]  4599.70
LMT2 1720 20610.48 8685747.99] 67866876.61] 65347759.36 2538691.40] 4281.30 291.46| 38288.85| 89202.17| 84627.26] 127719.39 15689.29]  5909.85
LMT3 1400 425.85 227869.33 1796227.67 1787380.64 8891.58f  23.17 0.78 321.63 822.12 79895 114397 121.19 111.98
LMT4 15280 6610.07 3001371.17}  21644417.601 21279893.25|  364524.35 417.73 11.24] 19483.68f 18753.37| 18335.63] 38117.30f 5192.37] 4466.72]
LMT5 20480| 29463.54]  12593249.49| 98420054.46] 94762080.13| 3657974.33] 4085.32 307.95] 56000.89] 96699.30] 92613.98 152700.19] 23953.83] 11335.09
LMT6 25480, 30334.96] 12811513.27] 99473779.82]  94436132.55| 5037647.27) 3597.44 293.67] 52735.78] 107179.74] 103520.22 160194.87| 23350.93] 9670.52
Export Coeffcients
Site Watershed[WATER TALKAL TSOL TDSOL TSSOL AMMO |UN-AMM | NO3+2 [TKN-N |Org Nitro {Tot Nitro |TPO4P |TDPO4P
acres  |feet Ibs/ac/yr Ibs/ac/yr lbs/ac/yr Lbs/ac/yr Ibs/ac/yr |lbsfac/yr  |lbs/ac/yr  |lbsfac/yr |lbs/ac/yr  |Ibs/ac/yr |lbsf/ac/yr (lbs/ac/yr
LMT2 1720 0.54 441.06 2304.60 2068.16) 240.50 0.94 -0.07 15.38 7.24 8.42 25.72 1.55 0.76)
LMT3 1400 0.30 162.76 1283.02 1276.70 6.35 0.02 0.00 0.23 0.59 0.57 0.82 0.09 0.08
LMT4 13880, 0.48 216.24 1559.40) 1533.13 26.26 0.03 0.00 1.40 1.35 1.32 2,75 0.37 0.32
LMTS 3480 0.52 194.90 2043.83 1823.86] 214.33 -0.18 0.00 -0.60 -3.47 -3.20 -4.10] 0.85 0.24
LMT6 5000 0.17 43.65 210.75 -65.19 27593 -0.10 0.00 -0.65 2.10 2.18 1.50 -0.12 -0.33
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Table 7. Descriptive statistics for selected physical and chemical parameters collected from six tributary monitoring sites on Silver
Creek, 1995.

WTEMP ATEMP DO FPH FECAL TALK TS TDS TSS AMM UN-AMM  NO3+2 TKN Or-Nit T-Nit TPO4P TDPO4P
Units - °C °F mg/L su  perl00ml  mg/L mg/L mg/L mg/. mg/lL. mg/L mg/L mg/L mg/L mg/L mg/L mg/L

LMT1 mean 103 56.9] 10.6 8.86 25 140 1076 1048 28 0.07 0.0072 0.18 1.65 1.58 1.83 0.265 0.106]
median 6.0 52.0] 104 8.90 10 150 1159, 1136 28 0.02 0.0037 0.20 1.85 1.83 1.95 0.296 0.092]
maximum 25.0 82.0] 158 9.16 130 163 1327 1291 70 0.23 0.0196, 0.30 242 2.40 2.52 0.321 0.175
minimum 1.5 32.0 5.9 8.40 10 25 142 140 2 0.02 0.0014 0.10 0.56 0.33 0.76 0.059] 0.040

StDev 8.4 16.6 3.1 0.28 37 39 324 315 17 0.07 0.0059 0.08 0.59 0.62 0.57 0.080 0.052
LMT2 mean 9.8 55.3 9.1 8.52 389 -158 1166 1130 35 0.18 0.0047 0.92 1.87 1.69 2.79 0312 0.132
median 6.0 51.0 9.8 8.66 20 158 1198 1176 34 0.02 0.0034 0.50 1.84 1.64 248 0.318 0.151
maximum 24.0 79.0) 122 9.12 3100 171 1353 1281 80 1.22 0.0133 3.40 2.75 2.28 5.78 0.403 0.216]
minimum 1.0 36.0 39 7.91 10 139 826 817 4 0.02 0.0008 0.20 0.92 0.90 1.32 0.157 0.052

StDev 8.2 16.7 2.5 0.43 972 11 153 142 26 0.35 0.0043 0.93 0.47 0.37 1.23 0.064 0.061

LMT3 mean 9.7 55.5 8.7 7.88 243 184 1536 1527 9 0.02 0.0004 0.47 0.87 0.85 1.34 0.164 0.144
median 7.0 51.0 8.6 7.86 15 179 1682 1679 7 0.02 0.0002 0.10 0.85 0.83 0.97 0.155 0.125
maximum 24.0 86.0] 134 8.38 2000, 264 2069 2067 24 0.02 0.0011 1.40 1.45 1.43 2.55 0.420 0.351
minimum 2.0 34.0 44 747 10 109 994 977 2 0.02 0.0001 0.10 0.22 0.20 0.32 0.052 0.069

StDev 7.9 17.3 2.8 0.25 623 56 340 342 7 0.00 0.0003 0.53 0.35 0.35 0.78 0.100 0.082]
LMT4 mean 9.8 54.8 8.8 7.98 574 163 1181 1159 22 0.06 0.0007 1.15 1.35 1.30 2.50 0.322 0.255]
median 7.0 52.0 8.7 7.98 165 153 1150 1133 17 0.02 0.0004 0.80 1.35 1.33 1.94 0.312 0.246
maximum 235 82.0 11.6 8.20 3900 232 1607 1531 76 0.39 0.0023 2.80 248 2.09 4.42 0.528 0.414]
minimum 1.0 33.0 5.1 7.70 10 90 693 686 6 0.02 0.0001 0.10 0.31 0.29 1.11 0.128] 0.089)

StDev 7.7 16.4 2.0 0.15 1192 40 272 265 20 0.11 0.0007 0.90 0.54 0.47 1.14 0.115 0.099]

LMT5 mean 10.6 55.9 9.7 8.37 452 154 1156 1117 39 0.10 0.0030 0.90 1.53 1.43 243 0310 0.150
median 8.5 56.0 104 8.34 15 156 1182 1147 35 0.03 0.0019 0.50 1.58 1.55 2.08 0.321 0.134
maximum 23.5 85.0 122 8.95 2600, 169 1379, 1319 72 0.58 0.0075 2.80 2.45 2.04 4.50 0.402 0.253
minimum 1.0 22.0 6.2 7.83 10 130 800 790 7 0.02 0.0007 0.20 0.59 0.57 0.99 0.167 0.075

StDev 7.7 21.0 2.0 0.32 821 11 164 149 21 0.16 0.0027 0.76 0.50 0.41 1.00 0.074 0.060)

LMT6 mean 10.6 59.0; 10.1 8.38 663 164 1210 1146 64 0.09 0.0032 0.87 1.58 1.49 2.46 0.309 0.134]
median 8.5 62.0f 109 8.37 120 164 1223 1155 68 0.04 0.0016 0.50 1.59 1.53 2.18 0.328 0.128
maximum 24.0 88.0] 12.8 8.84 4200 177 1449 1346 106, 0.53 0.0099 2.80 2.25 1.93 4.39 0.397 0.214
minimum 1.0 34.0 6.6 8.06 10 146 902 858 5 0.02 0.0008 0.20 1.01 0.99 1.41 0.171 0.052

StDev 8.5 19.8 2.1 0.23 1345 8 166 144 33 0.15 0.0034 0.77 0.36 0.30 0.88 0.070 0.056




LMT7 Water Quality

LM7 is a smaller separate tributary,
draining directly into Lake Madison and q
originating in the northeastern part of the NE )
Lake Madison watershed (Figure 15). N
The subwatershed is approximately 1,920
acres (777 ha) and the landuse comprised .
primarily of pasture and small grain. %4

LMT3 " ‘ _-’.XTF-J —

LMT1 : ~

This small unnamed tributary drains a A €5 A 25
relatively small subwatershed and drains ;
rather quickly during thunderstorms. ( \ AN
This tributary does not run for any great ﬁ @ — .
length of time and provides its loadings | [Bourne 1\
to the lake within a very short duration, [uame] [sorm

as is evident in the wide range of
concentrations observed from this site.
However, the data from Site LMT7 is Figure 15. Location of Site LMT7.

somewhat skewed due to a single

sampling event that occurred on April 18,

1995. A flushing event apparently occurred shortly before sampling and the maximum
concentration of 936 mg/L for suspended solids was collected. A high total phosphorus
concentration (1.26 mg/L) was also observed for this date although the total phosphorus mean for
Site LMT7 (Table 9) was not as large as most of the Silver Creek monitoring stations discussed
previously.
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On April 18, 1995, the maximum suspended solids concentration was collected from Site LMT7.
Concentration reached a maximum of 936 mg/L which is far in excess of the limit allowed in the
South Dakota water quality standards. Nitrates/nitrites (NOs,,) and phosphates exhibited high
concentrations on this date as well, indicating a possible rainfall event carrying a relatively large
load of nutrients and sediment into Lake Madison. Only 14% of the total phosphorus was
comprised of non-particulate or dissolved phosphorus. A major percentage of phosphorus
sampled on 4/18/95 was attached to sediment particles and not immediately available for algal or
plant uptake. There were extremely high nitrate-nitrite concentrations found at this site during
the entire sampling period. AGNPS identified seven critical cells within this subwatershed with
sediment nitrogen > 9.8 lbs/acre. Heavy fertilization together with organic nitrogen found within
a small wetland near this site may have contributed to the increased levels of nitrate-+nitrite.
Dissolved oxygen and pH values from all samples did not reflect problems associated with
suspended solids or nitrate+nitrite concentrations.” Ammonia was relatively low and only
increased slightly on April 18 when the 936 mg/L of suspended solids was observed.

The total phosphorus (TP) mean of 0.255 mg/L was skewed due to the one sampling event in
which the TP concentration reached 1.26 mg/L as discussed in the previous paragraph. The
median, which is the middle value in a series of numbers, was significantly smaller at
0.141mg/L. The TP median value from LMT7 was the lowest observed for any of the tributary
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sites (LMT1-BLT11) (Table 9). A regression analysis was conducted between total phosphorus
and total suspended solids revealing a very strong relationship (R? = 0.92, df=11 ). However,
this relationship is skewed due to the one observation on April 18 that exhibited excessive
concentrations of TSS and TP. Other observations were made during 1995 where TP
concentrations exceeded 0.200 mg/L. However, 6 of the 12 samples collected during 1995 were
<0.200 mg/L.

The total dissolved phosphorus (TDP) mean of 0.120 mg/L was little effected by the excessive
concentration of TP. However, the TDP concentration of 0.174 mg/L for this date was the
second highest value observed during the monitoring period. The median (0.104 mg/L) was only
slightly less than the mean. A TDP maximum concentration of 0.259 mg/L was observed with a
TP concentration of 0.295 mg/L and a maximum value for nitrates (3.6 mg/L). A regression
analysis was also conducted between TDP and TP concentrations to determine if these two
parameters were closely linked during a major runoff period in this small subwatershed: The
analysis indicated only a slight relationship (R*> = 0.20, df = 11). The average dissolved
phosphorus fraction constituted 76% of the total phosphorus concentration.

Nitrates (NO;,,) exceeded 2.0 mg/L in 8 of 12 samples collected at LMT7. The mean was 2.28
mg/L in comparison to the next highest mean at Site LMT4 which reached 1.15 mg/L. Although
higher concentrations occurred during the months of March and April, nitrates were consistently
higher here than at any other site during the sampling year. A source of nitrates could be the
small wetland located near the sampling site. Fertilizers and feedlot wastes can also be major
sources, the former depending on fertilizer application rates. Despite the high concentration of
nitrates, ammonia (NH,") levels were quite low (Table 9). In fact, out of the 11 tributary sites
monitored, Site LMT7 had the third lowest concentrations observed during the project.

Dissolved oxygen concentrations for Site LMT7 exceeded 10 mg/L in all samples collected
during March and April. As the season moved into June, increasing the water temperature, the
dissolved oxygen concentration dropped, reaching a low of 4.3 mg/L on August 8. The water
temperature during August sampling was 23.5°C. As water temperature increases, the ability of
water to hold oxygen becomes less. The presence of decomposing organic material, reduced
flow, and higher temperatures on August 8, contributed lower dissolved oxygen concentrations.

Other parameters such as alkalinity, pH, and dissolved solids did not exhibit any unusual values
outside the expected range.

AGNPS data did not indicate that this subwatershed was a major contributor of nutrients to the
lake. AGNPS did indicate that, due to the relatively steep slope (7-18%) and the generally sparse
vegetative cover (C-factors = 0.09-0.35), this subwatershed and some acreage within an adjacent
subwatershed should be converted to a high residue management system or to rangeland, due to
the high sediment deliverability rate.

Fecal coliform concentrations did not indicate the presence of livestock until the last two samples
of 1995. Counts of 590 and 1000 fecal coliform per 100 ml were obtained from those samples.
Placement of cattle in a small pasture upstream of Site LMT?7 for fall grazing may have been the
cause of those higher values. The mean concentration of fecal coliforms at this site was 217
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colonies per 100 ml. This mean concentration was significantly less than Sites LMT2-LMTE6.
However, the 217 colonies per 100 ml was larger than the individual mean concentrations
recorded for Sites BLT8-BLT11 (Table 9).

Nutrient and sediment loadings were calculated based on the water quality samples collected
during 1995. AGNPS calculated that the subwatershed for Site LMT7 constituted only 5.8% of
the total watershed area (44,000 acres). However, it did comprise 8.4% of the total estimated
sediment loading for a 25-year storm event. The nutrient and sediment export coefficients for
LMT?7 were 165.68 lbs/ac/yr for suspended solids, 3.82 lbs/ac/yr for total nitrogen, and 0.34
Ibs/ac/yr for total phosphorus (Table 8). The suspended solids export coefficient was relatively
high, although there were higher suspended solids coefficients observed from sites LMT2, 5, 6.
LMT7 did have a higher export coefficient than sites BLT8 through BLT11. One item that must
be considered when comparing suspended solids coefficients is that BLT8, BLT9, and BLT11
are monitoring sites located at the outlets of Lake Madison, Round Lake, and Brant :Lake,
respectively. These lakes can act as retention devices or sediment sinks, reducing the amount of
sediment that is discharged into receiving waters downstream. Site BLT 10, which is a
sampling station in a subwatershed of similar size draining into Brant Lake, had a significantly
smaller suspended solids coefficient than LMT7.

Nutrient export coefficients for subwatershed LMT7 were comparable to BLT10, LMT3 and
LMT4. LMT7 had a relatively high total nitrogen export coefficient of 3.82 lbs/ac/yr whereas
BLT10, which is a watershed of similar size but drains into Brant Lake, had a significantly lower
coefficient of 1.51 Ibs/ac/yr. The high nitrogen export coefficient for LMT7 was due to the
consistently high concentrations of nitrates that were observed at this site throughout the entire
1995 sampling year.

After calculating the overall discharge from the monitoring that took place during 1995-96, the
total amount of water discharged into Lake Madison from this site was estimated at 842 acre-
feet. This amount of water carried 644 Ibs of phosphorus into Lake Madison. The total
phosphorus export coefficient for LMT7 was not significantly different from a subwatershed of
similar size, i.e. LMT7 = 0.34 lbs/acre/yr and BLT10 = 0.35 lbs/acre/yr were not significantly
different. In comparison to other subwatersheds within the Lake Madison watershed, this is the
lowest phosphorus export per unit area, excluding LMT3, for the project.

BLTS - BLT9 Water Quality

These sites were located on the outlet of Lake Madison and Round Lake (Figure 16). They were
used to determine the hydrologic, sediment and nutrient budget for each of the lakes. The
subwatershed size for BLTS includes all the subwatersheds previously described from the outlet
of Lake Herman (Site LMT1) to the outlet of Lake Madison (BLT 8). The total area according to
AGNPS computer programs is 36,120 acres (14,617.8 ha).
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Site BLT8 should be different, T
comparatively speaking, due to the S
location on the outlet of Lake Madison. T
The water quality from the outlet of Lake d . A\ \
Madison is not only determined by how N~ \
much material was deposited in the lake
but also by the amount of this material s
that was used in the biological processes .
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Lak§ Mafhson a?t§ as a .sedlment and Figure 16. Location of Site BLTS.

nutrient sink retaining a high percentage

of the nutrients and sediment discharged

into its basin. The outlet water quality is a function of what has been discharged into the lake
BLT8 was monitored for the same period of time as the other sites previously discussed. No
point sources are located within the area of the outlet that may have potentially affected the water
quality or loading data. The regression analysis conducted between the instantaneous discharge
and stage was very good (R? = 0.97, n=27, df=26).

As discussed above, the water quality data for the outlet of Lake Madison is a reflection of the
water quality of the lake. Fecal coliform at the outlet did not exceed 50 colonies/100ml during
the course of the investigation. However, there were several samples that exhibited
concentrations ranging between 10 fecal colonies/100 ml to 50 fecal colonies/100ml which may
have been due to the presence waterfowl. A comparison with the nearest inlake Site LM3 did not
indicate any problems with fecal coliform. The mean coliform concentration for Site BLT8 of 20
colonies/100ml was lower than any other site (Tables 6-7).

The suspended solids (TSS) concentrations at Site BLT8, were relatively low as well (11 mg/L).
The lowest mean TSS concentrations was exhibited by site LMT3 (9 mg/L). However, BLT8
exhibited the next lowest mean for this variable. The median was actually lower at 8 mg/L.
There was an increase in the suspended solids concentrations during the month of April. These
increased concentrations may have been due to the high rate of flows that occurred during the
spring runoff that transported more material in the water. Some of the incoming solids remained
suspended to be discharged from the lake. Site LMT6, which is the largest source of water,
sediment, and nutrients to Lake Madison, exhibited much higher concentrations in April as well.

Ammonia concentrations were consistently higher at Site BLT8. The mean ammonia
concentration was 0.27 mg/L which was the highest mean for all of the tributary sites. This was
greatly influenced by the water quality from Lake Madison, as ammonia levels at all three inlake
monitoring sites from Lake Madison ranged from 0.23 to 0.30 mg/L. Although ammonia was
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higher in concentration at this site, the higher levels occurred during the period of least runoff
(March, June-Oct). During summer and late fall, algal blooms reach maximum densities and
collapse. As algal cells decay, the breakdown products are released into the water column and
settle to the bottom or are discharged out of the lake. This continues throughout the winter
months and into March. When higher discharge rates occur, the ammonia is diluted and new
growth begins to take up nitrogen. During the spring turnover when most of the discharge
occurred, the concentrations dropped to 0.02 mg/L. The mean nitrate concentration was 0.18
mg/L. This was the smallest mean exhibited by any of the tributary monitoring sites. Nitrate
samples did not exceed 0.4 mg/L (Table 9).

Concentrations of phosphorus found at Site LMT8 are greatly effected by the settling rate of
inlake phosphorus and how much is used by for plant and animal biomass. The lake acts as a
sediment and phosphorus sink retaining material that is transported from the upstream sites.
Although the mean total phosphorus concentration decreased between Site LMT6 (0.309 mg/L)
and Site LMTS8 (0.202 mg/L), a similar reduction in dissolved phosphorus did not occur (LMT6
= 0.134 mg/L, BLT8 = 0.133 mg/L). In the early spring and fall, dissolved phosphorus
concentrations are actually greater at the outlet site than at the inlet site. As the growing season
intensifies, the increase in biomass requires more dissolved phosphorus, i.e. the dissolved
phosphorus concentration becomes smaller at the outlet site than at the inlet site. During the late
growing season the outlet concentrations are slightly higher which may indicate that an algal
bloom had collapsed in the southeastern bay near the outlet of Lake Madison. As the algal
bloom was decomposed by bacteria, dissolved phosphorus was released and discharged. There
was also a slight drop in the dissolved oxygen level at this time. Through regression analysis, it
was also indicated that there was a relatively strong relationship between total phosphorus and
dissolved phosphorus concentrations during 1995 (R?= 0.73). In many cases during the early
spring and summer sampling year, there was a very high fraction of dissolved phosphorus.

The nutrient and sediment loadings discharged from Site BLT8 are dependent upon how much of
the nutrient and sediment material was retained by the lake. There was a substantial reduction in
the amount of total phosphorus and total nitrogen but there was a large increase in ammonia
loadings between LMT6 and BLT8. The lake is using some of the nitrates earlier in the season
as biomass increases, Site BLT8 ammonia is released during the subsequent breakdown of algae
and other vegetation and some of it then leaves the lake through the outlet.
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Table 8. TOTAL LOADINGS AND EXPORT COEFFICIENTS FOR SITES 7-11
LAKE MADISON/BRANT 314 1994-1996

Water TALKAL TSOL TDSOL TSSOL AMMON UN-AMM NO3+2 TKN-N Org-N Tot-N TPO4P TDPO4P
SITE ac-ft Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr Ibs/yr
LMT7 842.31| 584668.81] 4298382.12] 3978323.86] 318108.83 94.08 2.05] 4000.44] 3329.62| 3234.90f 732697 643.46 251.15
BLTS8 32748.53] 14294688.321 90537698.88] 89671033.15| 858245.24| 21892.01] 1590.98| 12847.09] 125159.11| 102879.75| 138023.04| 15358.34| 10399.65
BLT9 34207.47| 14971166.93| 97073551.04] 93063325.39| 3926639.23| 18869.99| 1210.03| 18105.33| 140401.88| 121752.68| 158396.82] 22040.89] 7151.44
BLT10 709.90| 510411.86| 2593728.58] 2481797.39| 111921.07 41.02 1.36] 1203.43 1527.95 1486.93 2726.11 630.77 454.47
BLT11 | 44282.67] 19622076.69] 119246010.01| 115374508.82| 3788739.05| 15696.38] 1339.99| 22312.42| 164055.63] 148267.29| 186735.88| 21066.99| 7349.88
Export Coefficients - Ibs/ac/yr I

Subwater-

SITE shed Acres TALKAL TSOL TDSOL TSSOL AMMON UN-AMM NO3+2 TKN-N Org-N Tot-N TPO4P TDPO4P
LMT7 1920 304.52 2238.74 2072.04 165.68 0.05 0.00 2.08 1.73 1.68 3.82 0.34 0.13
BLTS 36120 395.76 2506.58 2482.59 23.76 0.61 0.04 0.36 3.47 2.85 3.82 0.43 0.29
BLT9 38760 386.25 2504.48 2401.01 101.31 0.49 0.03 0.47 3.62 3.14 4.09 0.57 0.18
BLT10 1800 283.56 1440.96 1378.78 62.18 0.02 0.00 0.67 0.85 0.83 1.51 0.35 0.25
BLT11 44000 445.96 2710.14 2622.15 86.11 0.36 0.03 0.51 3.73 3.37 424 0.48 0.17
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Table 9. Descriptive Statistics for water quality parameters collected at sites LMT7-BLT11 for the Lake Madison/Brant diagnostic/feasibility study.

WTEMP ATEMP DO FPH FECAL TALK TS TDS TSS AMM UN-AMM NO3+3 TKN-N Or-Nit T-Nit TPO4P TDPO4P
Units ©C OF mg/l.  su perl00ml mg/L mg/L mg/L mg/l. mg/lL mg/L mg/lL mg/L mg/L mg/l mg/L mg/L

LMT7 mean 79 54.3] 1051 8.01 217 254] 2017| 1914} 103] 0.05[ 0.0007 2.28 1.24 1.19 3.52 0.255 0.120
median 4.0 51.00 11.0f 8.00 30f 286 2031 1914 9 - 0.02] 0.0005 2.25 1.21 115 3.29 0.141 0.104
maximum 23.5 84.0f 13.5] 825 1000] 315§ 2569] 2556] 936] 0.15| 0.0016 3.60 2.08 2.06 4.79 1.260 0.259
minimum 1.0 34.0 43| 7.82 10| 126 1433] 1087 31 0.02] 0.0001 0.70 0.63 0.61 222 0.052 0.052

StDev 8.6 ‘18.8 2.8 0.13 349 66{ 393 485 293] 0.05] 0.0005 0.92 0.50 0.49 0.86 0.363 0.069

BLT8 mean 9.1 51.1 9.2| 8.51 20f 178] 973 962 11} 0.27{ 0.0117 0.18 1.65 1.38 1.83 0.202 0.133
median 5.3 46.5) 10.1} 8.63 10 169] 936 925 8| 0.17) 0.0049 0.15 1.65 1.37 1.81 0.194 0.121
maximum 25.0 82.0 143} 9.09 501 221] 1206f 1198 29| 0.80] 0.0583 0.30 2.29 1.78 2.59 0.339 0.303
minimum 2.0 32.0 3.6 7.77 10| 151 860 856 4 0.02] 0.0010 0.10 1.20 0.89 1.30 0.112 0.023

StDev 74 17.0 3.2 046 14 250 113 117 8| 0.30[ 0.0181 0.09 0.38 0.32 0.45 0.068 0.094

BLT9 mean 85 49.6] 10.3] 8.62 26| 181} 974 936 38| 0.17} 0.0085 0.29 1.78 1.61 2.07 0.241 0.081
median 4.5 44,5 11.0f 8.60 10 173} 943 886 30 0.11] 0.0052 0.20 1.80 1.76 1.96 0.216 0.073
maximum 26.3 88.0] 134 9.22 100] 243] 1208 1144 98| 0.46] 0.0295 0.70 2.24 2.05 2.94 0.402 0.214
minimum 1.0 24.0 6.0 8.08 10| 147 844 826 16| 0.02] 0.0008 0.10 1.03 1.01 1.13 0.171 0.043

StDev 8.8 20.1 2.5 0.40 30 311 120 114 26| 0.17) 0.0098 0.23 0.35 0.36 0.52 0.074 0.051

BLT10 mean 7.9 53.5| 10.5] 8.16 96| 256| 1337 1293 44| 0.03] 0.0007 0.84 0.84 0.81 1.68 0.423 0.249
median 3.8 50.0] 109 8.19 75 254] 1404f 1388 16/ 0.02] 0.0006 0.95 0.88 0.86 1.57 0.281 0.230
maximum 245 91.0 132 839 320 340| 1654| 1646] 296 0.09] 0.0017 1.40 1.42 1.33 2.82 1.400 0.405
minimum 1.0 24.0 6.7 791 10 140] 691 680 7] 0.02] 0.0002 0.30 0.10 0.08 1.01 0.190 0.134

StDev 8.5 22.6 2.0{ 0.15 101 69| 283 318 89| 0.02] 0.0005 0.39 0.35 0.34 0.55 0.363 0.081

BLT11 mean 9.1 526 111} 8.72 11} 169] 898 869 29| 0.08, 0.0055 0.21 1.33 1.26 1.54 0.171 0.059
median 54 48.0] 11.7] 8.65 10] 163] 897 858 21| 0.03] 0.0030 0.15 1.35 1.31 1.58 0.150 0.064
maximum 26.5 84.0f 142 935 20{ 199 1153] 1088 88| 032 0.0238 0.40 2.06 2.04 2.16 0.350 0.117
minimum 2.0 21.0 7.4] 829 10 136] 606 597 71 0.02] 0.0011 0.10 0.69 0.61 0.79 0.105 0.023

StDev 83 22.0 23] 031 3 19] 146 134 27| 0.10] 0.0068 0.13 0.41 0.44 0.38 0.071 0.030




Table 8 shows the amount of material discharged from Lake Madison (BLT8). Although
this table shows the export coefficients from Site BLT8, coefficients for lake outlets such
as Lakes Herman (LMT1), Madison (BLT8) and Brant (BLT11) should not be compared
to coefficients calculated for tributaries sites such as LMT7 and BLT10 which have much
smaller subwatersheds and no impoundment structure retaining water. Comparisons are
invalid due to the nature of lakes acting as sediment and phosphorus sinks.

The total nitrogen and total phosphorus loadings discharged from Lake Madison totaled
69.0 tons and 7.7 tons, respectively. This is in comparison to 80.1 tons of total nitrogen
and 11.7 tons of total phosphorus discharged into Lake Madison through LMT6. This is
a 13.9% and 34.2% loss in nitrogen and phosphorus loadings leaving the lake.

The amount of ammonia discharged from Lake Madison was 506% larger than LMT6
(1.8 tons) to BLT8 (10.9 tons). The ammonia loadings increase can be attributed to the
breakdown and decomposition of organic material in the lake. The concentrations were
significantly greater at BLT8. The nitrate loadings for LMT6 and BLT8 decreased by
75.6% during the same time period (Table 8).

Only Site LMT6 and BLT8 were included in
comparisons as LMT6 is the largest
contributor to Lake Madison. LMT?7 loadings Fall
will be included in the overall budget e
calculations later in the report.

Seasonal Hydrologic Loadings for Site BLT8
Lake Madison

There was an 8.3% increase in total dissolved Spring
phosphorus loadings between LMT6 and
LMTS8 in contrast to the reduction in total

Summer
phosphorus loadings. This may have been 3%
due to the algal blooms and other vegetation
undergoing decomposition. An 83%
reduction also occurred for the sediment .
Figure 17

loadings between LMT6 and BLT8 during
1995.

Seasonal Total Phosphorus Loadings for Site BLT8

In contrast to the other sites, Site BLT8
discharged a greater amount of phosphorus
during the summer even though a higher rate
of water discharge occurred during the spring
(Figure 17 and 18). This was due to the
higher TP concentrations in the summer
sampling period. Spring hydrologic loadings
constituted 52% of the total discharge from
BLTS8 but only 39% of the total phosphorus
loadings. Sixty-Seven percent of the
sediment loadings and 54% of the total
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nitrogen loadings occurred during the spring as well.
Site BLT9

BLT9 monitored the water quality
and discharge of Round Lake, which
is a small 152 acre (61.5 ha) lake d
immediately downstream of Lake N TR
Madison (Figure 19). Excluding the N T \
ungauged runoff from the shoreline .
and 1-2 small but relatively .
insignificant  tributaries, Round ke 1 XY -
Lake receives its water primarily - ,-W LMTS
from Lake Madison. According to A At @
the AGNPS computer model, the X
subwatershed area is 38,760 acres : f \ i e
(156862 ha) which includes @ = O
everything from the Lake Herman | [Bourne

outlet to the outlet of Round Lake. [oarze] | S

\
]
)

)

BLT9

&)

]

BLT8 Lake

The water quality of Round Lake is
greatly affected by the discharge
from Lake Madison. Although the
mean ammonia (NH,) concentration
from Round Lake is less than the mean from the outlet of Lake Madison (BLTS) (0.168
mg/L vs. 0.27 mg/L) it is very similar in its trends. During the month of April, all of the
concentrations dropped to 0.02 mg/L due to the high rate of water discharged into Lake
Madison. This is the same type of trend that occurred for the Round Lake water quality
data and discharge. Ammonia concentrations ranged from a maximum of 0.46 mg/L to a
minimum of 0.02 mg/L (Table 9). The maximum concentration of un-ionized ammonia,
which can be highly toxic to fish, never exceeded 0.03 mg/L (Table 9). Un-ionized
ammonia concentrations are dependent upon pH and temperature. As these two
parameters increase, un-ionized ammonia, as a percentage of total ammonia, generally
increases as well.

Figure 19. Location of Site BLT9.

The pH of Site BLT9 ranged from minimum of 8.08 su to a maximum of 9.22 su. The
maximum pH occurred during the late summer when the maximum temperatures were
also observed (Table 9). Incidentally, the minimum alkalinity concentration of 147 mg/L
occurred on this date as well. Natural waters can range from 20 to 200 mg/L (Lind,
1985).

Fecal coliform ranged from 10 colonies per 100 ml to a maximum of 970 per 100 ml.

This maximum concentration occurred on March 13, 1996 when the last sample was
taken. There is a feeding area located along the shores of this lake and it was being used
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during the collection of the water quality data. However, as of 1998, all livestock have

been removed and the land sold (Halpin, 1998).

Although ammonia concentrations were slightly lower in comparison to Site BLT8 (0.17
mg/L vs. 0.27 mg/L), the other nitrogen parameters were all slightly higher (Table 9).
The concentrations at Site BLT9 are greatly effected by the water quality and discharge
from Site BLT8. The ammonia discharged from BLT8 becomes slightly diluted or is
used by plants and algae as it passes through Round Lake resulting in a decrease in
concentration. The nitrates and other parameters increase slightly, possibly due to the
feedlot and or the conversion of ammonia back to nitrates.

Total phosphorus was not significantly different
between BLT8 and BLT9. The total phosphorus
mean at Site BLT8 was 0.202 mg/L. whereas the
mean concentration for Site BLT9 was 0.241 mg/L
(Table 9). The maximum value for Site BLT8 was
0.339 mg/L that occurred on August 8, 1995. The
maximum value for Site BLT9 was 0.402 mg/L and
occurred on the same date. The dissolved
phosphorus mean for Site BLT9 of 0.081 mg/L was
significantly lower than mean from Site BLTS8
which was 0.133 mg/L. The dissolved fraction of
total phosphorus was also lower at Site BLT9
(37%). Basically, the dissolved and particulate
phosphorus reversed percentage values at Site
BLT8 where they constituted 62% and 38% of total
phosphorus, respectively. Site BLT9 phosphorus
fractions exhibited an opposite distribution where
dissolved and particulate phosphorus constituted
37% and 66%, respectively. This may have
occurred owing to the higher suspended solids that
were present at Site BLT9 and in Round Lake.
Resuspension of the sediment in the small lake
resulted in the attachment of some of the dissolved
phosphorus onto the resuspended particles. A
regression analysis indicated that there was a slight
relationship between total phosphorus and
suspended solids (R*=0.31,df=11). The suspended
solids concentrations at Site BLT9 ranged from 16
mg/L to 98 mg/L and the mean concentration was
38 mg/L. Site BLT8 ranged from 4 mg/L to 29
mg/L and the mean was 11 mg/L (Table 9).

Seasonal Hydrologic Loadings for Site BLTY
Lake Madison :

Fall
1%

Figure 20

Seasonal Total Phosphorus Loadings for Site BLT9
Lake Madion Watershed

Fall
12%

Summer
46%

Figure 21

During 1995, 34,207.5 acre-feet of water was discharged from Site BLT9. This
constituted a 4.5% increase from the 32,478.5 acre-feet calculated from Site BLT8. Asis
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indicated from Figure 20, 50% of hydrologic loadings occurred during the spring. This is
the same scenario that occurred at Site BLTS8. Fifty percent of the loadings occurred
during spring but over 45% of the total phosphorus loadings occurred during the summer.
This indicates the effect that Lake Madison has on the water quality of Round Lake.

Total phosphorus loadings increased by 44% between BLT8 and BLT9 (Table 8). The
suspended solids loadings increased by 358%. Lake Madison discharged 429.1 tons
compared to 1,963.3 tons discharged from Brant Lake. This indicates that Round Lake
has a significant internal loading problem. Sediment trapped in Round Lake in previous
years is presently being resuspended and transported into Brant Lake.

Total nitrogen loadings increased to 79.2 tons at BLT9 from 69 tons discharged from Site
BLTS. ‘ This constituted a 15% increase in overall total nitrogen loadings.

BLT10 Water Quality

BLT10 is a small 1,800 acre (728.5 ha)
subwatershed that drains from the N 2a\
northeastern part of the Brant Lake
watershed. Some steep banks with PN
pasture and small corn and grain - \
cropping practices characterize this -
watershed (Figure 22). This site can be — (- 1Y~
compared to the smaller tributary sites [ . %
already discussed such as LMT3, ! 7 3\_ LMT?
LMT4, and LMT7.

-Vr)

ke
(a \ . e A BLTI10
BLT10 fecal coliform concentrations AT Ry o

ranged from 10 to 320 | [Bourne - A
coliforms/100ml. The mean and [mre | E':'“;l )

median were 96 and 75 BLTS e

colonies/100ml, respectively (Table 9). - ; :
Concentrations were 200 coliform per Figure 22. Location of Site BLT10.

100 ml or less during the spring. The

higher counts consistently occurred during the summer. AGNPS located a
feedlot/feeding area in the upper reaches of this subwatershed. However, it received a
relatively low rating (see AGNPS section). This feeding area, which may also be used as
a summer pasture, may receive a small number of livestock during the summer months.
The fecal coliform concentrations did not exceed 400 coliform per 100 ml in any of the
samples.

Increases in total phosphorus concentrations can sometimes be linked to increases in fecal
coliform counts. The mean and median concentrations of total phosphorus concentrations
were 0.423 mg/L and 0.281 mg/L, respectively (Table 9). The highest TP concentration
for the entire set of tributary samples was collected in a sample from BLT10; 1.4 mg/L
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observed on March 15. There were consistently high total phosphorus concentrations
observed from this site. Although some of the other monitoring sites exhibited some
degree of relationship between total phosphorus and suspended solids, regression analysis
indicated no relationship for BLT10 (R? = 0.02, df = 10, n=11). Fertilizers or nutrient
runoff from feedlots or grazing areas were likely primary sources of these higher
phosphorus concentrations.

Dissolved phosphorus concentrations were consistently higher in this subwatershed as
well. The mean dissolved fraction of total phosphorus comprised 73% of the total
phosphorus. Although this is significant, other subwatersheds exhibited higher dissolved
fractions such as the un-named tributary located in the northwestern part of the watershed
(Site LMT3 = 84%). The dissolved phosphorus mean and median at BLT10 were 0.249
mg/L and 0.230 mg/L, respectively (Table 9). The maximum concentration was 0.412
mg/L (Table 9). Although this was not the largest concentration observed from the 11
tributary monitoring stations, it was still an excessive concentration for bioavailable
phosphorus. The excessive concentrations occurred during the period of least runoff
(March, June - October). During the period of high runoff (April) the concentrations
were reduced to below 0.200 mg/L when dilution occurred.

Nitrate+nitrite mean and median concentrations were 0.84 mg/L and 0.95 mg/L.
respectively (Table 9). Nitrates were consistently low during the month of April except
for one observation. For the sample collected on April 18, 1995 the nitrate+nitrite
concentration was 1.2 mg/L. In addition, there was an excessive total phosphorus
concentration of 0.566 mg/L, a suspended solids concentration of 296 mg/L, 100 fecal
coliform/100ml, in addition there was an increase in flow recorded on this date as well.
The other increases in fecal bacteria, phosphorus and nitrate+nitrite concentrations can be
attributed to nutrient runoff from grazing areas. Ammonia concentrations did not
increase during the study period.

Total suspended solids levels were excessive during only one event (April 18, 1995).
That TSS concentration of 296 mg/L occurred together with an increase in fecal coliform
(100 coliform/100ml), nitrates+nitrites (1.2 mg/L), total phosphorus (0.566 mg/L), and
total dissolved phosphorus (0.203 mg/L). After this event no other excessive
concentrations were observed. A TSS concentration of 68 mg/L was observed in the
following spring runoff (1996) but was not accompanied by an increase in fecal coliform
or nitrate+nitrite. =~ AGNPS indicated three critical cells within this 1800-acre
subwatershed with an estimated sediment erosion rate of 8.0 tons/acre. A single critical

Table 10. Total Actual and AGNPS
Loadings for Site BLT10 in Tons/year.

BLT10 Actual AGNPS
TSS 56 479
TN 14 3.4
TP 03 1.3
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cell with sediment nitrogen > 9.8 Seasonal Total Phosphorus Loadings for Site BLTLO
lbs/acre and one critical cell with Eal
sediment phosphorus > 4.9 lbs/acre were
also identified. The only feedlot that
was documented in this area was not
rated very high for pollution potential by
AGNPS (15 on a scale of 0-100).
Summer grazing or a winter lot may
have been in the area but was not being
used when the AGNPS data was
collected. This area should be field
verified before any installation of BMPs
takes place.

Figure 23.

Total loadings for 1995 were compared to annualized AGNPS loading data in Table 10.
The results indicate that at least with the annualized version of AGNPS there is some
agreement between the data determined through actual water quality data and AGNPS
The units used are tons/year. This is the estimated tonnage of sediment (discounting the
bedload) and nutrients delivered to Brant Lake from the 1800 acres above monitoring Site
BLT10.

Over 70% of the loadings occurred during the spring. This occurred for all parameters
including water and total phosphorus (Figure 23).

The export coefficients for Sites LMT7 -BLT11 can be found on Table 8. In comparison
to the other subwatersheds (LMT3, 4, and 7), of similar size, the sediment export
coefficient (Ibs/acre/yr) for BLT10 is relatively high at 62.2 Ibs/acre/yr primarily due to
high land slopes (Figure 21). The nutrient export coefficients for both phosphorus and
nitrogen (Ibs/acre/yr) are similar excluding Site LMT3 (1400 acres). LMT3 has less
phosphorus and nitrogen mass delivered from each acre than LMT4, 5, 7 and BLT10.

Site BLT11 Water Quality

The BLT11 monitoring station was placed at the outlet of Brant Lake to monitor the
discharge from Brant Lake into Skunk Creek (Figure 24). The water quality of the outlet
is a greatly affected by the in-lake water quality. In this particular situation, the water
quality at the outlet of Brant Lake is also a reflection of all the contributions to Silver
Creek. This includes the 44,000 acre (17,806.8 ha) watershed.

Table 8 shows the descriptive statistics for the water quality data collected from the outlet
(BLT11). The mean concentration of fecal coliform for the outlet was 11 fecal
coliform/100 ml and the median was 10 fecal coliform/100 ml. The discharge area from
the lake was sampled approximately 300 meters downstream from the outfall of the lake.
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There was a better access point at s RN
this location and the discharge D )
could be readily collected due to :
its location near a county road. \\‘ DZAN

LMT4

The suspended solids mean was A
29 mg/L and may have been s kb
lower if the gauging station had YT . o
been placed on the immediate s /AL

outfall of Brant Lake. The . h T;N BLTY
median was 20.5 mg/L and there A w S| W BLTIO
was one observation at 88 mg/L. LMT2 -l < Byl -
This was probably due to a large | [Bourne : U N
discharge from the lake during [iame] [Sewe .
the month of April which was the '  — &
n}onth with th? hlghe.st Figure 24. Location of Site BLT11.
discharge. A regression analysis

conducted between suspended

solids and total phosphorus

observations indicated that there was a definite relationship, although not extremely
significant, between these two variables (R>=0.58, d.f=10, n=11). Another regression
analysis was conducted between suspended solids and instantaneous discharge (cfs). Site
BLT11 monitored the discharge from Brant Lake, but a high percentage of the suspended
material is settled or trapped within the lake before the water is discharged. This was
indicated by the regression analysis (R*=0.10, d.f.=10, n=11).

The mean total phosphorus concentration for Site BLT11 was 0.171 mg/L (median=0.150
mg/L). The largest total phosphorus concentration of 0.236 mg/L and the largest
suspended solids concentrations (88 mg/L) were collected on the same date. At the same
time the total dissolved phosphorus concentration was comparatively low at 0.033 mg/L.
An estimated 59% of the total phosphorus discharged from the lake on April 18, 1995
was attached to sediment particles. The mean fraction of dissolved phosphorus was
41.0%. This was one of the lowest percentages that was observed for all of the tributary
sites. The mean concentration for dissolved phosphorus was the lowest documented for
all of the tributary sites and the mean total phosphorus concentration was slightly more
than the 0.164 mg/L at Site LMT3 which was the lowest mean concentration observed for
all of the tributary sites.

Total nitrogen was less than 2.0 mg/L in all except 2 of the 11 samples. 2.16 mg/L and
2.17 mg/L were the only two observations >2.0 mg/L. Nitrate+nitrite and ammonia
concentrations did not exhibit any excessive concentrations during the project. In fact,
the maximum nitrate-+nitrite concentrations did not exceed 0.4 mg/L. Ammonia did have
increases during March and June of 1995 but these were very minor and can be related to
the breakdown of organic matter.
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Daily Discharge (CFS) for the Outlet of Brant Lake (1995)
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Figure 25

Nutrient and sediment loadings from Brant Lake were calculated for the water year
March 16 to October 30, 1995. Lake Herman, Lake Madison, and Round Lake act as
sediment and nutrient traps for Brant Lake. The outlet of Brant Lake is a reflection of the
44,000-acre watershed upstream. However, the water quality discharged from Round
Lake has the greatest impact on Brant Lake.

The discharge relationship between the daily stages and instantaneous discharge was
calculated through regression analysis. This analysis indicated a very strong relationship
between those two variables (R’=0.97,d.f=23, n=26). After the relationship between
stage and discharge had been determined and the daily discharge (liters/day) had been
calculated, it was found that the period of highest discharge was April, May, and June of
1995 (Figure 25). The same pattern was exhibited by the other tributary monitoring sites.

The total amount of water discharged over the course of 1995 was 44,283 acre-feet.
During the spring of that year (March 16 — May 31) the amount of discharge from Brant
Lake was 21,344 acre-feet or 48% of the annual discharge.

As with other sites located on the outlets of the lakes within this watershed, it is hard to
complete export coefficients for comparison purposes because each lake acts as a
retention device trapping nutrients and sediment at different rates. The subwatersheds are
also much larger than the smaller subwatersheds such as LMT3 and LMT7. Comparisons
should be made between each of the monitoring stations located on lake outlets.

Seasonal loadings for TSS, TN, and TP were higher during summer (June 1 — Aug 31)
than during spring or fall periods. The principal reason for higher loadings during
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summer were higher nutrient and sediment concentrations. The mean TSS concentrations
for the spring months (March- May) was 26 mg/L whereas the summer months (June-

Table 11. Actual and AGNPS Loadings
for Site BLT10 in Tons/year.

BLT11 Actual AGNPS
TSS 1894 817
N 93.4 88.0
TP 10.5 14.9

August) had a significantly higher mean concentration of 40.5 mg/L. This same
phenomenon was exhibited by the total nitrogen (TN) and total phosphorus (TP) seasonal
loadings.

The total loadings and the annual loadings calculated through the AGNPS computer
program are listed in Table 11. These AGNPS loading numbers confirm with fair
correspondence the loadings calculated through the water quality data. AGNPS identified
4 critical cells with an erosion rate of >8.0 tons/acre for sediment, 3 critical cells with a
sediment-nitrogen erosion rate of >9.8 Ibs/acre of sediment-nitrogen, and 3 critical cells
with a sediment-phosphorus erosion rate of >4.9 lbs/acre within the immediate
subwatershed of the outlet of Brant Lake. These cells are immediately contributing to the
loadings at the outfall of Brant Lake. However, the greatest contributor of phosphorus is
the discharge from Round Lake (BLT9).

Hydrologic Budgets

The hydrologic load explains how much water entered the lake and how much water left
the lake. In theory, all inputs of water must equal all outputs during the course of
hydrologic cycle. However, monitoring all the possible inputs to a lake is very difficult.
In some cases, estimates of the water load to the lake are needed to help balance the
equation. The hydrologic inputs to Lake Madison, Round Lake, and Brant Lake come
from many sources; precipitation, tributary run-off, indirect runoff, and groundwater.
The period of record used to develop the loadings was March 16 — October, 1995. In
order to calculate the precipitation inputs, 1995 rainfall data was taken from the weather
station 2 miles of east Madison. Evaporation, which is an output of water, was not
collected at this weather station. The nearest weather station that collected evaporation
data was 2 miles northeast of Brookings. This data set was then used for the three lakes.
The amount of evaporation and precipitation in inches was converted to feet and
multiplied by the individual surface area of each lake. In the case of the evaporation data,
the monthly pan evaporation rates were multiplied by the Class A monthly land pan
coefficients for the midwestern United States to derive a monthly evaporation rate for
each lake (Roberts and Stall, 1967; in Fetter, 1988).
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Lake Madison

The three main water source inputs into Lake Madison are LMT6 (input from Silver
Creek), LMT7 (Wentworth Park), and precipitation. There are less significant tributaries
contributing to Lake Madison which need to be considered in the overall water budget.
These small tributaries were not monitored but their surface area (drainage area) was
calculated using the AGNPS computer program (see AGNPS Report in the Appendix for
a discussion of these individual tributaries).

Table 12. HYDROLOGIC BUDGET - Lake Madison

Input Load (ac-ft) |Output Load (ac-ft)

Sources Sources

Precipitation 7777.4|Evaporation 6260.4

LMT6 30335.0|Outlet (BLTS) 32748.5

LMT7 842.3|Change in 1091.8
Storage

Groundwater 654.6

Ungauged 4914

Runoff

At the end of the monitoring period (Oct. 30, 1995) the level of Lake Madison was 0.77
foot above the spillway. The difference between the beginning (0.38 ft) and ending (0.77
ft) of the monitoring period is 0.39 foot which constitutes 1091.7 acre-feet (0.39 * 2799.3
acres) for a positive change in storage. Change in storage accounts for changes in surface
elevation over the study period. A positive change occurs if the lake volume increases
over the study period. In this case, the lake volume increased for all three lakes involved
in this investigation. A positive increase of 1091.7 acre-ft occurred for Lake Madison
during 1995 (Table 12). In addition to the 1091.7 ac-ft, there was also an additional 54.3
ac-ft that came from other undocumented sources. The changed in storage (1091.7 ac-ft)
and the missing 54.3 ac-ft discharged from the outlet (total = 1,146 ac-ft) can be
accounted for by assuming that the 1,146 ac-ft came from ungauged runoff or
groundwater inputs.

These ungauged runoff amounts (ac-ft) were calculated by using the hydrologic export
coefficients of the monitored tributaries (LMT7 and BLT10) of similar size. These
individual drainage areas were 1,920 acres and 1,800 acres, respectively. The smaller
subwatersheds that were not monitored during the study period were used in the
ungauged runoff calculation (those tributaries which run directly into Lake Madison,
Round Lake, or Brant Lake). AGNPS indicated that there were two small subwatersheds

46



that run directly into Lake Madison from the northeast. These two were 880 acres and
240 acres in size and located directly next to the LMT7 subwatershed. Since these two
were next to the LMT7 subwatershed the hydrologic export coefficient from LMT7
(842.3 ac-ft/1920 ac = 0.4387 ft/yr) was used to estimate the discharge from these 2
smaller subwatershed for a total of 491.3 ac-ft. It was assumed that any of the 40 acre
cells south of Lake Madison that were not included in the ungauged runoff calculation
had a minimal contribution to the overall hydrologic budget of Lake Madison. 0.4387
ft/yr was multiplied by 880 acres = 386.1 and 240 acres = 105.3 for a total of 491.3 ac-ft.
The hydrologic export coefficient developed from LMT7 was also used on the ungauged
2040 acre subwatershed draining into Round Lake (0.4387 *2040 = 894.9 ac-ft) which
constituted 894.9 ac-ft of ungauged runoff into Round Lake. The export coefficient
derived from the BLT10 subwatershed was used for the two smaller subwatersheds
located in the Brant Lake Subwatershed (729 acres and 1080 acres). Again the 40-acre
cells that were not monitored and drained directly into the Lakes were assumed to have a
negligible impact on the lake volume.

This methodology of using the LMT7 and BLT10 hydrologic export coefficients was also
used with the nutrient and sediment loading calculations for the smaller ungauged
tributaries. The total nitrogen export coefficient from LMT7 (TN in lbs/ac/yr) was
multiplied by the surface area of the subwatershed (acres) to derive the total loadings for
nitrogen (Ibs/yr). The nutrient and sediment export coefficients from LMT7 were used to
calculate the total loadings from the three ungauged tributaries on Lake Madison and
Round Lake. The export coefficients from BLT10 were used to calculate the total
loadings from the two smaller ungauged tributaries draining into Brant Lake.

After the estimates of ungauged runoff were added to the Lake Madison inputs, the water
budget was still short 842.31 ac-ft. The only other input source not yet included in the
budget was groundwater. Inputs from groundwater are generally very difficult to assess
and the amount of water needed to balance the hydrologic budget seemed low. However,
the regression equations used to calculate the daily discharge estimates were very good
(LMT6 R? = 0.98, and BLT8 R* = 0.97). This area of South Dakota has been in a wet
cycle and the water table has been above normal. Groundwater inputs to the lake may be
more extensive during a dry cycle. There may be a large groundwater input to Lake
Madison as the groundwater output is not taken into consideration when developing the
budget.

Round Lake

To determine the hydrologic budget for Round Lake the surface area of Round Lake had
to be determined from existing topography maps. After planimetering the area of Round
Lake on the topography map, it was determined that the lake’s surface area was
approximately 152 acres. The contribution from ungauged runoff to Round Lake was
calculated by using the export coefficients for Site LMT7. This ratio of 2.2795 ft/acre
was then divided into 2040 acres which is the only ungauged tributary located within the
immediate subwatershed of Round Lake. From this calculation, ungauged runoff was
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Table 13. HYDROLOGIC BUDGET - Round Lake -

Input Load (ac-ft) |Output Load (ac-ft)

Sources Sources

Precipitation 422 3|Evaporation ‘ 339.9

BLTS 32748.5|Outlet (BLT9) 34207.5

Groundwater 555.4|Change in 73.7
Storage

Ungauged 894.9

Runoff

assumed to be 894.9 ac-ft (0.4387 ft/yr * 2040 acres). Again, the 40 acre cells used in the
AGNPS program that were immediately adjacent to Brant Lake were assumed to have a
negligible impact on the hydrologic budget of Round Lake.

Brant Lake

Brant Lake has a surface area of 1000 acres and is the primary source for Skunk Creek.
Brant Lake is hydraulically connected to Lake Madison through Silver Creek and the
North Skunk Creek Aquifer (Figure 9). The hydrologic budget for Brant Lake is very
similar to the two previous lakes. The calculations for ungauged runoff were also
calculated in the same manner except that the hydrologic coefficient from Site BLT10
was used on the two ungauged tributaries (720 and 1080 acres).

t Lake
i

Input Load (ac-ft) Load (ac-ft)
Sources Sources
Precipitation 2778.3|Evaporation 2236.4
BLT9 34207.5|Outlet (BLT11) 44282.7
BLT10 709.9|Change in 450

Storage
Groundwater 8563.5
Ungauged 709.9
Runoff

The difference between Lake Madison, Round Lake, and Brant Lake is that there is a
much larger groundwater component (8,563.5 ac-ft) for Brant Lake. For all surface water
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components that were monitored the regression analysis was relatively significant
between the independent variables (stage) and the dependent variable (discharge). The R?
values for the regression analysis from BLT9, 10, and 11 ranged from 0.87 to 0.97
indicating a significant relationship between these two variables. Brant Lake did gain a
significant amount of water from other sources that were not monitored. This lake is
hydraulically connected to the North Skunk Creek Aquifer which had a significantly
larger impact on Brant Lake compared to Lake Madison. Also Brant Lake is the fourth
and final lake located in this chain of lakes. This may have resulted in a low groundwater
input to Lake Madison and Round Lake and a higher groundwater input into Brant Lake
as Brant Lake is at the bottom of the chain (lower elevation).

Suspended Solids Budget

Lake Madison

Based on the suspended solids
Total Suspended Solids Input

loading data collected during 1995 Lake Madison
from Site LMT6, suspended solids 5 .
(sediment) do not appear to be an LMT7 o

6%
3%

impairment for Lake Madison.
According to the data collected,
‘including all of the inputs in Table 6,
- Lake Madison shows less than one
cacre-foot of sediment per year
‘entering the lake from all documented v
sources. Assuming that the sediment - v LMT6
is uniform silt, the suspended solids ‘ ’ %

load was divided by the total pounds

of sediment entering the lake
(5,541,340 pounds) by a factor of 135

- ° . Figure 26
pounds per cubic feet (Uniform Silt =

135 lbs/ft’) (Kuck, 1998). The cubic Total Suspended Solids Input
feet were then converted to acre-feet Round Lake

for a total of 0.94 ac-ft of sediment.

There may be more sediment entering U;i?:,g;d
Lake Madison from the bedload of a 28%
stream. However, all tributary
samples collected during this
investigation were collected with a
suspended sediment sampler (DENR
SOP, 1998). This sampling method is
much more accurate for calculating
sediment loadings than using the
simple grab sample method. If the

BLTS8
2%

amount of suspended solids entering Figure 27
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Lake Madison is doubled to include sediments that may have been missed, the rate of
deposition of sediment for Lake Madison would still be less than 0.009 inches over the
entire surface area of Lake Madison. It is not known how much of the suspended solids
are actual inorganic sediment or organic matter (decaying plants and algae). Due to the
amount of intensive agriculture, some of the suspended solids would be inorganic.
However, during the course of the study, Lake Madison accumulated 2346.1 tons of
sediment, which constitutes 0.0003 inches of sediment over the entire surface area of the
lake.

Round Lake

The suspended solids loadings for Round Lake were similar to Lake Madison for the year
1995. The total load delivered to Round Lake was 598 tons but the total sediment load
discharged from Round Lake was 1963 tons. The 1365 tons discharged from Round
Lake indicate another input probably from internal loadings. Using the conversion of 135
pounds of uniform silt per cubic foot, the amount of sediment discharged into the lake
constitutes < 1 acre-foot of sediment.

The outlet of Lake Madison (BLT8) had a mean TSS concentration of 11 mg/L. compared
to a mean of 38 mg/L at BLT9. The median concentrations were significantly different as
well. The explanation for this difference may be the shallowness of Round Lake
combined with current and wind wave action which may have resuspended surficial
sediments and transported them out of Round Lake and into Brant Lake.

Brant Lake

The suspended solids budget for Brant Total Suspended Solids Input

Lake was very similar to that of Lake Brant Lake

Madison as well. The total amount of Ungauged
BLT10 e

suspended solids discharged into Brant
Lake was 2075.3 tons which constituted
0.71 acre-foot of sediment. This 0.71
acre-foot of sediment constitutes only
0.008 inches of sediment over the entire
surface area of Brant Lake.

During 1995, Brant Lake accumulated
approximately 180.9 tons of sediment. As
mentioned in the Lake Madison sediment
budget discussion, suspended solids are
not a significant impairment for Brant
Lake. Figure 28 displays the contributors
to the Brant Lake sediment budget.

__— Runoff
3%

—_—

3%

BLT9
94%

Figure 28
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Nitrogen Budget

Lake Madison

Nitrogen is water soluble which makes

it very difficult to estimate Total Nitrogen Inputs
groundwater contributions. Depending | Lake Madison

on the time of year and the agricultural Unganged
practices on the surface of the land, e [ e o
nitrogen concentrations can vary LMT? \ v

greatly. For the purpose of this study,
a total nitrogen concentration of 3.83
mg/L was used for the groundwater
input. Most of this was in an inorganic
form (>90%), 1i.e. nitrate+nitrite
(NO,,,) or N,. This concentration of LT
nitrogen  was  estimated from 7%

groundwater samples collected from  Figure 29

wells located northwest of the lake.

The wells are used for monitoring the

impact of the City of Madison and the Lake Madison Sanitary District
infiltration/percolation basins on the ambient groundwater.

Groundwater nitrogen does not heavily impact Lake Madison since groundwater nitrogen
comprises only 3% of the total nitrogen budget for the lake. Because it is difficult to
remove nitrogen from the system, groundwater should not be a concern to the overall
budget. The input from precipitation was estimated at 13.1 kg/ha/yr (11.685 lbs/ac/yr)
and constituted 15% of the overall nitrogen budget (USEPA, 1990). Precipitation
nitrogen was assumed to be in an inorganic form as well. A display of the nitrogen inputs
is shown in Figure 29.

Based on the data collected during 1995, the inlake volume of total nitrogen in Lake
Madison increased by 73, 310.4 1bs. Assuming that groundwater and precipitation inputs
are primarily inorganic, the majority of this retained nitrogen was inorganic (>87%).
However, the lake did discharge over 18,200 lbs of ammonia (NH;). Most of the
ammonia was discharged during the summer when algal blooms occur. As the algal
blooms collapse, one of the primary byproducts of biodegradation is ammonia. Organic
nitrogen was also retained in the lake but at a lesser amount than for inorganic. Algae
cells consist of organic nitrogen and other materials and most of the organic nitrogen
discharged through the outlet was contained within the algal cells. As some species of
blue-green algae are able to convert unusable forms of nitrogen (N,) into usable forms,
nitrogen is very difficult to control. Phosphorus is more easily managed. Most of the
nitrogen discharged into the lake was in inorganic forms (NO,,,). Seventy-five percent of
the nitrogen output from Lake Madison was in the organic form.
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Round Lake

The inlake volume of total nitrogen for Round Lake actually decreased by 5,023.8 1bs.
BLTS constituted 90% of the total nitrogen budget for Round Lake. Since over 75% of
the nitrogen discharged from Lake Madison was in the organic form then it only makes
sense that the majority of the nitrogen inputs into Round Lake were in the form of
organic nitrogen (>75%). Round Lake has a much smaller surface area (152 acres) which
allows for a much lower residence time. This allows the material entering Round Lake to
be transported quickly through the system into Brant Lake.

Brant Lake

Total Nitrogen Inputs
As stated in the Round Lake discussion, Brant Lake
organic nitrogen was the predominant Ungauged
species discharged into Brant Lake. For 1%
the total nitrogen budget of Brant Lake,
BLT9 constituted 60% of the budget. Gromdvater
However, groundwater was a significant

portion of the overall budget for nitrogen
(Figure  30). Groundwater  and
precipitation were assumed to be in an

inorganic form and so were not included it
in the organic portion of the nitrogen

Precipitation
4%

BLTY
60%

budget. Figure 30

The inputs of nitrogen to Brant Lake

totaled 264,740.6 Ibs whereas the outputs totaled 186,740.0 1bs This increased the inlake
volume of total nitrogen for Brant Lake by a total of 78,000.6 Ibs of total nitrogen. This
excessive amount of nitrogen was primarily organic nitrogen (algae and other aquatic
vegetation). Approximately 80% of the total nitrogen that was discharged from the lake
was in the organic form as well. Again, this large amount of organic material was
primarily discharged during the summer (50%). Brant Lake actually lost 25,027.7 lbs of
organic nitrogen during 1995 assuming that atmospheric and groundwater inputs were
inorganic. Summer is the most productive period for aquatic vegetation and 50% of the
nitrogen discharge that occurred during the summer was comprised of the organic
nitrogen stored in algal and plant biomass.

Phosphorus Budget

Lake Madison

Phosphorus inputs to Lake Madison during the 1995 sampling season totaled 25,186.5 1bs
(11,422.4 kg). Site LMT6 was responsible for 92.7% of the total phosphorus delivered to
the lake (Figure 31) but constituted only 76% of the hydrologic input. Groundwater
constituted less than 1% of the phosphorus budget.
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Total Phosphorus Inputs

Mean total phosphorus concentration Lake Madison

from groundwater samples collected in Groundwater  UneE=d

1995 was 0.063 mg/L. This 0% N\ Nwm
concentration was then multiplied by the LMT7 ' Pm;p;jt >

amount of groundwater discharged to e

each of the individual lakes.

LMT6
92.7%

Site LMT7, which monitors a small
subwatershed  northeast of Lake
Madison, contributed 3% of the total
phosphorus budget for Lake Madison.
The ungauged runoff was assumed to

provide an insignificant contribution to  Figure 31
the lake as well.

Lake Madison retained 9,828.2 lbs of total phosphorus during 1995. More phosphorus
entered the lake than left the lake through external sources (BLT8). Fifty percent of the
phosphorus discharged into Lake Madison through Bourne Slough was received during
the spring season, which is when 54% of the hydrologic load occurred. The total
phosphorus loading during the spring is then used primarily for algal production during
the summer. There is a lag period for the phosphorus to work its way through the Lake
Madison system allowing algae to use the bioavailable phosphorus. The material
discharged into the lake during the spring would take some time to work its way to the
outlet which is why the loading rate for the outlet is slightly higher during the summer.
This also allows phosphorus attached to some of the sediment sufficient time to settle to
the bottom of the lake.

Silver Creek (LMT6) delivered 38% of the total dissolved phosphorus load during the
spring and 38% during the summer. However, Lake Madison discharged significantly
more dissolved phosphorus during the summer (55%). Dissolved phosphorus may have
been released from the sediments during the summer and discharged. However, another
explanation is that during the summer, several algal blooms may have died off that
resulted in a release of dissolved phosphorus.

Round Lake

Round Lake, which is only 152 acres in size, received 16,185.1 lbs of phosphorus from
external sources. It discharged a total of 22,040.89 lbs. This additional phosphorus may
have accumulated during low water years and from sediment discharged into Round Lake
from Lake Madison or ungauged runoff. High flow periods allow accumulated sediment
and phosphorus to be resuspended and discharged into Brant Lake. As mentioned
- previously, Lake Madison discharged a majority of phosphorus (44%-TP, 55%-DP)
during the summer. Round Lake discharged a majority of phosphorus (46%-TP, 40%-
DP) during the summer as well.
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Brant Lake

The primary contributor of total phosphorus to Brant Lake was Round Lake (BLT9)
(Figure 32). Groundwater and precipitation contributions were estimated using the same
method described for Lake Madison. A mean concentration of 0.063 mg/L total
phosphorus was used to calculate the groundwater contribution.

Although groundwater constituted 6% of the total phosphorus budget for Brant Lake, it is
not a significant contribution in comparison to that of BLT9. When ungauged runoff and
BLT10 were added, they contributed approximately 6% of the total phosphorus budget as
well. BLT10 discharged over 70% of the total phosphorus load during the spring runoff
period. Over 70% of the total discharge from this small subwatershed occurred during
this time period as well. :

Brant Lake accumulated 3,951.9 lbs of ot ll;l::i‘t’hl:l‘:: et

total phosphorus during 1995. 1,754.2 Ungavged

Ibs of total dissolved phosphorus also Gromdrates Rumott -
accumulated in Brant Lake. During the ) Frecip ation
summer, Brant Lake discharged over BL;,/:O

50% of its phosphorus load. This is in
comparison to Site LMT6 (Silver
Creek inlet to Lake Madison) which
discharged 50% of its TP load into
Lake Madison during the spring. This
correlates with the inlake TP
concentrations as well. Significantly

BLTY9
87%

higher TP concentrations occurred
during the summer. Figure 32
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Urban Runoff

Urban stormwater runoff was, prior to 1980, considered to be an insignificant source of
water quality degradation. However, the completion of the National Urban Runoff
Program (NURP) indicated that significant detrimental effects on the water quality of the
receiving water had occurred. In 1987, the Clean Water Act required municipalities with
a population of 100,000 or more to apply for a permit under the National Pollutant
Discharge Elimination System (NPDES). This permit emphasized the use of Best
Management Practices (BMPs) to reduce pollutant loadings. Although cities smaller than
100,000 people were not required to obtain a NPDES permit, they could still have a
significant impact on local receiving water bodies and should implement BMPs to
improve the water quality of their urban runoff (USEPA, 1992(2)).

During 1995, three samples were collected between upstream Site LMT2 and
downstream Site LMTS5 on Silver Creek. Three samples were also collected on another
sampling site located between Sites LMT3 and 4 and the downstream Site LMT5 on
Memorial Creek (Figure 33). However, not enough information was gathered from these
6 samples. To determine the impact of storm sewers from the city of Madison on Silver
Creek, the storm sewers were monitored during the spring and summer of 1997. Three
ISCO, Model 6700, automatic samplers were installed at three individual sites within the
city of Madison. These automatic samplers were to gather water quality data from three
distinct areas of Madison.

Sampling sites within the city were selected by their runoff representativeness, landuse
representativeness, and accessibility. The sampling sites were also selected in
consultation with personnel of the city of Madison.

The first sampler was to be installed at the intersection of Union and 4™ Street to sample
the water quality from the small industrial section of the city (Site LMC-1). However,
the manhole in which this sampler was to be placed was not deep enough for the sampler
to be installed correctly. After investigating the storm sewers aligned along Union Street
it was determined that the best possible site for accessibility and sampling capability was
the intersection of Union and Center Streets (Figure 33). Although there was some
industry within this drainage area, this section of the city is predominantly residential.

The second sampling site was placed north of Sixth Street between Chicago and Liberty
Avenues (Site LMC-2). This section of the storm sewer system drains a small residential
area in northwest Madison (Figure 33).

The third and final automatic sampler was placed next to a 72-inch pipe which drains
much of main street and the downtown area of the city (Site LMC-3). This section of the
city is a mixture of some light industry, commercial and agri-business as well as some
residential areas. The pipe drains to the east, passes under a railroad track and discharges
into Memorial Creek near the Railroad Bridge.
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Figure 33. Location of urban sampling sites and nearest tributary monitoring sites within the city of Madison.




The first two automatic samplers were placed directly within the storm sewer manholes.
Also installed with the samplers were Model 730 ISCO bubbler modules used to monitor
and record the stage of the water. Once the stage reaches a designated depth called the
setpoint the sampler turns on and begins collecting the sample. Each site was assigned a
specific setpoint. The third sampler was placed in a field enclosure which was fastened to
the 72-inch concrete culvert.

The automatic samplers were installed according to the following guidelines:

1. the intake hose was located above the channel bottom in an area of well-mixed
flow.

2. the sampler was placed at the minimum height above the channel which
would allow the sampler pump to work with minimum effort.

3. the sampler was programmed to collect 1000 ml after the set point had been
reached and to collect 1000 ml every 5 minutes until a total volume of 5000
ml had been reached. The composite 5000 ml sample was collected in an ice
cooled 9.4 L container where it remained until the sampler could be serviced,
as soon as possible, by personnel from the Lake County Conservation District.

Once the composited sample had been removed from the automatic sampler, it was taken
back to the NRCS office to be processed and sent to the South Dakota Health Laboratory
to be analyzed. '

The following parameters were chosen for laboratory analysis:

Fecal Coliform TotalSuspended Solids ~Ammonia

Total Phosphorus Dissolved Phosphorus ~ Cadmium

Chromium Lead Mercury
pH

Concentrations of Parameters in Stormwater Runoff

All samples collected in 1997 were collected between May and August. The first
samples for three sites were collected on May 5, 1997 and the last samples were collected
on August 25, 1997. High levels of bacteria (fecal coliform) were found at all three sites
(Table 15). The National Urban Runoff Program (NURP) reported that urban runoff
typically contains coliform densities of 10,000 to 100,000 organisms per 100 ml.

The fecal coliform count per 100 ml ranged from 10 to 340,000, 10 to 15,000,000
(MPN), and 10 to 120,000 from Sites LMC-1, LMC-2, and LMC-3, respectively (Table
15). There are some potential health risks associated with primary (swimming) and
secondary (boating) contact recreation that takes place in water bodies exhibiting high
counts of these bacteria (USEPA, 1993). Urban samples typically contain higher
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densities of coliform bacteria. Pet and bird wastes can be sources of the increased
presence of bacteria. Organic wastes and sanitary sewer overflows can also be sources.

Total phosphorus concentrations ranged from a minimum value of 0.167 mg/L (Site
LMC-1) to a maximum value of 2.070 mg/L (LMC-3). The mean total phosphorus
concentrations from each of the city sites were significantly larger than any of the other
tributary sites that were monitored during 1995. Site BLT10 located in the Brant Lake
watershed exhibited the highest mean for the Lake Madison and Brant Lake tributary
sites (0.423 mg/L). In comparison, the largest mean exhibited from the city’s sites was
1.152 mg/L calculated from Site LMC-1 samples (Table 15). This scenario was not
observed with the total dissolved phosphorus concentrations. The mean dissolved
phosphorus concentrations for LMC-1, 2, and 3 were 0.176, 0.140, and 0.181 mg/L,
respectively. The largest concentrations for 11 tributary sites sampled in 1995 was 0.255
mg/L calculated from Site LMT4. The dissolved phosphorus concentrations for the city
sites ranged from a minimum concentration of 0.060 mg/L (Site LMC-2) to a maximum
of 0.415 mg/L (LMC-3). Urban runoff typically contains high concentrations of
nutrients. As explained earlier, nutrients encourage undesirable algal blooms. The
sources of nutrients in urban runoff are chemical fertilizers used on lawns, parks, and golf
courses as well as other chemicals from roads, sidewalks, parking lots, homes, and
commercial sites (Terrene, 1994).

Total suspended solids exhibited very high concentrations for all but two of the samples
collected during the summer of 1997. Concentrations ranged from a minimum of 12
mg/L (Site LMC-2) to a maximum of 1,636 mg/L collected from Site LMC-1 on June 30,
1997. Mean concentrations were 661, 463, and 538 mg/L for Site LMC-1, 2, and 3,
respectively. Again, the mean concentrations of the city sites were significantly higher
than any of the tributary sites sampled in 1995. Suspended solids or sediment (organic
and inorganic) are derived from many areas. Sediment loading occurs from soil erosion
and runoff from construction sites and other urban land. Urbanization increases the rate
of storm water runoff by removing vegetation changing slopes and creating impermable
surfaces (e.g. asphalt, cement, and pavement). The increased rate of runoff transports
sediment from erosion, litter and road sanding. Other pollutants such as nutrients and
metals attach to the sediment particles and are transported downstream as well (USEPA,
1993; Terrene, 1994).

To determine whether the high total phosphorus concentrations were sediment based, a
regression analysis was conducted between total phosphorus and suspended solids
concentrations. The analysis indicated that high concentrations of total phosphorus were
significantly related to high concentrations of suspended solids (R?=0.80,df=47).
Another regression analysis indicated that there was not a significant relationship
between suspended solids and the dissolved phosphorus concentrations (R*=0.06,d=42).

City mean ammonia concentrations were significantly higher than the mean

concentrations from tributary samples collected in 1995. The mean concentrations for
city sites were 0.368, 0.359, and 0.443 mg/L at Sites LMC-1, 2, and 3, respectively. The
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highest mean observed from the tributary sites in 1995 was 0.27 mg/L from the outlet of
Lake Madison (BLT8). The ammonia concentrations from the city ranged from a
minimum concentration of 0.02 mg/L. (LMC-1) to a maximum concentration of 1.170
mg/L (LMC-3). The ammonia concentrations were consistently high, in comparison to
the tributary sites, throughout the summer of 1997 as evidenced by the high mean and
median ammonia concentrations in Table 15. Urban sources of ammonia are similar to
the sources for bacteria and nutrients.

Dissolved oxygen concentrations ranged from a minimum concentration of 1.20 mg/L
(LMC-3) to a maximum of 11.80 (LMC-3) (Table 15). The mean concentrations for Sites
LMC-1, 2, and 3 were 4.96, 6.49, and 6.53 mg/L, respectively. Oxygen demanding
matter such as sediment (inorganic and organic), litter, and organic wastes, among others
create low oxygen conditions in receiving water bodies especially during periods of
warmer temperatures. In fact, a major urban runoff event into a stream can severely
deplete the creek of oxygen. In addition, the water temperature of urban runoff is
typically higher than in other forms of runoff due to the nature of the substrate, i.e.
pavement and sidewalks, which tend to warm up more faster. Higher temperatures
further reduce the ability of water to hold as much oxygen.

pH for urban samples collected in 1997 ranged from a minimum of 6.66 su (LMC-3) to a
maximum of 8.23 su (LMC-3). These values were not significantly different from
tributary samples collected in 1995.

Heavy metals analysis of all the urban samples included the following: cadmium,
chromium, lead, and mercury.

Cadmium mean concentrations were not significantly different between sites, although
site LMC-2 (predominantly residential) was slightly less. The mean concentrations for
Sites LMC-1, 2, and 3 were 0.950, 0.656, and 1.24 micrograms per liter (ug/L),
respectively. An assessment of urban Mid-Atlantic Coast runoff conducted by the
Metropolitan Washington Council of Governments indicated that an average
concentration for cadmium was 1.0 pg/L. The values collected from city of Madison
sites fall close to this average concentration. The 1985 Standard Methods states that U.S.
drinking waters reported a mean of 8.2 pg/L. Sources for cadmium can be metal
electroplating, pigments in paints, and deterioration of galvanized pipe (Terrene Institute-
Urbanization and Water Quality, 1994; Standard Methods, 1985). A cadmium
concentration of 200 pg/L is toxic to certain fish (Standard Methods, 1995).

According to the 1995 “Standard Methods for the Examination of Water and
Wastewater”, the hexavalent chromium concentration of U.S. drinking waters has been
reported to range between 3 and 40 pg/L with a mean of 3.2 ug/L. Hexavalent chromium
concentrations ranged from a minimum of 1.00 pg/L to a maximum of 1.8 pg/L collected
from Site LMC-3. The highest mean concentration of 1.12 pg/L was recorded from Site
LMC-3 as well (Table 15). There were only two observations from the entire chromium
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data set (n=27) which were greater than 1.0pg/L. Hexavaleﬁt chromium can originate
from industrial sources, as well as paint pigments and from the breakdown of galvanized
and chrome-plated products (USEPA-1993 and Terrene, 1994).

Total recoverable lead concentrations ranged from a minimum concentration of 1.00 pg/L
(LMC-2) to a maximum concentration of 109.00 pg/L. (LMC-1). The mean
concentrations for Sites LMC-1, 2, and 3 were 47.18, 16.22, and 46.62 pg/L,
respectively. LMC-1 and LMC-3 monitored areas with at least some industrial and
commercial properties. LMC-2 monitored an area of Madison dominated by a residential
area. Traffic and business related activities would not be as prevalent in that area of the
city. The data collected from the Mid —Atlantic Coast discussed previously reported
average lead concentrations for urban areas at 389 pg/L and suburban areas at 18 ug/L
(Terrene-Urbanization and Water Quality, 1994). The 1995 “Standard Methods for the
Examination of Water and Wastewater” reported that lead in natural waters averaged 5
pg/l and but concentrations reaching 400 pg/L have been recorded. Sources of lead can
be from scraping and painting bridges as well as from industrial areas and dissolution of
old lead plumbing (Terrene Institute, 1994 and Standard Methods, 1985).

Total mercury was often non-detectable at all monitoring sites (<0.2ug/L). There were
two samples with mercury higher than 0.2 pg/l. The concentration in these two samples
was 0.3 and 0.4 pg/L. Approximately 2,700 to 6,000 tons of mercury are released
annually into the atmosphere by natural degassing from the Earth’s crust and oceans.
Other sources of mercury are from the burning household and industrial wastes and coal
(Foulke, 1994).

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

Loading Calculations to Silver and Memorial Creek

The estimated area of the city of Madison used to calculate sediment, nutrient, and heavy
metal loadings to Silver and Memorial Creek was 2,215 acres. The entire city is larger
but the urban area, which is primarily drained by the storm sewer network, is located on
the eastern side of Highway 81/ Highland Avenue. The surface areas for twelve
individual zones were estimated by planimetering each zone from a 1996 zoning map of
the city of Madison (Table 16). These twelvezoned areas of the city were then placed
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into five general land use categories and their surface areas totaled (Table 17). All
residential zones were placed into residential, all industrial zones were placed into
industrial, etc.

The airport, which is located in the northeastern part of the city, was not included in this
analysis as it is not serviced by the storm sewer system. In addition, the light
manufacturing zone in the southeastern part of the city (south of Highway 34) was
excluded for the same reason.
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Table 15. Statistics for selected constituents from stormwater runoff at three sampling sites within the City of Madison collected
during the summer of 1997.

. TOTAL TOTAL

‘ RECOVERABLE HEXAVALENT RECOVERABLE TOTAL

WT DO FPH FECAL* TSS AMM Un-Amm TP TDP CADMIUM CHROMIUM LEAD MERCURY HARDNESS
SITE Statistic  °C mg/L su  /100mL mgl mgl  mgL mg/l.  mg/L ng/l* ng/l pg/l pg/l ng/l
LMC-1 Mean 215 496 757 79,144 661 0.368 0.0076 1.152  0.176 0.950 1.00 47.18 0.200 124
LMC-1 Median 240 480 7.55 40,000 550 0.430 0.0058 1.035 0.170 0.750 1.00 29.25 0.200 128
LMC-1 Min 104 3.00 7.03 10 192 0.020 0.0001 0.718  0.067 0.500 1.00 21.20 0.200 85
LMC-1 Max 250 7.60 .8.13 340,000 1636 0.960 0.0270 1.960 0.308 2.100 1.00 109.00 0.200 160
LMC-1 StDev 52 1.44 032 121,143 426 0.267 0.0073 0.407  0.059 0.562 0.00 41.42 0.000 23
LMC-2 Mean 193 649 7.67 2555780 463 0359 0.0099 0.645 0.140 0.656 1.00 16.22 0.213 118
LMC-2 Median 210 540 7.80 47,000 304 0300 0.0074 0.620 0.152 0.500 1.00 8.00 0.200 105
LMC-2 Min 9.0 440 6.71 10 12 0.120 0.0007 0.167 0.060 0.500 1.00 1.00 0.200 65
LMC-2 Max 250 10.40 8.09 15,000,000 1376 0.660 0.0266 1.340 0.209 1.500 1.00 ~ 59.20 0.300 170
LMC-2 StDev 52 2.15 045 6,097,051 466 0.200 0.0094 0.406 0.051 0.343 0.00 24.33 0.035 42
LMC-3 Mean 206 6.53 752 32,532 538 0.443 0.0077 1.001 0.181 1.240 1.12 46.62 0.220 99
LMC-3 Median 215 6.10 7.58 21,500 407 0.410 0.0061 0907 0.162 0.950 1.00 55.00 0.200 95
LMC-3 Min 13.0 120 6.66 10 70 0.140 0.0005 0.338  0.082 0.500 1.00 22.80 0.200 80
LMC-3 Max 250 11.80 8.23 120,000 1512 1170 0.0153 2.070 0415 3.000 1.80 62.40 0.400 125
LMC-3 StDev 3.7 296 053 44,809 431 0306 0.0052 0.628 0.107 0.853 0.27 17.12 0.063 12

N = 12 for LMC-1, 9 for LMC-2, and 10 for LMC-3.
* = micrograms/liter = 10-3 milligrams/liter or 106 grams/liter.
*#* = most probable number (mpn).



Table 16.
Map Landuse

Designation Zone Category
RG 20 General Residence Residential
RD 60 Duplex Residence Residential
RS 90 Single Family Residence Residential
MR Manufactured Housing Residential
HB Highway Business Commercial
BG General Business Commercial
NB Neighborhood Business Commercial
AP Airport N/A
ML Light Manufacturing Industrial
MH {Heavy Manufacturing Industrial
AG Agricultural Parks*
* = Baughman Park was the only agricultural zone classified
as a park. The remaining areas zoned as agricultural were
classified as agricultural for a total 5 land used categories.

The surface areas were required so that an estimate of the pollutant loadings from the
storm sewers for each landuse could be calculated. The method used to calculate
pollutant loadings is referred to as the “Simple Method” (Schueler, 1987 in USEPA,
1992(2)). The results obtained by this method provide some insight on potential problem
areas for cities requiring a stormwater permit as well as for those not required having a
permit. Due to the small size of Madison (2,215 acres) the entire city was assumed to be
one drainage area. Using this method pollutant loads can be expressed for alternative
time periods or on a system-wide or watershed basis.

The loadings (L) are calculated by using the following equation:

Equation 1: L,-=[(P XCF XR"‘)](C,-)(A,-)(z.n)

12
Where: L; = Annual pollutant load (Ib/yr)
P = Annual precipitation (in/yr)
CF = Correction factor that adjusts for storms where no runoff
occurs (a value of 0.9 is typically used)
Rv; = Weighted-average runoff coefficient for the landuse area
C; = Event-mean concentration of pollutant (mg/L)
Aj = Catchment area (acres)

The numbers 12 and 2.72 are unit conversion factors.
Each of the i)arameters in Equation 1 are defined in the USEPA (1992). The annual

precipitation in 1995 and 1997 recorded from the weather station two miles east of
Madison was 33.34 and 20.19 inches, respectively.
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The weighted-average runoff coefficient is a measure of the percentage of rainfall that
becomes surface runoff (% imperviousness). To determine a runoff coefficient, Equation
2 in USEPA 1992(2) discussed below was used.

Equation2: Rv; =0.05+0.009x1I
Where: Rv; = Weighted-average runoff coefficient
I = Percent imperviousness

The percent imperviousness for each of the five landuse categories was estimated by
using literature values found in USEPA 1992(2) and Table 17.

Table 17

% of % Runoff
Landuse |Acres [Total Area [Impervious |Coefficient*
Commercial [180.91 |8.17 75 0.725
Industrial  {223.82 |10.11 55 0.545
Residential [1657.49 |74.85 24 0.266
Agricultural {100.62 |4.54 15 0.185
Parks 51.62 2.33 15 0.185
Total 2214.46 |100
* = Calculated using Equation 3.

To calculate the event-mean concentration of an individual pollutant (Ci), three different
event-mean values were used. The minimum, maximum, and mean concentrations for
each of the parameters described previously were used to give a range of storm sewer
loadings to Silver and Memorial Creek. The three concentrations were based on the
concentrations from the samples collected in 1997.

The entire area of the city of Madison (2,215 acres) was used as the catchment area (47).

Estimated Loadings from the City of Madison

The loadings from the city of Madison were estimated using the method above. Two
tables show the total loadings using two separate years of rainfall data. All of the urban
samples collected in 1997 were used with the rainfall data in 1995 and 1997 to determine
what kind of an effect the differences in rainfall would have on the total loadings. In
addition, the mean, minimum, and maximum concentrations from all of the samples
collected in 1997 were used to develop a minimum, maximum and mean loading for each
pollutant in each landuse category (Tables 18 and 19).

Loadings from each landuse category were totaled in Tables 18 and 19. The total
phosphorus loading rate, using the total phosphorus mean concentration of 0.995 mg/L,
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was 4,889 1bs using the 1995 rainfall data, versus 2,9611bs using the 1997 rainfall data
(Tables 18 and19). This is why a range of loadings is given using the minimum and
maximum concentrations. The loading rate from the city of Madison should fall within
this range. The reason for using this range is the high variability in concentrations that
can occur in urban runoff due to the variability in rainfall.

In Table 20 below, the 1995 loadings calculated from Sites LMT2, LMT3, and LMT4
were summed for four individual pollutants. Those sites monitored a small tributary
northwest of the city, Memorial Creek north of Madison, and Silver Creek. The total
loading rate at the above three sites was subtracted from the loadings at Site LMT5 which
is located approximately one mile southwest of the city on Silver Creek. An increase of
2,951 Ibs of total phosphorus was observed between the upstream sites and Site LMTS5
during 1995 (23,954 — 21,003 = 2,951). This increase of 2,9511bs falls well within the
range developed using the simple method described previously. :

The only parameter which decreased in loadings between the upstream and downstream
sites was ammonia. As discussed earlier in this report, nitrogen loadings decreased
between the upstream sites and Site LMT5. This may be due to the effect of the Skunk
Creek aquifer recharge that occurred during the spring of 1995. Nitrogen is very soluble
and entered the aquifer during the spring of the year which resulted in the loading loss in
surface water measurements.

In order to determine the effect of urban loadings on Lake Madison, the loadings
described above (Site LMT5 minus Above City) were divided by the total 1995 loadings
for Site LMT6 (inlet to Lake Madison). As is indicated on Table 20, the estimated
contribution of the City to the load of Site LMT6 is 15% for suspended solids, 13% for
total phosphorus, and 9% for dissolved phosphorus. This is significant when it is taken
into consideration that Site LMT6 constitutes over 90% of the suspended solids and
phosphorus budgets to Lake Madison. If rerouting of the storms sewers is implemented
or other best management practices are installed to significantly reduce or eliminate the
loadings from the city, to the lake this will help in reaching a 40-50% reduction in overall
phosphorus loadings to Lake Madison.
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Table 18. Estimated annual loads of selected constituents or properties

1995|Method Suspended Total Dissolved
for Estimating Surface |Solids Ammonia |[Phosphorus |Phosphorus [Cadmium (Chromium |Lead |Mercury (Hardness
Land Use |Annual Loads Area  |Lbs lbs Lbs Ibs Ibs Ibs lbs Ibs lbs
Commercial [Simple: minimum 180.91 10705 18 149 54 446 892 892 178 57984
Simple: maximum 1459418 1044 1891 624 2676 1606| 97235 357] 294381
Simple: mean 522588 367 888 168 884 928| 35744 187 111796
Industrial  |Simple: minimum 223.82 9956 17 139 50 415 830 830 166 53927
Simple: maximum 1357296 971 1759 581 2489 1493| 90431 332 273782
Simple: mean 486020 341 826 156 822 863| 33243 174] 103973
Residential [Simple: minimum | 1657.49 35984 60 501 180 1499 2999 2999 600| 194913
Simple: maximum 4905820 3508 6357 2099 8996 5398 326855 1199| 989560
Simple: mean 1756674 1232 2985 565 2971 3121{ 120153 629 375801
Agricultural |Simple: minimum 100.62 1519 3 21 8 63 127 127 25 8229
Simple: maximum 207126 148 268 89 380 228| 13800 51 41780
Simple: mean 74168 52 126 24 125 132 5073 27 15866
Parks & Simple: minimum 51.62 779 1 11 4 32 65 65 13 4222
Recreation [Simple: maximum 106260 76 138 45 195 117] 7080 26 21434
Simple: mean 38049 27 65 12 64 68| 2603 14 8140
Totals Simple: minimum | 2214.46 58943 98 820 295 2456 4912] 4912 982| 319276
Simple: maximum 8035920 5747 10413 3438 14736 8841| 535401 1965| 1620937
Simple: mean 2877499 2018 4889 926 4867 5112| 196815 1030 615576
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Table 19. Estimated annual loads of selected constitutents or properties

1997|Method Suspended Total Dissolved
for Estimating Surface |Solids Ammonia (Phosphorus [Phosphorus |Cadmium |Chromium |Lead Mercury |Hardness
Land Use Annual Loads Area |lbs Ibs Lbs Ibs Ibs Ibs Ibs Ibs Ibs
Commercial [Simple: minimum 180.91 6483 11 90 32 270 540 540 108 35114
Simple: maximum 883793 632 1145 378 1621 972 58883 216 178271
Simple: mean 316468 222 538 102 535 562 21646 113 67701
Industrial Simple: minimum 223.82 6029 10 84 30 251 502 502 100 32657
Simple: maximum 821950 588 1065 352 1507 904 54763 201 165797
Simple: mean 294323 206 500 95 498 523 20131 105 62964
Residential  [Simple: minimum | 1657.49 21791 36 303 109 908 1816 1816 363 118035
Simple: maximum 2970861 2125 3850 1271 5448 3269 197936 726 599257
Simple: mean 1063805 746 1808 342 1799 1890 72762 381 227577
Agricultural |Simple: minimum 100.62 920 2 13 5 38 77 77 15 4984
Simple: maximum 125431 90 163 54 230 138 8357 31 25301
Simple: mean 44914 32 76 14 76 80 3072 16 9608
Parks & Simple: minimum 51.62 472 1 7 2 20 39 39 8 2557
Recreation  |Simple: maximum 64349 46 83 28 118 71 4287 16 12980
Simple: mean 23042 16 39 7 39 41 1576 8 4929
Totals Simple: minimum | 2214.46 35695 59 497 178 1487| 2975 2975 595 193347
Simple: maximum 4866383 3480 6306 2082 8924 5354 324227 1190| 981605
Simple: mean 1742552 1222 2961 561 2948 3096, 119187 624| 372780




Table 20. Total Loadings for 4 pollutants| TSS AMM TP TDP
from the City of Madison Ibs/yr Ibs/yr Ibs/yr Lbs/yr
Above City - Sum of LMT2, 3, &4 2912107 4722 21003 10489]
CITY Load - 1995 Mean Conc 2877499 2018 4889 926
CITY Load - 1995 Min Conc 58943 98 820 295
CITY Load - 1995 Max Conc 8035920 5747 10413 3438
Site LMTS5 (below the City) 3657974 4085 23954 11335
City = (Above City minus Site LMTS5) 745867 -637 2951 846
Site LMT6 5037647 3597 23351 9671
% of Site LMT6 Load = (City/LMT6)*100 15% -18% 13% 9%
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INLAKE DATA

METHODS AND MATERIALS

Nutrient and other chemical/physical parameters were sampled at four inlake sites in
Lake Madison and two inlake sites in Brant Lake (Figure 34). The South Dakota State -
Health Laboratory in Pierre, SD analyzed all samples. Samples were collected from the
surface and bottom of the lakes on a bi-monthly schedule except during periods of unsafe
ice cover. An exception to the above mentioned schedule was for site LM1A which was
sampled from the surface only due to shallow water depth at a frequency of once a
month. The purpose of these samples was to assess ambient nutrient concentrations in
the lakes and identify trophic states. All samples were collected and analyzed using the
methods described in the field manual entitled: South Dakota Standard Operating
Procedures for Field Sampler.

A water quality sample set analyzed by the State Health Laboratory consisted of the
following parameters:

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

* Chloride samples were collected at Site LMI1A only and intended as a marker
parameter for human waste.

Water quality samples which were calculated from the parameters analyzed above were:
Unionized Ammonia Organic Nitrogen
Total Dissolved Solids Total Nitrogen

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

Field pH Secchi Depth

The biological parameters are listed below:
Chlorophyll a Algal Samples

The chlorophyll a samples were used with the phosphorus and secchi disk data to
evaluate eutrophic trends in the lakes. The hydrologic and nutrient budgets were used to
estimate lake response to reduced phosphorus inputs. The model, taken from Wetzel
1983, is actually a model derived by Vollenweider and Kerekes, 1980.

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

pH is an index of how acidic or basic a solution is through the measurement of the
hydrogen ion concentration. The pH of typical calcareous water is the result of the ratio
of hydrogen ions (arising from the two dissociations of carbonic acid) to hydroxyl ions
(provided by the hydrolysis of bicarbonate and carbonate). The importance of
photosynthesis is obvious here, as plants and algae can successively absorb COy, and
eliminate bicarbonates, precipitate carbonates, and form hydroxyl ions. All these events
can account for rises in pH. Also extra hydrogen ions created from decomposition will
tend to lower the pH in the hypolimnion. Decomposers (bacteria) will use oxygen to
break down organic material into simpler inorganic forms. The lack of light in the
hypolimnion prevents plant growth or photosynthesis, so no additional oxygen can be
created. Typically, a high decomposition rate lowers oxygen concentrations and pH in
the hypolimnion.

Dissolved oxygen (DO) is another important physical variable that is involved in two
activities within an aquatic system. The first activity is respiration where oxygen is
required to produce or maintain biomass for the entire aquatic community. The second
activity is the biodegradation process where it used break down organic substances (Cole,
1983). Lack of oxygen can put great stress on the system sometimes resulting in the
death of organisms such as fish (winterkill and summerkill). Oxygen is input into the
system through the air-water interface by the process of diffusion and through
photosynthesis conducted by algae and aquatic macrophytes.

Alkalinity refers to the buffering capacity of a solution, and is usually identified as mg/L
of CaCOs (calcium carbonate). Carbonates and bicarbonates allow the water to adjust to
the pH and never allow the pH to become to acidic. The formal definition of alkalinity is
the capacity of water to accept protons (H"). Alkalinity acts as a pH buffer and stores
inorganic carbon which helps water support algal growth and other aquatic life
(Manahan, 1990). The range of alkalinity values in natural environment is usually from
20 to 200 mg/L (Lind, 1985).

Total solids is the material left after evaporation of a sample subsequent to the sample
drying in an oven. Total suspended solids is the portion that is retained by a filter and the
dissolved solids is the fraction which passes through the filter (Standard Methods, 1985).
Subtracting the suspended solids from the total solids yields the total dissolved solids
concentration.

Ammonia is the initial product of the decay of organic wastes and is also the form in
which plants can easily use (Manahan, 1990). High levels of ammonia could also
indicate the presence of organic wastes or pollution.

Un-ionized ammonia (NH4OH) can be highly toxic to many organisms, especially fish
(Wetzel, 1983).  Un-ionized ammonia is calculated from the total ammonia
concentrations (mg/L), pH (su) and water temperature (°C). Increases in temperature and
pH usually result in an increase in the un-ionized ammonia concentrations. The
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concentration of total ammonia is variable, seasonal and spatially within each lake. The
amount of total ammonia and un-ionized ammonia present also depends on how
productive the lake is and how much organic material is present (Wetzel, 1983).

Nitrate and nitrite are inorganic forms of nitrogen. Both nitrate+nitrite and ammonia are
the forms of nitrogen most easily assimilated by aquatic plants and algae (Wetzel, 1983).
Sources of nitrate can include agricultural fertilization, loadings from septic tanks,
sewage and industrial wastes, and the atmosphere. Ammonia (NH;) can be biologically
converted into nitrate (NO3) through nitrifying bacteria (Nitrosomonas). Bacteria are
also responsible for denitrification which takes place when nitrate and nitrite are
converted to N, which is lost as nitrogen gas to the atmosphere (Manahan, 1990).

Total Kjeldahl nitrogen (TKN) is used to calculate both organic nitrogen and total
nitrogen. Total Kjeldahl nitrogen minus ammonia equals organic nitrogen. Total
Kjeldahl nitrogen plus nitrate and nitrite are equal to total nitrogen. Organic nitrogen can
be released from decaying organic matter or it can enter the lake system from septic
systems or agricultural waste. Organic nitrogen is broken down to usable ammonia and
other inorganic forms of nitrogen.

Phosphorus concentrations greater than 0.02 mg/L indicate that a lake is eutrophic and
may experience some algal blooms (Wetzel, 1983). The interest in phosphorus stems
from its major role in biological production, which in this case means algal blooms.
There are various chemical forms of phosphorus present in the lake environment.
However, during the project only two forms were measured: total phosphorus and total
dissolved phosphorus. The most important measure is the total phosphorus content of
unfiltered water. It consists of phosphorus in the particulate form and in the dissolved
form. Total phosphorus minus dissolved phosphorus equals the particulate form (Wetzel,
1983). Particulate phosphorus is sorbed to sediment or is found locked within vegetation
which uses phosphorus to create more biomass. Phosphorus differs from nitrogen in that
it is not as water-soluble and will sorb on to sediment and other substrates. Once
phosphorus sorbs to any substrate it is not readily available for uptake by algae.
Phosphorus sources can occur naturally in the geology and soil, and from decaying
organic matter; or derived from waste septic tanks or agricultural runoff. When
phosphorus enters a lake it is either consumed by the organic matter in bioproduction or it
is lost to the sediments of the lake. The sediment layer of a lake will not give up the
phosphorus unless an anoxic (complete loss of oxygen) condition prevails, resulting in
the reduction of the redox potential of the microzone. The phosphorus is then released
from the sediment into the water column to be used by algae and other aquatic and semi
aquatic vegetation even though the lake does not stratify.

Total dissolved phosphorus is the fraction of total phosphorus that is readily available for

use by algae. Dissolved phosphorus will sorb on to suspended material if they are present
in the water column or it may be immediately taken up by algae and aquatic plants.
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WATER QUALITY DISCUSSION

South Dakota Water Quality Standards

Lake Madison and Brant Lake have been assigned the following water quality beneficial

uses:

(4) Warmwater Permanent Fish Life Propagation
(7) Immersion Recreation

(8) Limited Contact Recreation

(9) Wildlife Propagation and Stock Watering

In the case when the above uses have different standard limits for the same parameter, the
most stringent standard is applied. Table 21 indicates the most stringent standard limits
for Lake Madison and Brant Lake for the parameters analyzed in this study.

Table 21. Lake Madison and Brant Lake Beneficial Use Criteria

* %k

kK%

Parameter Limits
Un-ionized Ammonia** <0.04 mg/L
Dissolved Oxygen* > 5.0 mg/L

pH* > 6.0 and <9.0 su
Suspended Solids** <90 mg/L

Total Dissolved Solids** | <2500 mg/L
Temperature* <26.67°C

Fecal Coliform*** <400/100 ml (grab sample)
Alkalinity** <750 mg/L
Nitrates <50 mg/L
Sulfates <500 mg/L

A variation allowed under subdivision 74:03:02:32(1) — The applicable criterion is to be
maintained at all times.

A variation allowed under subdivision 74:03:02:32(2) — The applicable criterion is to be
maintained at all times based on the results of a 24-hour representative composite sample.
The numerical value of a parameter found in any one grab sample collected during any 24-
hr period may not exceed 1.75 times the applicable criterion.

Fecal Coliform from May 1 to September 30 may not exceed a concentration of 200 per
100 ml as a geometric mean based on a minimum of 5 samples obtained during separated
24-hr periods for any 30-day period, and they may not exceed this value in more than 20
percent of the samples examined in the 30-day period. They may not exceed 400 per 100
ml in any one sample from May1 to September 30.

Because of the excess nutrients entering the Lake Madison system, there were numerous
exceedances for various parameters for both lakes during the course of the project. There
were a total of 19 un-ionized ammonia exceedances documented in Lakes Madison and
Brant, fourteen from Madison and five from Brant. The maximum exceedance exhibited
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for Lake Madison and Brant Lake was 0.137 mg/L and 0.088 mg/L, respectively. All of
the un-ionized ammonia exceedances occurred during July and August, 1995, when
higher water temperatures and pH values were observed. Temperature values ranged
from 21.8 to 25.5°C and the pH values ranged from 8.28 to 8.99 for the samples that
exhibited un-ionized ammonia exceedances. Un-ionized ammonia increases with
increasing temperature and pH. Although the pH values were not the maximum values
observed during the project they were relatively high as indicated by the range. But
coupled with higher temperatures this resulted in the exceedances for un-ionized
ammonia.

pH is another parameter subject to the water quality standards assigned to Lake Madison
and Brant Lake (Table 21). Most of the pH exceedances during this study can be
attributed to algal blooms. This was the case for the surface samples. This indicates that
most of the pH exceedances can be attributed to increases in algal photosynthesis. There
were 29 documented exceedances from Lake Madison and Brant Lake. A number of
these exceedances were surface and bottom samples collected on the same date.
Stratification does not occur in the two lakes. They are continually well-mixed and
relatively shallow wind-swept prairie lakes. Photosynthesis can take place in most of the
water column. Appendix 2 lists the exceedances for the parameters that are subject to
water quality standards.

There were nineteen observations for dissolved oxygen that were below the standard of
5.00 mg/L. There were only two observations on Brant Lake which were lower than 5.0
mg/L. One sample from each site (Sites BL4 and BL5). These samples were collected
from the bottom on separate dates during the summer sampling period, July 11 and Aug
22, respectively.

The seventeen observations that occurred in Lake Madison during 1995 were recorded
from all sites. Eleven of the 17 occurred during January and February of 1995. This is a
winterkill situation for fish in which snow covers over ice and prevents sunlight from
penetrating. The limited amount of photosynthesis that takes place during the winter is
reduced even more, resulting in anoxia. This is the same phenomenon that occurs during
the summer. Summerkill occurs when there is not enough oxygen produced to maintain
the high rate of biodegradation due to the tremendous amount of organic matter (algae
blooms). Biodegradation uses oxygen in the chemical breakdown of organic matter and
occurs year round in an area called the microzone. This microzone usually lacks oxygen
because there is no replenishment of oxygen this close to the sediments. Due to this lack
of replenishment, oxygen concentrations stratify in a narrow band immediately above the
sediment in the summer during extremely stagnant periods. During periods of low
oxygen, ammonia may increase since it is a product of the chemical reactions involved
with biodegradation. At these times ammonia did increase but did not exceed 1.0 mg/L.
Another phenomenon requiring oxygen is termed respiration. Plants and algae require
some oxygen to maintain their biomass 24 hours a day (respiration). During the night
aquatic vegetation and algae do not produce oxygen and this can result in reduced oxygen
conditions.
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There was one exceedance of the temperature standard for Brant Lake and no
exceedances for Madison. A temperature of 27°C was recorded on July 11, 1995 at the
surface of Site 5.

One fecal coliform sample was collected from site LM-1A (Bourne Slough) on June 26,
1995 that exceeded the fecal coliform standard. The concentration 550 colonies per 100
ml exceeded the grab sample standard of 400 coliforms/100ml. On June 28, 1995 a
sample was collected from Site LMT6 located on Silver Creek just as it enters Bourne
Slough. The fecal coliform concentration was 4,200/100ml. There was possibly some
livestock located in the pasture to the west of Highway 19 at this time. There was also a
high nitrate-+nitrite concentration collected from LMT6 from this date (1.5 mg/L). All
water quality exceedances are listed in Appendix 2.

Lake Madison Inlake Water Quality

During the study period, a total of 204 samples were collected from Lake Madison,
Round Lake, and Brant Lake. This does not include the quality assurance and quality
control (QA/QC) samples collected during the project. There were four sampling surface
and three bottom sites on Lake Madison and two surface and bottom sampling sites on
Brant Lake. One surface sample was collected from Round Lake.

In addition to the 204 samples collected during this project, there was also historic data
available for Lake Madison and Brant Lake collected during the statewide lakes
assessment during 1989, 1991, and 1992. The following sections will discuss each
individual lake and individual parameters.

Lake Madison

Lake Madison is a 2,799.3 acre (1,132.9 ha) natural (glacial) lake located in Lake
County, South Dakota. Estimated volume of the lake is 27,153 acre-ft (3.350x10’ m’).

The water temperature of Lake Madison is important to its biology and can be a factor in
periodic algal blooms. Some blue-green algae are much more tolerant of higher
temperatures than other algae (Wetzel, 1983). The range of temperatures from low
winter to high summer temperatures results in changes in seasonal algal populations.
Diatoms are usually found during lower water temperatures and blue-greens are often
found during higher temperature periods (Wetzel, 1983).

The average summer surface water temperature for Lake Madison was 21.5°C and near
the bottom was 21.1°C (Table 22). This is common for a shallow prairie windswept lake
such as Lake Madison. At no time during the study period did Lake Madison stratify.
Lake Madison has a mean depth of 9.7 ft (3.0 m), which is too shallow for enduring
thermal stratification. Temperature and oxygen profiles are shown in Appendix A. The
summer sampling period was June through September.
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Average DO concentrations from all Lake Madison surface sites was 8.52 mg/L whereas
the bottom concentrations were slightly less at 7.55 mg/L. The minimum concentration
recorded during the monitoring of 1994 and 1995 was 2.90 mg/L. This low concentration
was observed on 2/21/95, the late winter period. During winter, snow cover can prevent
sunlight from penetrating ice, reducing or stopping photosynthesis. The metabolic rates
of fish and other aquatic organisms are reduced during the winter; but these organisms
still have to utilize some oxygen so that, when combined with the oxygen used by the
biodegradation process, may result in depletion of water oxygen supplies. Near the
microzone of the water and the surface of the sediments oxygen is reduced because this is
the area in which most of the biodegradation occurs. The temperature and oxygen
profiles shown in Appendix C illustrate the typical nature of both Lake Madison and
Brant Lake. Anoxia (zero O,) was not observed during the project but these conditions
do exist and Lake Madison does have a history of becoming anoxic resulting in fish kills.

As in various other lakes within this ecoregion and in eastern South Dakota lakes in
general, the predominant forms of algae within Lake Madison during the summer are
blue-green algae. As discussed below, the predominant species in the samples collected
from Lake Madison during June 26,1995, was Aphanizomenon flos-aquae. These blue-
green blooms can create super-oxygenated conditions but can also undergo respiration,
reducing oxygen levels even more during the evening and dark hours.

Blue-green algae dominated in Lake Madison and Brant Lake on two of three seasonal
sampling dates (Appendix C). Much less common were flagellated (motile) algae from
several phyla, diatoms, and non-motile green algae, in order of importance. This
relationship biologically indicates that the two adjoining lakes are highly eutrophic. of
the bluegreen algae identified, the filamentous taxon Aphanizomenon flos-aquae was the
dominant form present during the study period. Aphanizomenon are commonly identified
as problem algae related to eutrophication, taste and odor problems, toxicity and aesthetic
nuisance (Taylor, 1974).
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Table 22. Descriptive Statistics for the Lake Madison Inlake Sampling Sites, 1995,
Un-Chl-a*  |Cor-Chl-a* |WT DO FpH FEC  |TALK |TS TDS |TSS |AMM |UN-AMM | NO3+2 |[TKN |O-N |T-N TP TDP
mg/m3 mg/m3 C mg/L  |su /100ml jmg/LL  |mg/L  |mg/L |mg/L |mg/L |mg/L mg/L mg/L |mg/L |mg/L mg/L mg/L
LMI1A Mean 148.85 146.13 13.4 8.02 8.22 72 205 1363 1321 421 0.16 0.0036 0.72| 243 228 3.15 0.346 0.094
Surface Median 134.89 124.01 14.8 7.60 8.22 10 176 1261 1211 38 0.02 0.0020 0.10] 244 242 3.02 0.328 0.047
Minimum 12.40 10.84 1.0 320 6.07 10 154]  1148] 1080 3] 0.02 0.0001 0.10] 128} 0.73 .70} 0.174 0.011
Maximum 408.55 413.59 26.0] 13.20 9.08 550 319] 1881 1878] 82| 0.63 0.0113 3.70] 4.00] 398 5.00] 0.523 0.366
StDev 126.65 132.72 94| 359 0.87 154 63 247 267 27| 024 0.0035 123 085 1.03 097} 0.132 0.107
LM1 Mean 62.13 59.23 140] 873 827 25 168 1041 1025 16] 030 0.0203 023] 221 1.90 244] 0.283 0.221
Surface Median 39.51 3035 16.0] 8.90 823 10 175 1045] 1044 12| 028 0.0086 0.10] 196] 151 2261 0276 0.210
Minimum 0.33 0.72 0.0f 4.60] 639 10 0 880 840 1 0.02 0.0001 0.10] 117} 115 1271 0.108 0.010
Maximum 291.12 305.62 26.0] 13.60 9.11 210 230] 1364 1333} 40| 0.82 0.1207 0.80] 457 429 467 0.540 0.701
StDev 74.64 78.43 87 234 0.70 49 48 130 132 11} 027 0.0315 0.19] 092] 094 087 0.127 0.167
LM1 Mean 13.9] 741 825 50 177 1050 1031 191 034 0.0216 0.25] 194 160 2.19| 0273 0.199
Bottom Median 14.0] 720 8.26 10 172 1054 1050 15| 031 0.0112 0.10] 198] 145 2.16] 0.282 0.218
Minimum 25| 330 6.90 10 129 906 853 2| 0.02 0.0005 0.10] 1.02] 1.00 112} 0.118 0.010
Maximum 253] 13.60 9.13 340 237 1377] 1365 60| 0.88 0.1374 090 323} 264 3.53] 0450 0.365
StDev 8.1 2.63 0.56 104 28 133 139 16] 030 0.0345 0.25] 0.56] 046 0.55] 0.104 0.112
LM2 Mean 79.55 82.53 139 881 833 10 175 1020] 1004 16| 024 0.0152 0.17] 2.12] 188 228] 0257 0.169
Surface Median 44.56 46.97 15.0] 820 8.48 10 169 1049] 1044 131 013 0.0058 0.10} 185 1.63 2.03] 0276 0.198
Minimum 0.00 0.00 1.0 340 6.02 10 142 859 841 31 0.02 0.0000 0.10] 0.72] 0.70 0.82] 0.079 0.020]
Maximum 470.68 454.45 252 1440 9.42 10 231 12241 1219} 54| 074 0.1034 0.30] 596] 594 6.06] 0.430 0.293
StDev 113.19 112.46 86| 253 0.82 0 27 109 108 12 025 0.0250 0.09] 1.08] 112 1.06/ 0.100 0.095
LM2 Mean 1391 764 829 10 173 1021 1005 16| 0.28 0.0190 0.17} 172 144 190 0255 0.194
Bottom Median 14.0 7.60 8.49 10 166 1027 1021 111 021 0.0068 0.10} L75 1.39 1.95 0.286 0.223
Minimum 30 290 6.44 10 104 838 849 2| 0.02 0.0002 0.10] 1.08] 094 1.18]  0.085 0.010
Maximum 250 1220 9.17 10 239  1226] 1218} 42| 0381 0.1003 0.30] 246] 221 2.66f 0413 0.325
StDev 791 231 0.67 0 31 103 106 111 025 0.0264 0.09] 040 034 0.43]  0.091 0.102
LM3 Mean 45.26 46.36 13.8 8.38 8.32 17 166 1007 995 1} 023 0.0139 0.16] 1.83 1.59 1.99] 0223 0.165
Surface Median 22.11 20.95 16.0 8.00 845 10 167 1009 1003 12} 0.05 0.0031 0.10f 179 1.54 202 0242 0.196
Minimum 033 0.00 1.0 3.80 7.05 10 0 864 852 2] 0.02 0.0005 0.10] 1.07 1.05 1.17 0.085 0.013
Maximum 222.44 22542 250 1420 9.27 90 230 1170 1163 241 0.74 0.0822 030] 270 2.57 2.80] 0486 0316
StDev 56.63 57.94 85| 242 0.71 19 48 90 91 6] 026 0.0213 0.09] 043] 038 046] 0.095 0.096
LM3 Mean 1391 7.6l 833 16 177} 1011 998 131 027 0.0159 0.15] 1.76] 149 1911 0236 0.173
Bottom Median 140 750 8.45 10 170  1010{ 1002 10| o0.11 0.0040 0.10] 1791 140 1921 0253 0.193
Minimum 351 340 725 10 149 875 845 2| 0.02] - 0.0006 0.01} 1.18 099 1.281 0.089 0.010
Maximum 250 14.60 9.25 110 235 1200f 1191 40| 0.84 0.1186 030} 273 232 2.83] 0433 0.307
StDev 78] 266 0.58 24 26 94 98 10 029 0.0281 0.09] 045| 033 0.50]  0.096 0.094
* Corrected and Uncorrected Chlorophyll a concentrations collected from the surface sites only.




pH

There were three observations in the
months of January and February in
which the pH decreased to 7.00 or "

below (Figure 35). In fact, the lowest N —
observed pH was collected from site . \a v

the surface at Site LM2 (pH = 6.02) .
(Table 22). During these periods the i’ \Xwﬁ
dissolved oxygen concentration was §

reduced and the lake began to go
anoxic although the dissolved oxygen
concentrations never dropped below D o
3.0 mg/L. The lack of light (snow i

cover) reduced the photosynthetic  Figure 35. pH measurements from Lake
activity resulting in lower dissolved Madison, 1994-95.

oxygen levels.

s

Most of the samples collected, exclusive of the January and February samples, exhibited
an average pH of 8.49 which is typical of most eastern South Dakota lakes. The samples
collected in January and February were collected at a particular time of year when anoxia
frequently occurs which can create a more acidic environment.

Alkalini
—"‘_tz Table 23. Dissolved oxygen and total alkalinity
concentrations and pH measurements for all Lake

The mean concentration for bottom samples Madison inlake sampling sites sampled on 1/03/95.

was 176 mg/L whereas the mean surface Site. |D.O.(mg/L)] pH(u) [TALK(mg/L)
concentration was 180. There was no LMIA 34 6.07 319
significant difference between the surface and LMIB 65 6.90 222
bottom samples. The mean for Site LMT1A LM2B 738 644 216
(Figure 34) was slightly higher than the rest LM3B 46 7.30 219
of the sites (mean = 205.1 mg/L). The range LMIS 8.9 6.39 219
for the bottom sites was 104 — 239 mg/L LM2S 82 6.02 223
whereas the range for the surface sites LM3S 76 7.05 217

including sitt LMT1A was 127-319 mg/L.

Site LM1A exhibited the most variation

where the range was 154 to 319 mg/L. The alkalinity in Lake Madison is relatively
stable except for the instances that occurred during January when the alkalinity climbed
to 319 mg/L (Table 23). The remaining sites (both bottom and surface) ranged from 104
to 239 mg/L (Table 22). There was some seasonality associated with the alkalinity, i.e. a
gradual increase in concentrations during the late fall in winter. However, the
concentrations gradually decreased during spring to the same point they were during the
prior year.
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Total Solids

Dissolved solids averaged 1,017.5 mg/L for bottom samples and 1,066.1 mg/L for surface
samples. A significant difference was not observed between surface and bottom sites.
Concentrations at Site LM1A were significantly larger than at the other inlake sites.
Dissolved solids are typically made up of salts and compounds which keep the alkalinity
high. A regression analysis was conducted between total dissolved solids and total
alkalinity. Interestingly, a very strong relationship existed between these two variables
only at Site LM1A (R2 =0.86, DF=12). This may indicate that groundwater may be
having an impact on the water quality of Bourne Slough and may be the reason why the
pH dropped during the month of January due to the addition of more carbonates and
dissolved material contributed by the groundwater. Another regression analysis was
conducted on the remaining three surface and bottom sites and this regression analysis
revealed an insignificant relationship (R?=0.002, df=56).

Total suspended solids averages for surface and bottom sites were 19.6 mg/L and 15.6
mg/L, respectively. However, if Site LM1A is not included in the calculation for the
surface mean, the mean concentration drops to 14.5 mg/L. The TSS average at Site
LMIA is significantly larger than at the rest of the sites (Table 22). This is primarily
caused by the shallow depth of Bourne Slough (=4 ft). Bourne Slough is filled with fine
sediment and organic matter that is easily suspended during windy days. Of the eleven
samples collected on Bourne Slough only three samples were below 15 mg/L. These
three samples were collected during the months of January and February when the slough
was completely iced over. The suspended solids increased after the ice melted in late
March. In fact a concentration of 68 mg/L was observed in the sample collected on April
5, 1995.

Ammonia

Ammonia levels were not significantly different between sites or between bottom and
surface samples (Table 22). However, the bottom samples were slightly higher at 0.29
mg/L. The mean concentration for the surface sites was 0.24 mg/L. The decomposition
rate of organic matter in bottom sediments of the lake is greater than the decomposition at
the surface, and is probably responsible for the increased ammonia concentrations (Cole,
1983). The maximum concentrations occurred during two periods. One period was
during January and February when biodegradation occurred under the ice and as a result
the oxygen became substantially decreased. The decomposition resulted in higher levels
of ammonia. The second period occurred during the summer when increased rates of
algal and vegetation growth occur. Algal blooms die off creating lower levels of oxygen
and increased levels of ammonia as the algae begin to decompose. The maximum
concentration for all sites was 0.88 mg/L collected from the bottom of Site LMI on
January 24, 1995 (Table 22).
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Un-Ionized Ammonia

There were several exceedances of the 0.04 mg/L standard as discussed previously. The
maximum concentration observed from Lake Madison was 0.1374 mg/L (Table 22). This
sample was collected from the bottom of Site LM1 on August 21, 1995. All sites (bottom
and surface) exhibited their maximum concentrations during late July and August
excluding Bourne Slough which exhibited its maximum concentration in June. The
concentration of un-ionized ammonia increased with the higher temperatures and pH
associated with the summer months. There were no significant differences exhibited
between sites or between bottom and surface samples for this parameter (Table 22).

Nitrate and Nitrite

The concentrations of nitrate+nitrite in Lake Madison and/or Brant Lake ranged from 0.1
to 3.7 mg/L. There were no significant differences between surface and bottom sites.
However, the mean nitrate+nitrite concentration from Site LM1A was significantly larger
than the rest of Lake Madison’s sites (0.715 mg/L) (Table 22). During the months of
January and February there was a slight increase in concentrations (from 0.1 to 0.3 mg/L)
for all of the inlake sites excluding Site LM1A. Site LM1A had a much larger increase in
NOs.+, from 0.1 to 3.7 mg/L. With the increase of ammonia and reduction of oxygen
concentrations nitrates+nitrites will also buildup as the reduced photosynthetic rates do
not allow as much ammonia or nitrates to be taken up by algae (Wetzel, 1983).

The range of concentrations exhibited by the rest of the inlake sites, excluding Site '
LM1A, was from 0.1 to 0.9 mg/L. Nitrate concentrations can decrease sharply during
late spring and summer because of algal uptake. But with reduced uptake by plants in the
fall and continued biodegradation, an increase in ammonia and nitrates may take place.

Total Kjeldahl Nitrogen / Organic Nitrogen

In regard to organic nitrogen levels, Site LM1A was again significantly different from the
main part of the lake. Because of the larger amounts of vegetation within Bourne Slough,
organic nitrogen was higher. Organic nitrogen means ranged from a minimum of 0.94
mg/L at the bottom of Site LM2 to a maximum concentration of 5.94 mg/L at the surface
of Site LM2 (Table 22). The highest concentration of organic nitrogen (5.94 mg/L) was
sampled at the surface of LM2 on July 11, 1995. The surface samples had higher
concentrations than the bottom samples due to the amount of organic matter (algae) near
the surface. Near the bottom the organic matter was converted into other forms of
nitrogen.

Total Nitrogen

Concentrations were quite varied between surface and bottom sites. ~Minimum
concentrations were as low as 0.82 mg/L whereas the maximum concentrations ranged as
high as 6.06 mg/L collected from the surface of Site LM2. The highest average
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concentration occurred from the surface samples collected from Site LM1 (2.44 mg/L).
These concentrations followed very similar trends to those described in the organic
nitrogen section. Due to the many sources of nitrogen; atmosphere, soil, fertilizer, and
fecal matter, it is very difficult to prevent it from entering a water body such as Lake
Madison or Brant, especially since it is water-soluble. Also, since blue green algae can
convert atmospheric nitrogen (N,) for their growth, the focus of nutrient reduction should
be on phosphorus.

Total Phosphorus

Inlake phosphorus concentrations in Lake Madison averaged 0.254 mg/L (median 0.270
mg/L) in the surface samples, excluding Site LM1A, and averaged 0.271 mg/L (median
0.273 mg/L) for the surface samples when Site LM1A is included. The bottom samples
averaged 0.254 mg/L (median 0.275 mg/L) without Site LM1A. As with some of the
other nutrient parameters there was a significant difference exhibited between the three
inlake sites and Bourne Slough. Site LM1A was significantly higher in TP than the
remaining three surface and bottom sites (mean 0.346 mg/L) (Table 22). The total
phosphorus concentrations ranged from 0.079 mg/L (Site LM2S) to 0.540 mg/L (Site
LM1S). The concentrations peaked for all inlake sites during the summer and
significantly dropped during the winter months except for Site LM1A (Figure 36).
Bourne Slough started to become anoxic near the microzone (sediment-water interface).
However, oxygen levels were not measured at this point and were only measured
approximately one foot beneath the surface of the water. In addition, groundwater may
have been begun to flow into the lake with the reduced rates of surface runoff and the
water table still exhibiting high levels. To the northwest and north of Bourne Slough are
the infiltration/percolation basins for the
city of Madison and the Lake Madison

Sanitary District. Although there is not Lake Madison Total Phosphorus C
a significant load to the lake from this o
source at this point there may be
periodic pulses that occur when

Site LMIA

E\\O/"’T/

conditions are right. The concentrations o s
during the next sampling date ful A [f \m
completely dropped below inlake Lake E \ \ N

Madison levels. This sampling \l\k 4
somewhat coincides with the low u
concentrations of dissolved oxygen.

The remaining sites all followed a very . I
similar pattern as is indicated on Figure Figure 36. -Lake Madison Total Phosphorus
Concentrations.

36. Phosphorus concentrations drop
during the winter and early spring and
begin to increase during the early and late summer. This correlates with spring loadings
(March 16 — May 31). Approximately 49% of the annual TP load occurs in spring.
During the months of April and May there is a significant drop in inlake concentrations
which is a result of the dilution of the spring runoff. After the spring runoff occurs and
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the hydrologic loadings cease or slow down, inlake phosphorus concentrations begin to
increase. =~ This also correlates with the chlorophyll-a concentrations that begin to
increase in late June and July.

Total Dissolved Phosphorus

The dissolved phosphorus average from the bottom samples was slightly more (0.187
mg/L) than the surface samples (0.171 mg/L). The average concentration of Site LM1A
was significantly less than any of the other inlake sites (mean 0.093 mg/L). Dissolved
phosphorus may sorb on to suspended material that may be present in the water column.
This seems to be the case in Bourne Slough where the shallow depth promotes
resuspension of the sediment that comes into contact with dissolved phosphorus. A
regression analysis indicated that total phosphorus and suspended solids from LM1A had
a relatively strong relationship (R*=0.70,df=9) when the observations from January and
February were removed from the data set as outliers. There was no relationship indicated
between dissolved phosphorus and suspended solids (R>=0.001,df=9).

The dissolved phosphorus concentrations from the inlake sites, excluding Site LMI1A,
ranged from a minimum of 0.01 mg/L collected from various sites to a maximum of
0.365 mg/L collected from the bottom of Site LM1 on August 21, 1995. The bottom
samples exhibited higher concentrations probably due to the release of phosphorus from
the sediments. Also the surface samples have more algae present using some of the
available dissolved phosphorus, effectively lowering the concentration.

The inlake total phosphorus concentrations were diluted as a result of the spring flows.
This same phenomenon also occurred with the inlake dissolved phosphorus
concentrations. However, there was a sharp increase in concentrations once the spring
flows began to decrease. There was not a strong relationship between percent dissolved
phosphorus and total suspended solids. In addition, there was no correlation between
total phosphorus in the inlake suspended solids concentrations (bottom and surface
analyzed separately).

The total average concentration of ot Nitrogen o Total Phosphorus Ratio
dissolved phosphorus from all surface » i
and bottom samples (0.170 mg/L) .
available to algae is almost 9 times the .
amount necessary to stimulate algal R AR
growth. He —— 3
° t "f
i T " ga’”
Limiting Nutrient s i ..;:
If an organism (algae) is to survive in a e o

given environment, it must have the Figure 37

necessary nutrients and environment to

maintain itself and be able to reproduce.

If an essential material approaches a critical minimum, this material will be the limiting

82




factor (Odum, 1959). Phosphorus is often the nutrient that is limiting in aquatic
ecosystems. However, a number of highly eutrophic lakes in eastern South Dakota are
known to develop nitrogen limitation. If the lake has very abundant phosphorus
concentrations, the algal growth is considered to be limited by available nitrogen.

In order to determine which nutrient will tend to be limiting, EPA (1980) has suggested a
total nitrogen to total phosphorus ratio of 15:1. They also suggest an inorganic nitrogen
to dissolved phosphorus ratio of 7:1 (Figures 37 and 38). In this instance all the lake data
available from Lake Madison was included. This includes all of the composite samples
collected during the statewide lake assessment database from 1989 to 1995. EPA (1990)
later suggested a 10:1 ratio for total nitrogen to total phosphorus, and no suggestion for
the inorganic parameters. The mean total nitrogen to total phosphorus ratio was 9.8
(median 8.2) for Lake Madison. Regardless of which total nitrogen to total phosphorus
ratio is used (10:1 or 15:1) Lake Madison is nitrogen limited when using either of these
two ratios, i.e. if the ratio of nitrogen divided by phosphorus is less than 10:1 or 15:1, the
lake is assumed to be nitrogen limited (Figure 37). The mean TN:TP ratio was 9.8
indicating that the lake is nitrogen limited most of the time. Minimum and maximum
ratios ranged from 3.4 to 24. In addition,
when using the inorganic nitrogen to

dissolved phosphorus ratio of 7:1, any et

ratio less than 7 is nitrogen limited as )

well. The calculated mean inorganic ,

ratio was 4.5 (median 3.1). These ratios : 5
indicate that Lake Madison is a nitrogen . ) . .
limited lake (Figure 37 and 38). e . _ 3 *
However, blue green algae can assimilate R

usable nitrogen from the organic fraction ’ : Ty

of nitrogen (Wetzel, 1983). To see if the . : S B
blue green algae were still limited by > - S

nitrogen, assuming they were using their  Fjgyre 38

own nitrogen, total nitrogen (organic and

inorganic) was divided by dissolved

phosphorus. Using the ratio limitation ot Nirogen o Disscled Phospborss Fato
for the inorganic parameters, (7:1), the = Lake iadioon

blue greens appear to be phosphorus %
limited (mean 29.3, median 12.2). Figure * =
39 clearly indicates that dissolved -
phosphorus appears to be the limiting H ) Lo
nutrient.  Although this indicates that » — .",b 5
algal growth in Lake Madison is limited Nivogen Limited O
by dissolved phosphorus, there are other
environmental parameters which could be | - — — pvo o
affecting the growth rates of blue green Due

algal blooms such as photoperiod,  Figure 39

temperature, and turbidity. Turbidity is

certainly a limiting factor in Bourne
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Slough where the shallow depth allows the resuspension of solids that limit light
penetration into the water. Although this does not completely eliminate algal growth, it
may be a limiting factor.

Trophic State Index — Lake Madison

Carlson’s (1977) Trophic State Index (TSI) is an index that can be used to measure the
relative eutrophic state of a waterbody. The eutrophic state is how much production
occurs in the waterbody. The smaller the nutrient concentrations are in a waterbody, the
lower the trophic level and as the nutrient levels increase the waterbody becomes more
eutrophic or even hypereutrophic. Those lakes lacking nutrients such as in montane areas
(Black Hills) are termed oligotrophic. The majority of lakes in South Dakota are in the
eutrophic to hypereutrophic range as a result of excessive nutrient input. Table 24
describes the different numeric limits for the various levels of the Carlson Index.

Table 24. Trophic Index Table 25. Average Trophic State Index Levels for Lake

Levels. Madison.
Trophic Level |Numeric Range | [Parameter=|TSI Secchi Disk |TSI Phosphorus |TSI Chlorophyll a
Oligotrophic 0--35 Average 63.46 84.89 70.52
Mesotrophic 36-- 50 Median 62.12 85.10 74.55
Eutrophic 51-- 64 Minimum |42.56 69.39 33.44
Hyper-eutrophic |65 -- 100 Maximum [87.14 94.92 90.94

StDev 8.53 6.45 13.48

Three different parameters are used to determine the average trophic state of a
waterbody: 1) total phosphorus, 2) secchi disk, and 3) chlorophyll a. TSI levels for all of
the water quality data available for Lake Madison is indicated on Table 25 and Figure 40.

The mean and median of total phosphorus and chlorophyll a are far into the hyper-
eutrophic level of the index. The secchi depth TSI is in the high end of the eutrophic
scale. This is indicative of the excessive amounts of nutrients in Lake Madison. Over the
years in which data was available for Lake Madison, the mean trophic status is 73, which
is in the hyper-eutrophic range of the index.

84



Lake Madison TSI

100

%0 4 ]
.l
80 | AA ]
| |
70 4 A4
*
. %
*
A

®,  Hyper-cutrophic e A

or e
H ) . o | ®TSISecchiDisk
§ 50 Eutrophic 4 o W TSI Phosphorus
E ¢ | ATSIChlorophyll

401 Mesotrophic 4

x
301
Oligotrophic

201

10

0

1223/88  8/30/89 S0 11291 919591  S26/92 L3193 10/893  6/1594 22095  10/28K95

Date

Figure 40

" Long Term Trends for Phosphorus, Chlorophyll, and Secchi Disk
Lake Madison
600 0
— — Linear (Secchi) = = sLinear (TPO4P)
6\ -+ 0.5
g 500 |
£ ——Linear (Chta) 11
2 T
s - |
= 400 - ——— - T+ 15
& —_———
=] ——
& ceea. 12
= | e e - w
E 300 TteeeeeLLLL .. .5 = 8
T IR R ¥
< 2 E
= 200 | 43 <8
=>. =
= 35
8 1 3.
g 100 -
S 1a
0 , . , . . i . . . 45
R S S P L SR e
& & F PSS S
Date

85



Long Term Trends (Lake Madison)

Long-term trends (1979-1995) for Lake Madison do not exhibit a significant change in
water quality either an improvement or degradation. Figure 41 indicates that although
there seems to be an increasing trend towards higher chlorophyll a concentrations and a
slight decreasing trend for total phosphorus concentrations and secchi depth, there has
been essentially no appreciable change in the water quality for Lake Madison from 1979
to 1995.

Chlorophyll a
Chlorophyll a, a pigment in plants and

algae, is a common indicator of algal  FrFpie26. Lake Madison Chlorophyll a
biomass. Chlorophyll @ samples were concentrations (mg/m®).

collected each time a surface sample was Site— LM1 LM2 LM3 LMIA
collected during the project. In addition, [Mean 62.1 79.5] 453] 1488
the statewide lake assessment in 1991  [Median 39.5] 446 22.1] 1349
and 1992 collected chlorophyll ¢ and |Minimum 0.3 0.0 0.3 12.4
phosphorus samples.  Due to light |Maximum 291.1] 470.7| 2224 408.6
restrictions, chlorophyll a concentrations StDev 46|  113.2] 56.6] 126.7

near the bottom of a lake are not
representative of the nutrients in the
waterbody. Summer concentrations were slightly higher in 1995 compared to 1994 for
Lake Madison. During 1995, summer chlorophyll a peaked during early July and again
in August for the three inlake sites (LM1, 2, and 3) (Figure 42). Site LM1A had less
pronounced increases during this time period but exhibited a large increase later in
September. Chlorophyll concentrations at Site LM1A were significantly larger than at
the other three inlake sites. The mean concentration of 148.8 mg/m® from Bourne Slough
is significantly higher than )

the next highest mean

collected from Site LM2 Chlorophyll a Concentrations for Lake Madison

(Table 26). Bourne Slough -

also  exhibited  slightly -

higher concentrations in the wl

winter, primarily due to ol

clear ice and the availability ]

of bioavailable phosphorus £ >

(dissolved phosphorus). 7 -
g 20 -o-1A

Typically, chlorophyll a S 1

increases with increasing 100

phosphorus concentrations. 50

However, other variables 0

can play a role in hOW the 6/15/94  8/4/54  9/23/4 111294 1195 2/;:25 41195 53195 72005  9/8/95 10128095

distribution of algae and

chlorophyll ¢ may occur. Figure 42
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For instance, water turbidity may be an impairment in the lake, which results in the
reduction of light available for photosynthesis by blue-green algae.

The predominant algae present in Lake Madison during summer sampling were blue-
green algae. Microcystis spp., Aphanizomenon spp. and Anabaena spp. were all present
in greater numbers than any other species of algae which included a number of different
species of diatoms and green algae.

Chlorophyll concentrations ranged from 0 mg/m3 from Site LM2 on January 24,1995 to a
maximum concentration of 470.7 mg/m3 collected from Site LM2 on July 11, 1995.
Why Site LM2 exhibited such a large range of concentrations might be attributed to the
center location in the lake.

Chlorophyll a and total phosphorus have a relationship in regard to increasing
concentrations. Typically as total phosphorus increases so does chlorophyll a. As shown
in Figures 43, the relationship between these two variables was not significant for Lake
Madison (R?=0.24,df=40). After completing regression analysis on various sites and data
sets, no significant relationship was detected. However, after completing a logarithmic
transformation of the phosphorus and chlorophyll a concentrations from the middle
inlake Site LM2, a significant relationship was found (R*=0.65,df=10) (Figure 44).
There were only 10 samples collected from each inlake site and none of these samples
were removed from the LM2

data set. All other data collected

outside of Site LM2 was

: Cli hyll Using All Da
excluded from the analysis. e ke Madon T
500
*
Sitet LMIA  exhibited a e
400 =] (Chl-a) .

significant relationship between

chlorophyll. & and total g: *
phosphorus. However, Site S ¢
LMIA total phosphorus and T . Rewwn o

chlorophyll a concentrations
were both significantly different

g

g

*
*

from the three inlake monitoring so . .

sites for Lake Madison. LMIA ol a— P -
was not included in the Total Phosphorus (mg/m’)

regression  analysis. Other  Figure 43

factors that may have effected

the relationship between total

phosphorus and chlorophyll a at

all lake sites may have been strong winds, which moved the algae into bays out of the
vicinity of a monitoring site. Since Site LM2 was not significantly different between the
other 2-inlake sites and it was located in the center of the lake, this site was chosen for
the reduction/response analysis which will be discussed later in the report.
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The relationships between
phosphorus and chlorophyll a
can be used to estimate the
amount of reduction in lake
chlorophyll a that can be
expected by reducing inlake
phosphorus concentrations.
The prediction of chlorophyll a
levels through the use of inlake
phosphorus concentrations can
best be explained by Equation
3:

{Equation 3} LogY = -5.738
+3.099(Log10X)

where Y = chlorophyll a concentration and X = total phosphorus concentration. The
values of total phosphorus used in this analysis ranged from 0.118 mg/L to 0.430 mg/L.
Chlorophyll a ranged from 1.34 mg/m° to 470.7 mg/m’. Application of this equation in
predicting chlorophyll @ concentrations using total phosphorus values should be kept

Log of Total Phosphorus to Log of Chlorophyll a Relationship
Site LM2, Lake Madison

.
25 ® Log of Chi-a
=] incar (Log of Chl-a)
*

32 D
z
= o/t .
315 R =0.6499
=
o
4
e
o
31

05

.
[
[ 05 ! 15 2 25
Log of Total Phosphorus
Figure 44

within the range of total phosphorus values available from actual lake samples.
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Brant Lake Inlake Water Quality Discussion

As the beneficial uses for each lake and the standards pertaining to these uses were
discussed previously, they will not be included here.

Water Temperature

This 1,000 acre (404.7 ha) lake is a very shallow windswept lake (Mean Depth = 11 ft)
which does not allow thermal stratification to take place. Temperatures ranged between
1°C in the winter to a maximum temperature of 27°C in the summer. There was no
significant difference between the surface (mean 14.0°C) and bottom samples (mean
13.6°C) although the surface samples were slightly higher. Temperature and oxygen
profiles are located in the Appendix.

Dissolved Oxygen

There was no significant difference
between sites nor between surface Brant Lake Dissolved Oxygen
and bottom samples. The average "
concentrations for the surface and "

bottom samples were 9.83 and 8.91 " ~e
mg/L, respectively. In contrast to u // m ﬂ\ -
the dissolved oxygen data for Lake SOTA s
Madison, there were no incidences of ; -

anoxia documented during the study. ‘I

In fact, Brant Lake was 2 A
supersaturated in oxygen during the ,

winter months (D.O. = 15.8 mg/L). woe mo e v g s e s e
These increases during the winter Figure 45

months were due to winter algae
blooms facilitated by lack of snow
on the ice. With the lower temperatures water can hold more oxygen and algae
underneath the ice can conduct photosynthesis producing oxygen. Near the bottom of
both sites the oxygen levels resulted in some exceedances of the < 5.00 mg/L dissolved
oxygen standard. However, these exceedances were only recorded from samples
collected on the bottom. Both observations of the exceedances (4.8 mg/L and 3.1 mg/L)
occurred during the summer.

pH

Brant Lake exhibited no significant differences between sites or depths. The average pH
measurements for the surface and bottom samples were 8.38 and 8.29, respectively
(Table 27). The minimum value was 6.9 su sampled from the bottom of Site 4B on
October 25,1994. The maximum value of 9.32 su was recorded as an exceedance of the
water quality standards. This value was recorded from both bottom and surface samples
of Site BL5 on October 18, 1995. The pH from Site BL4 surface and bottom was 9.21
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and 9.14, respectively, on this same -
date. The only explanation for this Brant Lk pH Memmremens
instance is that a late algae bloom

occurred driving the pH up. The _M
predominant chemical species is ( .

>

HCOs5™ and C032') as a result of the . =1
uptake of CO, (Carbon Dioxide). v |

After the algal growth occurs, the . —
lake is allowed to equilibrate and pH 2

shifts back down or below 9.00 to '
the 8.00 range where the e R R,
predominant carbonate species is the Figure 46

bicarbonate ion (HCOj3"). Brant Lake

usually recovers quickly in these

situations as a result of an adequate buffering capacity.

Alkalinity

Lakes within the State of South Dakota usually range from 150 to 200 mg/L. The
minimum value for Brant Lake was 147 mg/L collected from the surface of Site BLS and
the maximum value of 236 mg/L was collected from the bottom of Site BL4. No
significant differences were exhibited between sites or depths (bottom and surface). The
trend towards increasing alkalinity during the winter months was almost exactly the same
as that exhibited by Lake Madison. This may be an indication that during the winter
months groundwater is more of an influence than during the rest of the year.

Fecal Coliform

Fecal coliform is used as an indicator of human or animal wastes. There were 76 fecal
coliform samples collected during the project (8/17/94 — 10/18/95). Of the 76 samples
only 5 samples exceeded 10 colonies per 100 ml. The maximum concentration exhibited
was 70 per 100 ml. No exceedances occurred for this lake.
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Table 27. Descriptive Statistics for 2 Brant Lake Inlake Monitoring Sites, 1995.

" [OnChi-a |Cor-Chl-a |WT DO FpH |FEC  |TALK [IS DS |ISS |AMM JUN-AMM | NO3+2 |IKN _JON _ |[I.N__|IP [TbP |
mg/m3 mg/m3 C mg/L su /100 ml |mg/L mg/l. |mg/L |mg/L |mg/L |mg/L mg/L mg/L |mg/. |mg/L |mg/L |mg/L

BL4 Mean 432 432 14.0 10.04] 8.39 11 181 918 904 14 0.15 0.0099 0.19 1.69 1.54 1.88] 0.174 0.111
Surface  |Median 253 24.2] 16.0 9.50] 8.50 10 170] 974 959 11 0.12) 0.0057 0.10] 1.56 1.34 1.86] 0.180 0.124]
Minimum 23 14 1.0 6.40] 7.01 10 152 0 0 0 0.02 0.0006 0.10 0.76 0.74] 0.86] 0.069 0.020,
Maximum 1534 168.3] 26.0 15.80] 9.14 20 234 1221 1190 31 0.46 0.0322 0.40 293 2.78] 3231 0.296 0.223
StDev 47.1 49.8 8.7 2.88] 0.54 2 27 240 236 9 0.14 0.0105 0.11 0.58 0.58] 0.59] 0.071 0.058,
BL4 Mean 13.5 931 831 15 184 908 891 17| 0.17 0.0121 0.20 1.59 1.42 1.79] 0.181 0.143
Bottom [Median 15.0 9.00] 831 10 172 952 946 15 0.14 0.0064 0.20 1.52 1.42 1.71]  0.165 0.095
Minimum 2.0 4.80] 6.90 - 10 155 0 0 0 0.02 0.0005 0.10 0.98 0.92 1.08] 0.092 0.00§i
Maximum 24.0 15.80] 9.21 50 236] 1105 1091 41 0.46 0.0751 0.40 2.30 223] 240 0.296 0.935]
StDev 17 3.16] 0.57 12 25 233 229 10 0.14 0.0176 0.11 0.36 036] 0.37] 0.061 0.202
BL5 Mean 325 32.7] 141 961 8.38 13 181] 888|875 13|  0.17]  0.0134 0.19]  161] 144] 1.80] 0.165] 0.115|
Surface  [Median 134 13.0] 165  9.10] 839 10 66| 959  942] 15| 021 0.0049 0.10] 1.60] 134 179 0.156] 0.117
Minimum 0.0 0.0 1.0 6.20] 7.02 10 147 0 0 0 0.02 0.0006 0.10 0.78 0.76] 0.88] 0.052 0.020
Maximum 218.1 2233] 270 15.40f 9.32 70 2321 1034 1027 28 0.45 0.0863] 0.40 2.74 2.59] 2.84f 0.346 0.236
StDev 52.9 54.6 8.7 2.66] 0.56 14 27 226 223 8 0.14 0.0214 0.11 043 0.41 0.43] 0.076 0.061!
BL5 Mean 13.6 8.50] 8.26 10 173 893 879 14| _ 0.19 0.0134 0.19] 152|133 1.1 o0.167] 0.121
Bottom |[Median 12.5 9.00f 829 10 172 938 936 12 0.21 0.0047] - 0.10 1.54 1.37 172 0.173 0.146
Minimum 3.0 3.10 7.04 10 [i} 0 0 0 0.02 0.0005 0.10 0.87 0.85] 097 0.069 0.016]
Maximum 25.0 12.40] 9.32 10 234] 1054 1045 39 0.47 0.0882 0.40 2.29 2.10] 2391 0.283 0.226)
S‘tDev 8.0 232 0.60 0 48 227 224 10 0.13 0.0218 0.12 0.30] 0.29 0.34]  0.057|  0.060




Total Solids

The dissolved solids concentrations in Brant Lake averaged 937 mg/L with a median of
947 mg/L. The concentrations in Brant ranged from a minimum of 808 mg/L from the
bottom of Site 4 and to a maximum concentration of 1190 mg/L collected from the
surface of Site 4 (9/13/94). There was very little change in total dissolved concentrations
from year to year. Significant differences were not exhibited between sites or between
bottom and surface samples.

Total suspended solids in the surface samples of Brant Lake averaged 14 mg/L whereas
the bottom samples averaged 16 mg/L. The maximum concentrations were 41 mg/L and
31 mg/L for the bottom and surface samples, respectively. The maximum concentrations
occurred during the summer period. The concentrations also exhibited more variability
during this time period as well. Algae, organic matter and fine particles suspended off
the bottom increased the concentrations at this depth. Algae and small suspended
particles within the water column were the primary reason the surface samples had
increases in concentrations during the summer.

Ammonia (un-ionized ammonia)

Bacterial decomposition of organic matter is the primary source of ammonia in lakes and
streams. High ammonia concentrations can be used to demonstrate organic pollution.
The bottom samples averaged 0.18 mg/L (median 0.19 mg/L). The surface samples
averaged 0.16 mg/L (median 0.14 mg/L). Again, the bottom samples were slightly
higher than the surface samples which is related to the organic matter in the sediment
which is constantly undergoing decomposition. Wide variability was exhibited for the
Brant Lake ammonia concentrations where the standard deviation (0.14 mg/L) for all
ammonia samples was greater than 50% of the overall mean of 0.17 mg/L. The
concentrations ranged from 0.02 mg/L to a maximum of 0.47 mg/L sampled from the
bottom of Site BL5 on October 25, 1994. '

Un-ionized ammonia, which is subject to water quality standards based on the beneficial
uses of Brant Lake, exhibited five exceedances of the 0.04 mg/L standard. All of the
exceedances occurred during the summer of 1995 (Table 27). If concentrations of
ammonia are high it does not necessarily mean that the concentration of un-ionized
ammonia will be high. Concentrations of un-ionized ammonia increased during the
summer when the pH increased as a result of photosynthesis and higher water
temperatures. The range of concentrations was a maximum of 0.09 mg/L collected from
Site BL5 on 7/26/95 and a minimum of 0.0005 mg/L calculated from samples collected
during the winter at the bottom of Site BL4. The maximum concentrations for all four of
the inlake sites occurred on 7/26/1995.

Nitrate and Nitrite

Nitrate+Nitrite are inorganic forms of nitrogen that are most easily assimilated by algae
and other aquatic plants. The process that converts nitrate and nitrite into free nitrogen
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usually takes place in the lower strata of lakes. This process also increases with
increasing temperature and decreasing pH. There were no significant differences
exhibited between sites or sampling depths. The average concentration of nitrate/nitrite
for the bottom was 0.20 mg/L whereas the surface concentrations averaged 0.19 mg/L.
There was a slight increase in concentrations in winter and during the spring when
concentrations increased to 0.40 mg/L, but this may have been the result of a buildup
over the winter months when algal production and all biological activity, in general,
slightly decreases.

Total Kjeldahl Nitrogen/Organic Nitrogen

Kjeldahl nitrogen is used to calculate both organic nitrogen and total nitrogen. The
organic nitrogen concentration mean and median of the surface samples were 1.49 mg/L
and 1.34 mg/L, respectively. Mean and median concentrations for the bottom samples
were 1.38 mg/L and 1.37 mg/L, respectively. The highest concentration of organic
nitrogen (2.78 mg/L) was sampled from the surface of Site 4 on January 25,1995. This
may have been due to an algae bloom under the ice during the winter. In addition, the
surface samples usually exhibited higher concentrations due to the amount of organic
matter (algae) near the surface.

Total Nitrogen

The maximum total nitrogen concentration found in Brant Lake during the course of the
‘study was 3.23 mg/L sampled on January 25,1995. There were no significant differences
exhibited between sites or between depths (surface and bottom). The means for the
surface and bottom samples were 1.84 mg/L and 1.75 mg/L, respectively.

Total Phosphorus

As with the nutrients and solids
parameters discussed thus far, there

have been no significant differences Brant Lake Total Phosphorus Concentrations

exhibited in phosphorus between sites o

or depths (Figure 47). Inlake o

phosphorus concentrations in Brant '

Lake averaged 0.170 mg/L. (median ) 7 _
0.157 mg/L) in the surface samples RS ey - ;,fﬂ\\ 3
and 0.174 mg/L (median 0.167 mg/L) R \\ /f AN

in the bottom samples (Table 27). o ooy .
There was some variance between the ons

samples. The samples ranged between e

a minimum of 0.052 mg/L from the e

surface of Site BL5 to a maximum  Figure 47
value of 0.346 mg/L from the surface »
of the Site BLS5 as well.
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Trends for Brant inlake phosphorus concentrations were very similar to those of Lake
Madison. There was a reduction in phosphorus concentrations when most of the
hydrologic loadings occurred that diluted inlake phosphorus. Following the spring
runoff, increases in concentrations occurred during the middle summer months, peaking
in September, and then dropping back down to under 0.200 mg/L.

Total Dissolved Phosphorus

Dissolved phosphorus average concentrations were 0.110 mg/L and 0.113 mg/L for the
~ bottom and surface samples, respectively. The minimum concentration was 0.008 mg/L
sampled from the bottom of Site BL4. Concentrations followed the same general trend
decreasing during the major runoff period for all of the sites and increasing once this
runoff slowed. The maximum concentration reached 0.236 mg/L from the surface of Site
BL5. A regression analysis was conducted to determine the relationship of dissolved
phosphorus and suspended solids. No relationship (R?=0.004,df=70) existed between
these two variables from the data collected in 1995. In addition there was no relationship
exhibited between total phosphorus and suspended solids (R?=0.03,df=71). The average
concentration of all the inlake dissolved phosphorus samples was 0.112 mg/L, which is
almost six times the amount necessary to stimulate algal growth. Although the
relationship between suspended solids and dissolved phosphorus was not significant, a
slight inverse relationship was observed between suspended solids and dissolved
phosphorus.

Limiting Nutrient for Brant Lake

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

Brant Lake has relatively moderate dissolved phosphorus concentrations that are greatly
affected by the amount surface water loadings delivered from Lake Madison. Also,
during certain times of the year, the dissolved phosphorus concentrations are six times the
concentration necessary to stimulate algal growth. Due to these high concentrations of
dissolved phosphorus, the ratio of 15:1 was used to determine the limiting factor. If the
ratio of nitrogen divided by phosphorus is greater than either 15:1 or 7:1 for In-N/Diss P,
the lake is assumed to be phosphorus limited for the respective parameters. A ratio of
less than the above-mentioned ratios, assumes the lake is nitrogen limited.

Both mean ratios and Figures 48 and 49 clearly indicated that Brant Lake was limited by
nitrogen. For total nitrogen and total phosphorus, the average ratio was 12.1:1
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(phosphorus limit is 15). The inorganic
nitrogen and dissolved phosphorus ratios
averaged 5.3:1 (phosphorus limit is 7).

The algal samples collected during the
summer of 1995 contained blue-green algae
as the predominant species of algae present,
i.e. primarily Aphanizomenon flos-aquae,
followed distantly by Oscillatoria spp., and
Anabaena spp. in order of importance
(Appendix D). Blue greens can assimilate
usable forms of nitrogen from the organic
fraction of total nitrogen. Also, the blue-
greens ability to convert atmospheric N, to
usable forms is enhanced when the
productivity of a lake is increased by the
addition of large amounts of phosphorus.
However, since blue-greens are only able to
assimilate dissolved phosphorus and can
assimilate or convert several kinds of
nitrogen (inorganic and organic), total
nitrogen was divided by dissolved
phosphorus as being the most realistic ratio
to be used for that reason. Using the
numerical limit as the inorganic nitrogen to
dissolved phosphorus ratio (7:1), Brant Lake
seems to be, at least for blue greens,
convincingly limited by phosphorus (mean
TN:DP ratio 24.9:1) as indicated on
Figure 50.

Aphanizomenon populations (in terms of
algal cells/ml) were much larger in Brant
Lake than the remaining algal groups
(flagellated algae and diatoms). However,
non-motile green algae were particularly
scarce in both lakes compared to the other
algal components (Appendix C). This type
of algal association is often reported, and
may be characteristic for eutrophic
hardwater lakes in the North Temperate
Zone. That is, one dominated by blue-
greens and diatoms with green algae
(Chlorophyta) comprising a minor portion
of the lake algal community (Prescott,
1992).
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There are other factors also involved in the development of an algal bloom such as
temperature, sunlight, and water clarity among others. However, nutrients are much
more easily managed than any of these other factors.

Trophic State Index (Brant Lake)

Carlson’s Trophic Status Index is one of the better indices available that can be used to
measure the productivity of a lake (Carlson, 1977). The smaller nutrient concentrations
in the waterbody, the lower the trophic level; and the larger the nutrient concentrations
are, the more eutrophic the waterbody. Oligotrophic is the term used to describe the least
productive (nutrient-poor) lakes and hypereutrophic is the term used to describe lakes
with overabundant nutrients and excessive production. The numeric limits were provided
in the Lake Madison discussion in Table 21.

The mean and median of total

phosphorus are in the hyper-el{trOPhiC Table 28. Average Trophic State Index Levels

range of the index. The secchi depth | for Brant Lake

and chlorophyll a are in the far end of | Parameter [ Secchi | Chlorophyll Total

the eutrophic range of the index (Table Depth a Phosphorus

28 and Figure 51). Mea}n 61.85 58.96 76.76
Median 61.29 60.94 77.63
Standard 9.26 12.79 6.65

Chlorophyll a Deviation

Statistical analysis was wused to
determine if there was a significant

relationship between sites BL4 and BL5. No significant differences were found between
the sites. However, the chlorophyll a concentrations were extremely variable throughout
the course of the study. In fact, the standard deviation, which is a measure of the
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distribution of the
observations around the
mean, is greater than the
means of Sites BL4 and BLS.
The means were 43.2 mg/m’
(stdev=47.1) and 32.5 mg/m3
(stdev=52.9) for Sites BL4
and BL5, respectively.

The chlorophyll a
concentrations for Brant Lake
ranged of a minimum of 0
mg/m’ sampled on February
22,1995 to a maximum of
218.1 mg/m3 sampled on
September 26, 1995. As
expected, chlorophyll a
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concentrations were higher during the late summer and early fall than at any other time

period during the sampling year.

Surface chlorophyll a samples were also collected during the summers of 1991-1995 for
the statewide Lake Water Quality Assessment. The chlorophyll a samples collected for
the twice-yearly assessments were composite surface samples taken from two or three
different locations on each lake. The chlorophyll summer samples collected between
1991 and 1995 from the statewide lakes assessments and this project ranged from 1.31
mg/m3 collected on June 11, 1992 (composite surface sample) to a maximum
concentration of 218.1 mg/m3 collected on September 26, 1994 from BL5. The relative
trophic status values for these concentrations are 33.2 to 83.4 which range all the way

from Oligotrophic to
Hypereutrophic. Samples
collected later in the summer
of 1992 (July) ranged into the
upper eutrophic range (63.3 —
TSI). However, during the
summer of 1993  the
chlorophyll a samples stayed
in lower eutrophic-
mesotrophic range due to the
extensive flooding which
may have flushed and/or
diluted inlake algal
populations  (Figure 52).
Although chlorophyll a is an
important  parameter  for
Brant Lake, the extent of
algae blooms depends to a

Brant Lake Phosphorus to Chlorophyll Relationship
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large degree on the nutrient
content of the lake.

Chlorophyll @ and total
phosphorus may be
expected to have a direct
relationship in regard to
increasing concentrations.
Typically, as total
phosphorus increases so
does chlorophyll a.
However, as shown in
Figure 53, there seems to be
little relationship between
phosphorus and chlorophyll
a in data from 1991 through
1995 (R® value of 0.12).
The fact that the lake may

Log of Total Phosphorus to Log of Chlorophylia
Using All Data

Log of Chlorophylla

s
Log of Total Phosphorus

@ Chl-a

[ecna |
———Lincar (Chi-a)

Figure 54

not always be phosphorus limited; the fixation of nitrogen by blue-green algae; and the
inclusion of the year 1993 in which flooding took place (flushing the lake out), may be
some of the reasons for the lower R? value. Since 1993, the lake has been receiving and
discharging very large amounts of water. This also has had an impact on the chlorophyll
a and total phosphorus relationship. To normalize the distribution of the data, a log
transformation of the total phosphorus and chlorophyll a concentrations was also
conducted. However, this transformation had minimal impact on the distribution of the
data (R?> = 0.18) (Figure 54). The retention time of the water in Brant Lake may be
affecting the amount of chlorophyll produced in the lake as phosphorus is not used
extensively during periods when other conditions for algal growth are not optimum or

even suitable.

Data previous to the present
project was excluded in the
data analysis including the
1991 and 1992 years which
were very dry. In addition,
the data collected during
1993 was excluded as this
was the year when extensive
flooding occurred in eastern
South Dakota. From the data
set that was collected in 1994

and 1995, there were
observations which were
considered outliers. An

example would be the two
samples collected on August
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17, 1994 (Sites BL4 and 5). These two samples had high phosphorus concentrations
(0.296 mg/L and 0.346 mg/L) and low concentrations of chlorophyll a (23.1 mg/m3 and
5.78 mg/m3). These low concentrations may be due to the wind moving the algae into a
bay resulting in the lower chlorophyll concentrations. These two samples plus an
additional four more were removed from the data set. After these data points were
removed, the regression analysis was completed on the remaining data. The R* was
improved to a value of 0.58 (n=12). A log transformation on this data set did not
improve the relationship between total phosphorus and chlorophyll a.

The relationships between phosphorus and chlorophyll a can be used to estimate the
reduction in chlorophyll a that could be attained by reducing inlake phosphorus
concentrations. The better the relationship the more confident lake managers can be in
expected results. When applying the regression derived from the data previously
discussed it is important to note that the predictions should be made within the range of
data used in the analysis. It may skew the results if recommendations are made outside
of this range of data. The total phosphorus concentrations applied to the regression
analysis ranged from 0.069 mg/L to 0.293 mg/L. The chlorophyll a concentrations
ranged from 1.45 mg/m3 to 223.25 mg/m3. This data set and the resulting regression
analysis will be used in the next section for the reduction-response model. The equation
for the line in Figure 54 will be used to predict chlorophyll a from inlake phosphorus
concentrations. The line equation (Equation 4) is shown below:

{Equation 4} Y=0.75817x — 57.3156 (Brant Lake Data Only)

Y = predicted chlorophyll a concentration
x = phosphorus concentration
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Reduction/Response Model (Lake Madison)

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

1) [F]Z. = Average inlake total phosphorus concentration

2) [35} = Average concentration of total phosphorus which flow into the
lake

3) E = Average residence time of inlake total phosphorus

4) T» = Average residence time of lake water

Data collected during the project (1994 and 1995) provided enough information to
estimate [ﬁh , []3} ,and Tw. In order to estimate the residence time of total phosphorus

(T;) it was necessary to back calculate Equation 5 below, and solve for Tp by forming
Equation 6 (Wittmuss, 1996).

{Equation 5} [P} = [;__; }[TJ}'

w

{Equation 6} (T,)= %(T )

Values for F]ﬂ 5 [ﬁ} , T were determined in the following manner:

[ﬁ]l was determined by averaging all of the surface total phosphorus samples from 1994-
95 collection period.

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

Twwas determined by averaging the total volume of Lake Madison (27,153 acre-feet) by
the total inputs of water into the lake (40,101 acre-feet/days of discharge measurements).

7 _ 27,153acre — feet _ _
T 40,101acre — feet / 234days 158.4 days = 0.434 year
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The final values for [ﬁ]ﬁ. and [_13} are:

[I_’]l = 0.254 mg/L [—13} =0.231 mg/L
By placing the numbers in the proper places as discussed in Equation 3, 7"; would be:
(T,)= [%:%%](0.434) — 0.478 years = 175 days

Referring back to Equation 5, reducing the inputs of total phosphorus, the equation would
estimate the reduction of inlake total phosphorus. This is assuming constant inputs of
water. Theoretically the retention time for total phosphorus should also be reduced.
With only one year of sampling, there is no way to estimate the reduction in the retention

time of total phosphorus. The 7, constant (0.478) derived from the data will be used in
Equation 5. After estimating the amount of reduction of inlake phosphorus after a
reduction of input phosphorus, Equation 3 (page 87) can be used to see the reduction of
chlorophyll a. As can be seen in Table 29, a 50% reduction in phosphorus inputs to Lake
Madison will reduce the inlake chlorophyll @ concentration by an estimated 88%. The
50% reduction would also lower the chlorophyll TSI value to the mesotrophic line
(Figure 56). As stated above, this is considering no reduction in the retention time of
total phosphorus. If the retention time is lowered, the lake should experience even lower
inlake concentrations and lower chlorophyll a concentrations. As the input
concentrations of phosphorus are lowered, the lake will see algal blooms that are less
intense and of a shorter duration. These tables and graphs are predictive on the data
collected during the study. Actual changes can be expected to be different depending on
runoff values and the extent of change that occurs in the volume of water passing through
Lake Madison.

Table 29. Effects of Reducing Phosphorus to Lake Madison

Reduction of

Phosphorus  {Input Phos InLake Phos Percent Phosphorus |Chlorophyll
Inputs Concentration |Concentration'|Chlorophyll a [Chlorophyll a TSI TSI

0% 0.231 0.254 52.08 0% 84.05 69.35

10% 0.208 0.229 37.57 28% 82.53 66.14

20% 0.185 0.203 26.08 50% 80.83 62.56

30% 0.162 0.178 17.24 67% 78.91 58.50

40% 0.139 0.153 10.69 79% 76.68 53.81

50% 0.115 0.127 6.08 88% 74.05 48.27

60% 0.092 0.102 3.04 94% 70.83 41.49

70% 0.069 0.076 1.25 98% 66.68 32.74

80% 0.046 0.051 0.36 99% 60.83 20.41

90% 0.023 0.025 0.04 100% 50.83 N/A
TInlake phosphorus concentrations must be converted from mg/L to mg/m’ before using Equation 1 to

predict chlorophyll a.
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Figure 56

Reduction Response Model (Brant Lake)

Inlake total phosphorus concentrations are a function of the total phosphorus load
delivered to the lake. If you change the inflow of total phosphorus you change inlake
phosphorus concentration a relative but steady amount. The variables used in this °
process were the same variables as those used for Lake Madison.

The residence time of total phosphorus (T;) was calculated using the same manner
described previously through the use of Equation 5 and 6.

(Equation 5} [Pt = [;g]p—»}-

{Equation 6} (Tp)= ; (_w)

Values fo¥ [ﬁh, [—f_’}, T were:
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[?]/1 was determined by averaging all of the surface total phosphorus samples from the
1994-95 collection period.

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

T was determined by averaging the total volume of Brant Lake (11,000 acre-feet) by the
total inputs of water into the lake (46,969 acre-feet/days of discharge measurements).

T, = 11,000acre — feet

46,969acre — feet | 234days =55 days =0.15 yeax:

The final values for [ﬁ]/l and [ﬁ} are:
[Pl = 0170 mgr [P} =0.196 mg/L

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

(T,)= [g'%;g](O.lSO) = 0.13 year =47 days

Referring back to Equation 5, reducing the inputs of total phosphorus, the equation would
estimate the reduction of inlake total phosphorus. This is assuming constant inputs of
water. Theoretically, the retention time for total phosphorus should also be reduced.
With only one year of sampling, there is no way to estimate the reduction in the retention

time of total phosphorus. The 7, constant (0.13) derived from the data will be used in
Equation 5. After estimating the amount of reduction of inlake phosphorus after a
reduction of input phosphorus, Equation 4 (page 99) can be used to determine the
reduction of chlorophyll a. As can be seen in Table 29, a 50% reduction in phosphorus
inputs to Brant Lake will reduce the inlake chlorophyll a concentration by an estimated
90%. The corresponding inlake total phosphorus concentration would be 0.085 mg/L.
The 50% reduction would also lower the chlorophyll TSI value to the mesotrophic line
(Figure 57). As stated previously, this reduction response model does not consider a
reduction in the phosphorus retention time. Brant Lake should experience even lower
inlake phosphorus and chlorophyll a concentrations if inflow phosphorus concentrations
are reduced. As reductions in the phosphorus loadings to the lake are lowered, the lake
will see algal blooms that are less intense and of shorter duration. The tables and graphs
are predictive on the data collected during the study. As the parameters in this model
change with the addition of more data, changes in the output will occur as well.
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Table 30. Effects of Reducing Phosphorus to Brant Lake

Reduction of

Phosphorus |Input Phos InLake Phos _|Percent Phosphorus |Chlorophyll
Inputs Concentration |Concentration {Chlorophyll a |Chlorophyll a |TSI TSI
0% 0.196 0.170 71.19 0% 78.20 72.41
10% 0.176 0.153 58.34 18% 76.68 70.46
20% 0.157 0.136 45.49 36% 74.98 68.02
30% 0.137 0.119 32.64 54% 73.06 64.76
40% 0.118 0.102 19.79 72% 70.83 59.85
50% 0.098 0.085 6.94 90% 68.20 49.57
60% 0.078 0.068 N/A N/A 64.98 N/A
70% 0.059 0.051 N/A N/A 60.83 N/A
80% 0.039 0.034 N/A N/A 54.98 N/A
90% 0.020 0.017 N/A N/A 44.98 N/A

Tnlake phosphorus concentrations must be converted from mg/L to mg/m’ before using Equation 1 to
predict chlorophyll a.

Predicted Reduction of Chlorophyll a and Phosphorus
for Brant Lake
90
80
Hypereutrophic
70
\:
60
Eutrop:‘\‘\
:ﬁ_ﬂ so | —&— Total Phosphorus
& Mesotrophic \0 —=— Chlorophyll a
w 40
= Predicted Reduction using Total Phosphorus |
30 + |load divided by the total hydrologic lad to
derive an inflow concentration of 0.196 mg/1.
20 1 [Reduction Response Model Based on Total
Phosphorus / Chlorophyll a Relationship
197 |from 1994-95 data (R'=0.58,df=11). :
0 . | : /
% 10% 20% 30%  40%  50%  60% 70% 80% 90%  100%
Percent Reduction of Inflow Total Phosphorus
Figure 57 !
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Lawn Fertilization and Shoreline Development

Lawn fertilization and shoreline development can have a significant impact on the water
quality of a lake. As the natural vegetative buffer strips surrounding the lake are
changed, their ability to reduce the amount of material such as nutrients and sediment
entering the waterbody is severely limited. Contributions of nutrients and sediment from
the surrounding shoreline areas can have a significant impact on the water quality of a
lake. In addition, if the fertilizer amounts are applied on the surface of the lawn and it is
not incorporated into the soil right away, a significant amount of this fertilizer can be
washed off the lawn during a rainstorm.

To derive an estimate of total and dissolved phosphorus loadings from the lawns
surrounding Lake Madison and Brant Lake the following calculations were conducted.

Annual pollutant loadings for phosphorus and nitrogen can be estimated using a method
called the simple method (Schueler, 1987, in Tools for Watershed Management, 1996).
This method was used to calculate an estimate for the export of phosphorus off the lawns
from Lake Madison and Brant Lake. Using this method the annual loadings are
estimated as follows:

L = (P)(PHRV){C}(A)(0.227)

Where L represents the annual mass of pollutant export (in pounds per
year);

P = annual precipitation (in inches per year) = 29.8 inches;

Pj = correction factor for smaller storms not producing runoff = 0.9;
Rv = runoff coefficient;

C = average concentration of pollutant;

A =site area (in acres)

The runoff coefficient (Rv) was calculated by using the formula “Rv = 0.05 + 0.009(I)
where I is the impervious area for the site. The area surrounding Lake Madison and
Brant Lake were assumed to be low-density residential. Literature values available for (I)
estimate the impervious area for a residential area at 24% (USEPA (2), 1992). Rv was
then calculated to be 0.266 = 0.05 + 0.009 (24).

The average concentration of the pollutant (phosphorus) was estimated by using the
literatures values taken from Tools for Watershed Management. From Table 3.2 of that
publication the average concentrations of runoff for total phosphorus and dissolved
phosphorus were estimated as 0.52 mg/L and 0.27 mg/L, respectively (Terrene, 1996).

The site area was calculated for Lake Madison and Brant Lake by using the values taken

from the lake survey forms that were returned. It was also estimated that there were 655
property owners on Lake Madison and 263 property owners on Brant Lake. An average
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lot size was calculated from the information in the survey forms. The average lot size for
Lake Madison was 0.35 acre and for Brant Lake the average lot size was 0.26 acre.

Using these numbers, the L (export coefficient) for total phosphorus was calculated as
0.8421 Ibs/yr/acre and dissolved phosphorus was calculated as 0.4373 Ibs/yr/acre. These
two numbers were then multiplied by the average lot size for each lake and multiplied
again by the estimated number of lots. For example, 194.8 Ibs = (0.8421
1bs/yr/acre)(0.35 lot size)(655 lots) for the total phosphorus loading for Lake Madison.
Table 31 shows the loadings for total phosphorus and dissolved phosphorus for both
lakes from lawn fertilization. '

Table 31. Estimated Annual Loadings from Lawn Fertilization (lbs per year).
Total Phosphorus Dissolved Phosphorus

Lake Madison 194.8 101.2

Brant Lake 57.1 29.7

The total phosphorus inputs to Lake Madison equal 25,186.5 lbs. The estimated loadings
from lawn fertilization potentially constitute 0.77% of the overall phosphorus loadings to
Lake Madison. However, the parameter of concern is dissolved phosphorus. The total
dissolved phosphorus loading to Lake Madison was 10,147.41 Ibs. Lawn fertilization
would constitute approximately 1% of the dissolved phosphorus loadings to Lake
Madison.

The contribution of lawn fertilization would constitute 0.2% of the total phosphorus
inputs and 0.3% of the dissolved phosphorus inputs to Brant Lake.

The contributions from lawn fertilization are relatively insignificant to the overall
phosphorus budgets for both lakes. However, the amount of phosphorus applied to the
lakes may be underestimated. In some cases, from the returned surveys, there were
several individuals who indicated that they applied fertilizer to their lawn 2-3 times a
year. The averaged lot size was calculated to be 0.35 acres for Lake Madison and 0.26
acres for Brant Lake. There were several areas on both lakes which had much larger
lawns than these two average lot sizes. Therefore, contributions from the lawns may be
much higher than was calculated through this method.

Lawn fertilization (N, P, K) is often applied at a much higher rate per unit area than is
agricultural fertilization. Using grass as an example, a recommended application rate for
an established lawn is approximately 1.5 Ibs of P,Os per 1000 sq. feet of lawn. Grass
harvested as hay when looking for a yield goal of 4.0 tons of hay per acre requires an
estimated 0.5969 Ibs of P,0s per 1000 sq. feet (Cooperative Extension Service, 1998).
This is approximately 2.5 times as much fertilizer applied to the same amount of area
(1,000 sq. feet).
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Onsite Wastewater Disposal Systems

As the natural shoreline of a lake is altered, the natural movement of nutrients to the lake
is typically accelerated. Changing the shoreline by reducing vegetative cover increases
the loss of phosphorus to surface water by reducing the uptake by vegetation and
increasing the potential for fertilizer runoff. Onsite wastewater disposal systems remove
solids and bacteria from sewage. Ammonia is converted to nitrates and is subsequently
dispersed to the groundwater with quantity and quality of the effluent depending on the
design of the specific onsite system. Phosphorus removal from the effluent is incidental
and is usually confined to the adsorption to soil particles (Hutchinson and Jowett, 1997).

The influence of the 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 in a lake. Some research has indicated
that the potential nutrient input to a lake from groundwater containing septic system
effluent 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 nearby surface waters. Sawhney and Starr (1977) reported that
concentrations of 2.5 mg/L. of TP 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. Although certain soils have a high affinity for phosphorus,
long-term effects of constant inputs to the soil remain uncertain. The soils surrounding
septic systems have a finite number of adsorption sites and should not be used as the only
means of phosphorus removal in the long term (Hutchinson and Jowett, 1997).

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

According to the property directory there were an estimated 263 residences around Brant
Lake. A survey form was sent to each property owner, and from those that were returned
approximately 24% (63) of the 263 were permanent residences and 76% (200) were
seasonal. Also, from the information included in the returned property owner survey, the
onsite wastewater disposal systems were 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 Brant Lake.

Table 32. Copied from Table 2, Rodiek (1978).

LakeResidences
Assumptions Loading rates to 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’
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Phosphorus Export for Permanent Residence:

05—Kke-P  dcapita | ,, ke-P _ 4capita 50 pdetergent _qp Ke-P
capita - yr residence capita - yr residence residence - yr

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

ke-P  4capita kg-P i ke-P
05—ke-P  deapita) [, ke-P  4capitd 0 detergent |x0.50ccupancy=2.1—E -
capita-yr residence, caplta-yr residence residence yr

Using these estimates for phosphorus contributions to the septic system from each
permanent and temporary residence on Brant Lake, a total contribution can be calculated:

42-X8P 63 residence="264 6kg- P (583 4lbs-P)
residence
kg-P
2.1 x 200residence= 420.0kg- P (926.1lbs - P)
residence

An estimated total of 684.6 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 171.2-kg P (377.5 lbs) to 513.5-kg P (1,132.3 lbs)
could potentially be delivered to Brant Lake over a 1-year period. The total input of
phosphorus was estimated at 25,018.9 lbs for 1995. Using the range of 377.5 lbs to
1,132.3 lbs of phosphorus delivered to Brant Lake from the septic systems, these two
load numbers could potentially constitute 1.5% to 4.5% of the total phosphorus load to
Brant Lake.

Many of the soils rated for use as septic tank absorption fields in the Lake County Soil
Survey were given ratings ranging up to severe (percolates slowly). These soils are
comprised of higher clay content which allows less water to percolate between the soil
particles. This forces the water to follow preferential flow paths and can result in septage
contamination of a nearby lake if the less restrictive pathway through the soils leads to
the lake. This is especially true if the onsite septic system has been failing for a number
of years. The septage may only come into contact with a small fraction of the available
soil volume (Hutchinson and Jowett, 1997). In addition, high or perched water tables
would greatly increase the movement of phosphorus through the soil particles. The
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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 permanent residences.
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 original wastewater.

Continuing efforts should be made to secure funding for a centralized sanitary sewer
system on Brant Lake. Every opportunity to limit the amount of phosphorus delivered to
the lake should be pursued to reduce the inlake concentrations of phosphorus and,
consequently, limit the growth of the algae. If funding cannot be secured for a
centralized sanitary sewer system the homeowners surrounding Brant Lake should
upgrade their individual septic systems with modern units and properly maintain them to
reduce the potential of septage reaching the lake. Lake Poinsett has 153 residences
served by a centralized sanitary sewer system. As these cabins were being hooked to the
central sewer system it was discovered that 75 to 80% of the individual septic systems
were failing, indicating how important it is to upgrade old and dilapidated systems
(Englund, 1995).
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Fisheries Data

The following discussion was taken from the South Dakota Statewide Fisheries Survey
for Lake Herman, Lake Madison, and Brant Lake. The entire fisheries survey for each
lake is included in the Appendix C.

Definitions:

Proportional Stock Density (PSD) is calculated by the following formula:

Number of Fish > quality length g

Number of Fish > stock length
PSD is unitless and usually calculated to the nearest whole digit

PSD = 100

Relative weight (Wr) is a condition index that quantifies fish condition i.e. how
much a fish weighs compared to its length. When mean Wr values are well below
100 for a size group, problems may exist in food and feeding relationships. When
mean Wr values are well above 100 for a size group, fish may not be making the
best use of available prey.

Lake Herman

Walleye gill net catch-per-unit-effort (CPUE) was 26.3 in 1994, decreased to 17.0 in
1995, then increased to 71.3 in 1996. Proportional stock density (PSD) for the same time
- period was 35, 60, and 28, respectively. Age and growth analysis indicates that the
walleyes are reaching 35.5 centimeters or 14 inches between Ages 3 and 4 which is
nearly average for South Dakota waters. The length-frequency histogram (Appendix C)
indicates that a large number of walleyes are 23-27 cm. (9.0-10.6 in.) long. Stocking
records show that 135,000 walleye fingerlings were stocked in 1995 and 2,707,000 fry
were stocked in 1996. Shoreline seining sampled 10 young-of-the-year (YOY) walleye.

Yellow perch gill net CPUE was 6.0 in 1994, increased to 14.5 in 1995, then decreased to
10.5 in 1996. PSD increased from 44 in 1994 to 89 in 1995 then decreased to 32 in 1996.
The length frequency histogram shows a good size distribution for the perch in Lake
Herman and 18 YOY were sampled by shoreline seining. The stocking record shows that
136,840 perch fingerlings were stocked in 1996.

Black crappie frame net CPUE increased from 0.5 in 1994 to 17.6 in 1995 then to 21.1 in
1996. The length frequency histogram shows most of the fish were between 21 and 26
cm. (8.3-10.2 in.) in length. Fifteen YOY crappies were sampled by shoreline seining.

Other species sampled during the survey included northern pike, carp, bigmouth buffalo,
white sucker, black bullhead, bluegill, and fathead minnow.
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Recommendations:

At the time this report is being written, Lake Herman oxygen levels were hovering
around 1 mg/L and winterkill was a real possibility. SDGF&P are planning on stocking
2,700,000 walleye fry marked with oxytetracycline in 1997 as part of a study designed to
establish walleye stocking criteria. Should winterkill occur, additional stockings of
panfish will likely be made.

Develop a habitat improvement plan for the lake that will benefit panfish and walleye
reproduction and survival of the young, reduce the number of rough fish and improve
water quality.

Lake Madison

Walleye CPUE in the gill nets was 12.5 in 1994, increased to 36.0 in 1995, then
decreased slightly to 32 in 1996. Growth rates are below average for South Dakota water
with walleyes reaching 35.6 centimeters sometime between their fourth and fifth year.
The length-frequency histogram for walleyes shows most walleyes ranging in size from
27 to 42 cm. (10.6-16.5 in.). Shoreline seining sampled eighty-two YOY walleye that
may have come from a stocking of 561,800 fingerling in 1996.

Gill net CPUE for yellow perch was 4.8 in 1994, increased to 61.3 in 1995, then
decreased slightly to 44.7 in 1996. The length-frequency histogram for yellow perch
shows two main year classes, one ranging in size from 13 to 19 cm. (5.1-7.5 in.) and one
from 20 to 25 cm. (7.9-9.8 in.). Ten YOY yellow perch were sampled by shoreline
seining indicating some natural reproduction. )

Carp, bullhead and other rough fish numbers are at fairly low numbers and are not a
concern at this time. Other species sampled during the survey included white sucker,
bigmouth buffalo, black crappie, bluegill, northern pike, fathead minnow and Johnny
darter. Data concerning these species is presented in the Appendix 3.

Recommendations:

Stock 28,000 yellow perch adults in 1997 to increase and maintain gill net CPUE at 50 or
above to meet Systematic Approach to Management (SAM) objectives. Madison needs
supplemental stocking to compensate for a lack of natural habitat necessary for consistent
recruitment.

Although no artificial habitat work will be done in 1997, continue to develop a habitat

improvement plan for Lake Madison that incorporates artificial structures, fishing piers,
rough fish removal and watershed management.
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Brant Lake

Walleye gill net CPUE was 2.5 in 1994, increased to 14.2 in 1995, and increased again to
26.8 in 1996. PSD for the same time period increased from 0 to 42. Age and growth
analysis shows that the walleyes in Brant are not attaining 35.5 cm or 14 in. until Age 4
and 5 which is slower than average for South Dakota. The length frequency histogram in
Figure 1 illustrates an excellent size distribution of walleyes in the lake.

Smallmouth bass frame net CPUE decreased from 2.3 in 1994 to 1.2 in 1995 then jumped
to 18.7 in 1996. Mean relative weight (Wr) was 99 and PSD was only 7. Age and
growth analysis showed growth was only slightly below average for South Dakota
waters. The length frequency histogram shows that most smallmouth sampled were
between 14 and 23 cm (5.5-9.1 in.) long. Shoreline seining sampled only one young-of-
the-year (YOY) smallmouth.

Yellow perch gill net CPUE was 3.3 in 1994, increased to 12.7 in 1995 and increased
again to 16.5 in 1996 with a PSD of 62 and a mean Wr of 111. The length-frequency
histogram shows the perch ranged in length from 14 to 27 cm. (5.5-10.6 in.) with a good
distribution. The increase in perch CPUE may be attributed to the stocking of 5,763
adults in 1995 and 45,600 fingerlings with 7,026 adults in 1996 and the placement of
artificial spawning structure in the west inlet.

Other species sampled during the survey included white sucker, northern pike, black
bullhead, spottail shiner, carp, shorthead redhorse, bigmouth buffalo, bluegill, black
crappie, channel catfish, Johnny darter and fathead minnow. Data concerning these
species can be found in Appendix 3.

Recommendations:

1. Stock 1,974,000 walleye fry marked with oxytetracycline in 1997 as part of a
study designed to establish walleye stocking criteria.

2. Stock 9,870 black crappie adults in 1997 to increase the brood stock population of
the lake.

3. Stock 98,700 bluegill fingerlings in 1997 to increase the population.

4. Stock 9,870 yellow perch adults in 1997 to increase the adult population of the
lake.

5. Develop a habitat improvement plan for the lake that includes Christmas trees for
perch spawning and shoreline brush piles for crappie, bass and bluegill benefits.

6. Black bullhead CPUE has increased from 1995 to 1996 and the population should

be monitored closely. Continued increase in the population would warrant
contacting the assigned commercial fisherman for bullhead removal.
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Agricultural Nonpoint Source Model Conclusions

This is the conclusion to the AGNPS report. The entire report can be found in Appendix
A.

Sediment

The overall sediment loadings from the watershed to the outlet of Brant Lake is very low
(.07 tons/acre 25 year event). This rate is equivalent to 3015 tons of sediment. This rate (.07
tONS/aCTe 25 year event) 1S much lower than the calculated subwatershed mean value of 0.76
tons/acre 25 year event- Lhis difference can probably be attributed to the impact of the
routing of sediment through the Madison/Round/Brant lakes. Due to the trapping
efficiency of these three lakes, the net watershed sediment deliverability rate at the outlet
of Brant Lake of .07 tons/acre 25 year event appears to be very low. However, this low rate
under estimates the status of erosion and sediment deliverability rates throughout the
watershed. When a detailed subwatershed analysis was performed, six of the 23
subwatersheds analyzed appeared to have very high sediment deliverability rates.

An analysis of individual cell sediment yields indicated that out of the 1100 cells found
within the Madison/Brant watershed, 75 (6.8%) had sediment erosion yields greater than
8.0 tons/acre 25 yearevent - 1he suspected primary source of elevated sedimentation within
the critical cells is from agricultural lands which have land slopes of 7% or greater which
are utilized as cropland (high C-factor), or rangeland areas located on land slopes of 12%
or greater which are overgrazed and therefore in poor condition. In order to reduce
sedimentation from these 75 critical cells, the appropriate best management practices
should be installed.

Therefore, it is recommended that efforts to reduce sediment should be focused within the
identified critical subwatersheds and individual critical erosion cells located throughout
the watershed. It is recommended that any targeted cell should be field verified prior to
the installation of any best management practices.

Nutrients

Overall, the nutrient loadings from the Madison/Brant watershed to the outlet of Brant
Lake is .0011 tons/acre 25 year event for total nitrogen and .0003 tons/acre 2s year event for total
phosphorus. The estimated total 25 year event load of nutrients delivered at the outlet of
the Brant Lake is 50.2 tons of nitrogen and 12.3 tons of phosphorus. This is probably
pessimistic due to the sediment trapping impact of the Madison/Round/Brant lakes.
However, the average subwatershed nutrient deliverability rate within the Madison/Brant
watershed was estimated to be .0022 tons/acre 25 year event for nitrogen and .0008 tons/acre
25 year event fOr phosphorus. When a detailed subwatershed analysis was performed, five of
the nineteen subwatersheds analyzed appeared to have high nutrient deliverability rates.
An analysis of individual cell nutrient yields indicated that out of the 1100 cells found
within the watershed, 74 (6.7%) had sediment nitrogen yields greater than 9.8 lbs./acre
and sediment phosphorus yields greater than 4.9 lbs./acre. The majority of the identified
critical cells (approximately 85%) are primary cells.
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Based upon a subwatershed area weighted to number of critical cells analysis, the most
critical source of nutrients and deliverability are from five of 23 subwatersheds analyzed.
The elevated nutrient levels found within three of these subwatersheds are associated
with nutrients from agricultural lands which are utilized as cropland and where fertilizer
is applied. This is verified by the fact that of the 15 critical nitrogen cells located within
these three subwatersheds, 12 are associated with high sediment yields (> 8.0 tons/acre)
and 9 are associated with high levels of fertilization with at least a 20% availability
factor. The suspected source of the elevated nutrient levels found within the
Madison/Brant watershed is probably from animal feeding operations and the application
of fertilizers on cropland and on highly erodible soils and slopes. Therefore, it is
recommended that efforts to. reduce nutrients should be focused within the identified
critical subwatersheds, individual critical nutrient cells and priority animal feeding areas
located throughout the watershed.

Animal Feeding Areas

Upon an analysis of 41 animal feeding areas found within the watershed, it was
determined that 24 animal feeding operations are contributing excessive nutrients to the
watershed (AGNPS ranking > 30). A total of three animal feeding areas with an AGNPS
rank > 50 were identified. An analysis to evaluate the impact of feeding areas was also
performed. When the model was run with the feeding areas with an AGNPS rating > 30
taken out of the watershed, the total phosphorous load into Madison Lake was reduced
from 37,285 Ibs. to 26,952 Ibs. (27.7% reduction) and the total nitrogen load into
Madison Lake was reduced from 115,884 Ibs. to 77,089 Ibs. (33.5% reduction). When
this scenario was applied to Brant Lake, the total phosphorous load into Brant Lake was
reduced from 34,812 Ibs. to 21,328 1bs. (38.7% reduction) and the total nitrogen load into
Brant Lake was reduced from 118,900 Ibs. to 73,115 1bs. (38.5% reduction).

It is recommended that the feeding areas with an AGNPS ranking > 20 should be
evaluated for potential operational or structural modifications in order to minimize future
nutrient releases. It is also recommended that all other potential feeding
operations/practices within the Madison/Brant watershed be evaluated and that efforts to
reduce nutrients be targeted to the installation of appropriate best management practices
in order to minimize the impacts of animal feeding areas.

It is recommended that efforts to reduce sediment and nutrients be targeted to the
installation of appropriate best management practices on cropland (= 4% slope),
conversion of highly erodible cropland lands (= 7%) to rangeland or CRP, improvement
of land surface cover (C-factor) on cropland and rangeland, fertilization practices, and
measures initiated to reduce nutrient runoff from animal feeding areas.

The implementation of appropriate best management practices targeting identified critical
cells, priority subwatersheds and priority feeding areas upon the completion of a field
verification process should produce the most cost effective treatment plan in reducing
sediment and nutrient yields from the Madison/Brant watershed.
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If you have any questions concerning this study, please contact the Department of
Environment and Natural Resources at 605-773-4254.
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CONCLUSIONS

Water Quality Standards

During the project there were only 14 exceedances of the water quality standards for the
tributary samples collected from Silver Creek (outlet of Lake Herman to Bourne Slough).
Nine of these exceedances were associated with the pH standard of 9.0 su. In addition, at
Site LMT2 there was one sample which exceeded the dissolved oxygen standard of 4.0
mg/L and one sample that exceeded the unionized ammonia standard of 0.05 mg/L. The
remaining three tributary exceedances surpassed the standard of 2,000 fecal coliform per
100 ml for any one grab sample. These three samples all occurred on the same date of
June 28, 1995. No other tributary samples exceeded any of the assigned tributary water
quality standards.

The inlake water quality standards were exceeded many times by a variety of parameters
in Lake Madison and Brant Lake. There were a total of 19 unionized ammonia
exceedances of the standard of 0.04 mg/L. Fourteen of which were from Lake Madison
and five from Brant Lake. There were 29 documented exceedances from Lake Madison
and Brant Lake of the pH standard 9.0 su. Most of the pH exceedances can be attributed
to algal blooms. There were 19 dissolved oxygen observations that exceeded the
standard of 5.00 mg/L.. Brant Lake only exhibited two of the dissolved oxygen
exceedances, which were collected at both of the bottom sites (BL4 and BLS5). Lake
Madison exhibited 17 dissolved oxygen exceedances. Eleven of these 17 occurred during
January and February of 1995 during snow cover and reduced photosynthesis. There was
one exceedance of the temperature standard for Brant Lake. The fecal coliform standard
was exceeded only once from a sample collected from Bourne Slough and reached a
concentration 550 coliform per 100ml on June 28, 1995. All of the above exceedances of
the water quality standards are associated with excessive nutrient inputs into the lake and
the presence of livestock in the streams.

Seasonal Water Quality

Typically, many water quality parameters decrease in concentration as the volume of
water increases. This occurred for the inlake sample concentrations. During the spring
runoff (March — May) when in some cases 70% of the runoff occurred for some of the
tributary sites, the inlake concentrations for nutrients and suspended solids concentrations
decreased. As the runoff decreased the concentrations began to increase through the
summer sampling period. Tributary sample concentrations exhibited a variety of
seasonal trends. Site LMT1 (outlet of Lake Herman) exhibited the maximum
concentrations during the spring and as the sampling year continued the samples
decreased in concentrations. However, this was highly dependent upon the individual
parameter. Nutrients were typically higher in the spring with periodic spikes occurring
during the year, which may have been due to fertilizer and animal waste runoff.
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Tributary Sampling

Site LMT1 is the outlet of Lake Herman and Site LMT?2 is located approximately 2 miles
downstream in Silver Creek (Figure 58). There were significantly larger nutrient and
fecal coliform concentrations collected from Site LMT2 compared to Site LMT1. These
higher concentrations at Site LMT2 resulted in very higher export coefficients per unit
area (Ibs/acre/yr) for nutrients and sediments.

Site LMT3 monitored a small tributary draining 1400 acres from the northwest part of the
watershed (Figure 58). It is the least impacted subwatershed within the Lake Madison
watershed. Although this monitoring station exhibited the lowest concentrations of
nutrients and sediment, it did exhibit the highest fraction of dissolved phosphorus (84%).

Site LMT4 monitored the 13,880-acre subwatershed draining from the north by Memorial
Creek (Figure 58). This site also exhibited a high fraction of dissolved phosphorus but
also had excessive levels of total phosphorus and nitrogen. Compounded with the high
levels of nutrients there were consistently higher levels of fecal coliform. These high
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concentrations resulted in moderately high nutrient export coefficients, which may be
largely attributed to livestock grazing and feedlots. Fertilizer application may also play a
role in the higher export coefficients.

Site LMTS5 is located downstream from the city of Madison and Sites LMT1-LMT4
(Figure58). A 7.5-ton nitrogen loss in loadings occurred between the upstream sites and
Site LMTS5. This nitrogen loss was attributed to the recharge of the North Skunk Creek
aquifer during the spring of 1995. Although total phosphorus concentrations were not
significantly different from the upstream sites, the 3,480 acres exhibited the second
highest export coefficient per acre. There was also a significant amount of sediment
gained during the project at this site resulting in the third highest sediment export
coefficient. This was attributed to runoff from the urban storm sewers.

Site LMT6 is located downstream of Site LMT5 and drains 5,000 acres excluding the
area above Site LMTS5 (Figure 58). It also drains a small tributary from the west before
Silver Creek enters Bourne Slough. Site LM6 nutrient concentrations were not
significantly different from Site LMT5 upstream. However, there was a large increase in
the suspended solids concentrations. Fecal coliform also exhibited the highest mean
concentration for all the sites monitored during the study. This indicates the presence of
animal waste material and riparian degradation between Site LMT5 and Site LMT6. The
phosphorus export coefficients were significantly lower than Site LMT5 but suspended
sediment export coefficients increased. '

Site LMTY7 is a separate tributary draining 1,920 acres directly into Lake Madison from
the northeastern part of the watershed (Figure 58). This site exhibited a relatively low
phosphorus export coefficient but a higher sediment export coefficient. The water quality
data indicated a relatively high fraction of dissolved phosphorus and the maximum
concentration of suspended solids (936 mg/L) was also recorded from this site. This site
also consistently exhibited very high nitrate-nitrite concentrations indicating agricultural
runoff probably due to fertilizers.

Site BLTS is the outlet of Lake Madison (Figure 58). Ammonia levels were higher here
than from the other sites due to the breakdown of algae during summer. Phosphorus and
suspended solids concentrations were lower here due to the trapping efficiency of Lake
Madison. Fecal coliform concentrations were also considerably lower than the sites
previously described.

Site BLT9 is the outlet of Round Lake (Figure 58). This lake acts a retention basin for
the water and nutrient loadings discharged from Lake Madison. Concentrations of total
phosphorus and suspended solids were higher at Site BLT9 when compared to the
discharge from Lake Madison. In addition, the fraction of dissolved phosphorus was
significantly lower when compared to the discharge from Lake Madison. The higher
concentrations of TSS are primarily due to the resuspension of sediment in Round Lake.
Round Lake is a small, shallow lake and during higher flow rates from Lake Madison
when compounded with wind resuspension, result in higher concentrations of solids
discharged from Round into Brant Lake.
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Site BLT10 is a small tributary draining 1,800 acres from the northeastern part of the
Brant Lake watershed (Figure 58). Due to the higher slopes in this area grazing areas and
inadequate best management practices exacerbate existing nutrient and sediment runoff
problems. Over 70% of the loadings occurred during the spring.

Site BLT11 is the outlet of Brant Lake (Figure 58). The second lowest mean total
phosphorus concentration and the lowest mean dissolved phosphorus concentration was
observed from this site. These observations are a result of the retention of nutrients and
sediment by the lake before the water is discharged from Brant Lake.

Comparison of Water Quality Data and AGNPS Modeling

The AGNPS computer modeling conducted on the Lake Madison/Brant Lake watershed
indicated high sediment and nutrient yield results from the same subwatersheds where
water quality data indicated export coefficients for these same parameters. AGNPS
indicated that subwatershed 6 (AGNPS report) delivered high amounts of sediment to
Lake Madison. Subwatershed 6 was monitored by Site LMT7 in the lake assessment
study. Site LMT7 had a very high sediment export coefficient at 165.68 lbs/acre/yr to
Lake Madison. There were several smaller subwatersheds located in the 44,000 acre
watershed which exhibited the potential for high sediment yield but were not monitored
during the lake assessment study.

In addition to high sediment, high nutrient contribution was identified in other
subwatersheds. These critical subwatersheds less than 2000 acres were located in areas
adjacent to the Lake Herman outlet and northeast of Madison Lake, north of Round Lake
and north and east of Brant Lake. They are contributing more than 5 Ibs/ acre of nitrogen
and more than 2 lbs/acre of phosphorus. Subwatershed 3 is included in these smaller
subwatersheds less than 2000 acres. Subwatershed 3 was monitored above by the Site
LMT1 and downstream through Site LMT2. The phosphorus and nitrogen export
coefficients from Site LMT2 were higher than any of the other monitored tributary sites.
Site LMT2 had a nitrogen export of 25.72 lbs/acre and a phosphorus export of 1.55
Ibs/acre confirming that the water quality data and the AGNPS identified the same areas
as providing larger amount of nutrients to Lake Madison and Brant Lake.

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

Hydrologic and Nutrient Loadings

Silver Creek ran continuously during 1995 discharging 30,355 acre-feet of water into
Lake Madison which constituted over 75% of the hydrologic load. ~Groundwater
constituted only an estimated 1.6% of the overall hydrologic budget for Lake Madison.

119



The two primary components of the hydrologic budget of Lake Madison were Silver
Creek and precipitation (19.4%).

The primary component of the hydrologic budget for Brant Lake was the discharge from
Lake Madison (73%). Groundwater and precipitation comprised 18.2% and 5.9% of the
Brant Lake hydrologic budget, respectively.

Silver Creek constituted 91% of the total amount of sediment discharged into Lake
Madison. Lake Madison and Brant Lake accumulated 2,341.5 and 180.9 tons of
sediment, respectively. These figures indicate that sedimentation from the watershed is
not a problem for Lake Madison or Brant Lake.

Silver Creek constituted over 92% of the overall phosphorus budget for Lake Madison
whereas groundwater only constituted 0.4% of the overall phosphorus budget to Lake
Madison. Lake Madison accumulated 9,828.2 lbs of phosphorus during 1995. Brant
Lake accumulated 3,951.9 lbs of phosphorus. The discharge from Round Lake
constituted 88% of the overall phosphorus load to Brant Lake. Round Lake actually
discharged more phosphorus than was delivered to it from Lake Madison during 1995.

Storm Sewers

The USEPA Simple Method for calculating pollutant loadings from urban areas was used
to develop loadings from the city of Madison storm sewers. From this calculation
method a minimum and maximum loading rate from the city of Madison’s 2,214.5 acres
was determined. The amount of phosphorus, which was calculated from the actual water
quality data, estimated the city’s contribution at approximately 2,951 lbs per year. This
number derived from the actual water quality data fell within the range of loadings
calculated using the USEPA Simple Method, which was 820 Ibs to 10,413 lbs of
phosphorus. The 2,915 Ibs of phosphorus contributed by the city in 1995 constituted
13% of the total load delivered to Lake Madison from Silver Creek.

Inlake

Lake Madison and Brant Lake are too shallow to undergo stratification. The predominant
algal species in both lakes was Aphanizomenon flos-aquae. This blue green algae favors
high concentrations of phosphorus. Mean concentration of phosphorus in surface
samples from Lake Madison and Brant Lake was 0.271 mg/L and 0.170 mg/L,
respectively. This is considerably higher than the requirement to initiate intense blue-
green algal blooms which is 0.02 mg/L. The fraction of dissolved phosphorus for both
lakes averaged between 63% and 64%. During spring runoff, nutrient concentrations
decreased but then increased during the summer months.

Limiting Nutrient and Trophic State Index (TSI)

Since blue-green algae are only able to assimilate dissolved phosphorus but can
assimilate several kinds of nitrogen, a total nitrogen to dissolved phosphorus ratio was
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used to determine the limiting nutrient. When the total nitrogen to dissolved phosphorus
ratio increases to 7:1, blue green algae appear to be phosphorus limited. The average
total nitrogen to dissolved phosphorus ratio for Lake Madison was 29:1. Turbidity was a
limiting factor in Bourne Slough where shallow depth allows resuspension of solids,
reducing the amount of available light. Brant Lake exhibited the phosphorus limitation
phenomenon. The average total nitrogen to dissolved phosphorus ratio for Brant Lake
was 25:1. The mean total phosphorus trophic status was (TSI) 84 for Lake Madison and
77 for Brant Lake. The hypereutrophic range of Carlson’s Trophic Index begins at 65
indicating that both Lake Madison and Brant Lake are in the hypereutrophic range.

Long-Term Trends

Data collected in 1979 and from 1991 to 1993 for the Statewide Water Quality
Assessment and compared to data collected for this project, indicated that the overall
water quality in Lake Madison and Brant Lake has not changed significantly in that
period of time.

Chlorophyll a and Phytoplankton

The high surface concentrations of chlorophyll @ indicated extensive blooms or algal
increases that occurred during the summer in both lakes. Summer concentrations were
higher in 1995. During 1995, summer chlorophyll a peaked during early July and
August. The predominant algae present in Lake Madison during the summer samples
were large populations of blue-green algae explaining the increase in chlorophyll.
Microcystis spp., Aphanizomenon spp., Oscillatoria spp., and Anabaena spp. were all
present in greater numbers than any other species. The summer chlorophyll a
concentrations for Lake Madison ranged well within the hypereutrophic range, with TSIs
in excess of 90.

Brant Lake typically followed the same trend in chlorophyll a concentrations although
maximum values were not as large as Lake Madison. The maximum chlorophyll a
concentration observed during the project resulted in a TSI of 83.4, falling well within the
hypereutrophic range. The blue-green algae taxa Aphanizomenon, Oscillatoria, and
Anabaena, dominated the algal community during the summer.

Relatively significant relationships were found between total phosphorus and chlorophyll
. a concentrations collected from both lakes. After analyzing all data available for Lake
Madison only the data collected from Site LM2 in 1995 was found to exhibit a significant
relationship between total phosphorus and chlorophyll @ (R>= 0.65). After analysis was
completed on total phosphorus and chlorophyll a data collected from Brant Lake,
outlying data points were removed from analysis. Only 1994 and 1995 data from Brant
Lake were included in the regression analysis resulting in an R? of 0.58. Data collected
prior to 1994 were not included in the analysis as these were atypical years (such as the
flood in 1993) that diluted the concentrations of phosphorus and chlorophyll a. To make
the reduction response model more accurate, data collected in 1994 and 1995, which
reflected a more average year, were used.
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Lawn Fertilization

An estimate of the contribution of lawn fertilizers to the phosphorus budgets for both
Lake Madison and Brant Lake was calculated. The estimated loadings from lawn
fertilization potentially contribute 0.77% of the overall total phosphorus loadings to Lake
Madison and 0.2% of the total phosphorus inputs to Brant Lake. Higher contributions
may occur from lawns with extremely steep slopes.

Onsite Wastewater Disposal Systems

Lake Madison is serviced by a central sewer system and was not included in this analysis.
The amount of total phosphorus delivered to Brant Lake from onsite wastewater disposal
systems could constitute anywhere from 1.5% to 4.5% of the total phosphorus load to
Brant Lake. :

Reduction Response Model

A model estimated the effects of reducing phosphorus in the watershed for both Lake
Madison and Brant Lake. A 50% reduction of tributary loadings to Lake Madison and
Brant Lake would result in a chlorophyll a concentration reduction of 88% and 90% for
each lake, respectively. If the reduction could be reached, the TSI ranking for
chlorophyll a would be reduced to mesotrophic for both lakes. However, a more realistic
goal is a reduction of 40% for the tributary loadings. This would reduce the chlorophyll
a concentrations for each lake by 79% and 72%, respectively. The TSI ranking for
chlorophyll @ would fall within the lower end of the eutrophic range which begins at 50.

RESTORATION ALTERNATIVES

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

There are a variety of sources of phosphorus that were identified within the Lake
Madison and Brant Lake watersheds. In addition, the Phase III final report for Lake
Herman identified sources of phosphorus within the Lake Herman watershed. Various
treatments and best management practices will need to be implemented in order to
accomplish a 50% reduction of phosphorus loadings.
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In order to achieve this reduction a variety of best management practices (BMPs) need to
be implemented in the watersheds. According to the AGNPS program, with BMP
installation on those 40-acre cells with a rate of erosion greater than 7.0 tons per acre, and
if all of the feeding areas that are contributing nutrients to the lakes are controlled, you
can expect a reduction in total phosphorus loadings of 32.5% and 40.0% for Lake
Madison and Brant Lake, respectively (Table 33).-

A phased implementation project will be required to complete the treatments identified in
the AGNPS analysis. A 2-year project focusing on the significantly worse areas should
be attempted first, laying the groundwork for a long-term restoration project.

Another 10-13% reduction in phosphorus loadings can be realized if the storm sewers
contributing nutrients to the Silver Creek are rerouted, reduced or eliminated. Lake
Madison can then achieve and Brant Lake can exceed a 40% reduction in the phosphorus
load. The storm sewers present a direct discharge from an urban area. Any hazardous
spill in the drainage area of the storm sewers would result in damage to Lake Madison
and Brant Lake. There are a variety of BMPs specifically tailored to urban areas that can
help achieve a significant reduction of nutrient and sediment loadings.

These reductions do not take into consideration any reduction or BMP installation
improving the water quality of Lake Madison and Brant Lake affected by lawn

| Table 33. Agricultural Nonpoint Source Computer Model Reduction Response Results.

Percent Reduction in nutrients if:

AGNPS Celis with Erosion | All feeding areas AGNPS Cells with

> 8.0 tons/acre and 11 identified by AGNPS | Erosion > 7.0

Nutrient Total feeding areas as contributing any tons/acre and all
Loadings nutrients feeding areas

Lake Nitrogen (lbs) 115,884 15.2% 33.4% 36.3%
Madison | Phosphorus (Ibs) 37,285 15.1% 27.7% 32.5%
Brant Nitrogen (lbs) 118,900 20.7% 38.5% 39.6%
Lake Phosphorus (lbs) 34,812 24.1% 38.7% 40.0%

fertilization. Contributions of phosphorus from lawn fertilization can be reduced through
the use of natural buffers or filter strips between the lake and the managed lawn,
especially on lawns with high slopes. There are also available no-P fertilizers such as
CENEX/Land O’Lakes “Clear Lake” fertilizer which is phosphate-free (26-0-7 = N-P-K).
A second source of no-P fertilizer is Organic N soy-bean based fertilizer (6-0-6) from
Renaissance Fertilizers, Edina, Minnesota. Another option is using straight ammonium
nitrate fertilizer. These recommendations are for information only and do not imply
endorsement by the SDDENR.

These fertilizer recommendations also apply to golf courses. The golf course, along the
shore and main tributaries of Lake Herman should reconsider its management practices of
fertilization and irrigation. Although no data was collected on the golf course
specifically, in general, golf courses use large amounts of fertilizer and a great deal of
water to maintain good conditions.
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Lake Herman is a major phosphorus contributor to Silver Creek, Lake Madison, and
Brant Lake. The reductions in phosphorus loadings described above do not consider the
impact of water quality improvements within the Lake Herman watershed. If the water
quality can be improved within the Lake Herman watershed, a further reduction in total
phosphorus loadings will be realized for the lakes downstream. Please see the Phase III
Post-Implementation Investigation of Lake Herman final report for restoration
alternatives for the Lake Herman watershed. A copy of this report can be obtained from
the SD DENR in Pierre, SD.

The installation of a centralized sewer system or continued upgrades to modern
individual septic and holding tanks should be conducted for Brant Lake. Some type of
modernized nutrient abatement procedure needs to be implemented for the failing onsite
wastewater disposal systems of Brant Lake. The contribution of nutrients from these
individual facilities will only become worse if improvements are not completed.

The Lake Madison Sanitary District and the city of Madison should add total phosphorus
to their groundwater monitoring program for the wells surrounding these two wastewater
treatment facilities. Although the nutrient mass balance calculations indicated that these
facilities were contributing minor amounts of phosphorus to Lake Madison, the potential
for major contributions of nutrients from the groundwater due to septage contamination is
real. In addition, 2-3 piezometers (shallow wells) should be installed near the shoreline
of Bourne Slough near the wastewater ponds of the Lake Madison Sanitary District. This
should be completed at the beginning of the Phase II Implementation project. These
piezometers will be used to monitor the nutrient contributions from the wastewater
seepage to Lake Madison.

The city of Madison’s Surface Water Discharge permit allows for emergency discharges
from their wastewater facility. These discharges are due to excessive precipitation
causing lift station failures. During these discharges the city is required by the permit to
notify the SDDENR and sample the discharge. Water quality samples are collected
above and below the discharge point to assess the water quality impact on Silver Creek
(Woodmansey, 1998). Phosphorus should be added to the parameter list so that the total
nutrient loading to Silver Creek and Lake Madison can be determined during these
discharges. Nuisance algal blooms are a significant problem on Lake Madison and Brant
Lake reducing their recreational value during the summer. All nutrient sources need to
be reduced in order to achieve a 50% reduction and allow full beneficial use of these two
lakes.

A final option to improve the water quality of Lake Madison and Brant Lake is dredging.
The contribution of internal phosphorus loading to the nutrient budget of Lake Madison
and Brant Lake was not calculated. Bourne Slough continually receives phosphorus from
Silver Creek. Phosphorus is then transported into the main inlake area of Lake Madison.
The shallow nature of Bourne Slough has reduced its capacity to withhold phosphorus
from the rest of Lake Madison. A small sediment removal project to increase the depth
around the mouth of Bourne Slough may increase its ability to retain a greater amount of
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phosphorus. A sediment survey should be conducted to determine the volume and
distribution of sediment within Bourne Slough and the feasibility of a sediment removal
project.

It was also identified that Round Lake was releasing more sediment and phosphorus to
Brant Lake than it received from Lake Madison. A sediment survey should also be
completed on this 152-acre lake to determine the volume and distribution of sediment.
From this data a cost/benefit analysis of sediment removal can be completed.
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EXECUTIVE SUMMARY

The Madison/Brant watershed is located in eastern South Dakota and includes the city of Madison, South
Dakota. The size of the Madison/Brant watershed and area modeled was 44,000 acres. This area is defined by
the drainage area from the headwaters of Memorial Creek (southeast of Ramona, S.D.) and the outlet of Lake
Herman to the outlet of Brant Lake.

In order to further evaluate the water quality status of the Madison/Brant watershed, landuse and geo-technical
information was compiled. This information was then incorporated into a computer model. The primary
objectives of utilizing a computer model on the Madison/Brant watershed was to:

1.) Evaluate and quantify Nonpoint Source (NPS) yields from each subwatershed and determine the net
loading at the outlet of Brant Lake;

2.) Define critical NPS cells within each subwatershed (elevated stiment, nitrogen, phosphorus); and

3.) Priority rank each animal feeding area and quantify the nutrient loadings from each area.

Based on the results of the computer model, the following conclusions were formulated :

1. Watershed/ Subwatershed Analysis
Sediment - Based upon a comparison of other watersheds in Eastern South Dakota, the AGNPS data

indicates that the Madison/Brant watershed has a very low sediment deliverability rate at the outlet of Brant
Lake (.07 tons/acre,s year event)- 1his is equivalent to a load of 3015 tons of sediment. However, an analysis

of the sediment transport and deliverability throughout the watershed indicated that during a 25 year storm
event, approximately 15,130 tons of sediment enter Madison Lake and 2,419 tons of sediment leave the
lake, and approximately 9,626 tons of sediment enter Brant Lake and 3,015 tons of sediment leave the lake.
This correlates to a trapping efficiency of 84% for Madison Lake and 69% for Brant Lake. Due to the
trapping efficiency of these two lakes, the net watershed sediment deliverability rate at the outlet of Brant
Lake of .07 tons/acre ;s year event aPPeArs to be very low. However, this low rate under estimates the status

of erosion and sediment deliverability rates throughout the watershed. The mean subwatershed sediment
deliverability rate in the Madison/Brant watershed was estimated to be 0.74 tons/acreys year event-

When a detailed subwatershed analysis was performed, six of the 23 subwatersheds analyzed appeared to
have very high sediment deliverability rates. Subwatersheds 6(#823), 16(#714), 20(#783), 22(#822),
23(#1047) and 25(#1090) were found to be delivering high amounts of sediment to the watershed. These
six subwatersheds are located north-northeast of Madison Lake, north of Round Lake and north of Brant
Lake. The suspected source of this sediment is from agricultural land which have slopes ranging from 7-
18% and are currently cropped or have poor vegetative cover. The conversion of this acreage to a high
residue management system or rangeland (landslopes > 7%) should reduce the volume of sediment
delivered to watershed. Overall, the total sediment delivered from the Madison/Brant watershed is high
when adjusted for its watershed size and deliverability system.

Nutrients - The AGNPS data indicates that the Madison/Brant watershed (at the Brant Lake outlet) has a
total nitrogen (soluble + sediment bound) deliverability rate of .0011 tons/acress year event » and a total
phosphorus (soluble + sediment bound) deliverability rate of .0003 tons/acre;s year event - However, the
mean subwatershed nutrient deliverability rate within the Madison/Brant watershed was estimated to be
.0022 tons/acre 35 year event fOr nitrogen and .0008 tons/acre 35 year event for phosphorus. When a detailed
subwatershed analysis was performed, six of the nineteen subwatersheds analyzed appeared to have high
nutrient deliverability rates. Subwatershed 3(#477) high nutrient rate of .0084 tons/acres year event (high
water soluble) can be attributed to the high nutrient releases from Lake Herman for the model storm event.
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Subwatersheds 16(#714), 19(#776), 20(#783), 22(#822) and 23(#1047) appear to be contributing elevated
levels of total nutrients, however this can probably be attributed to nutrients which are associated with the
high sediment yields from the subwatersheds. This is verified by the fact that of the six critical nutrient
subwatersheds, five are subwatersheds that were listed inthe previous section as having high sediment
yields, and all six are associated with high levels of fertilization with at least a 20% availability factor. The
elevated nutrient levels found within subwatersheds 20(#783) and 23(#1047) are associated with nutrients
from agricultural lands which are utilized as cropland and where fertilizer is applied. Overall, the total
nutrients delivered from the Madison/Brant watershed is high when adjusted for its watershed size and
deliverability system The most likely source of nutrients is probably from fertilization practices on
cropland, sediment attached nutrients and from animal feeding operations within the watershed.

2. Critical NPS Cells

Sediment - An analysis of individual cell sediment yields indicated that out of the 1100 cells found within
the Madison/Brant watershed, 75 had sediment erosion yield greater than 8.0 tons/acres year event - This is

approximately 6.8% of the cells found within the entire watershed. The suspected primary source of
elevated sedimentation within the critical cells is from agricultural lands which have landslopes of 7% or
greater which are utilized as cropland (high C-factor), or rangeland areas located on landslopes of 12% or
greater which are overgrazed and therefore in poor condition. Based upon a subwatershed area weighted to
number of critical cells analysis, the most critical area for sediment erosion and deliverability was found to
be from subwatersheds 6(#823), 9(#1048), 20(#783), 23(#1047), and 25(#1090). In order to reduce
sedimentation from these 75 critical cells, the appropriate best management practices should be installed.

Nutrients - An analysis of individual cell nutrient yields indicated that out of the 1100 cells found within
the watershed, 74 had sediment nitrogen yields greater than 9.8 Ibs./acre and sediment phosphorus yield
greater than 4.9 Ibs./acre. This is approximately 6.7% of the cells within the watershed. The majority of
the identified critical cells (approximately 85%) are primary cells. The suspected source of these elevated
nutrient levels is probably from animal feeding operations and the application of fertilizers on cropland and
on highly erodible soils and slopes. Based upon a subwatershed area weighted to number of critical cells
analysis, the most critical source of nutrients and deliverability are from subwatersheds 16(#714), 22(#822)
and to a much lesser degree from subwatersheds 6(#823), 19(#776), 20(#783), 23(#1047) and 25(#1090).
Subwatershed 2(#399) contains over 50% (21 of 41) of the animal feeding areas found within the
watershed while comprising only 32% of the watershed area. The identified critical subwatersheds and
critical NPS cells should be given high priority when installing any future best management practices.

Feeding Area Evaluation- A total of 41 animal feeding areas were evaluated as part of the study. Of these,
24 were found to have an AGNPS rank of 30 or greater and 3 had an AGNPS rank of 50 or greater. The
feeding areas located within cells #474, #982 and #984 (AGNPS rank > 50) appear to be contributing
significant levels of nutrients to the watershed and feeding areas located in cells #11, #64, #65, #68, #89,
#99, #155, #162, #188, #195, #458, #592, #638, #730, #806, #813, #836 and #1051 appear to be
contributing elevated levels (AGNPS rank > 30) of nutrients to the watershed Upon an analysis of other
watersheds within eastern South Dakota , the density of potentially critical feeding areas found within the
Madison/Brant watershed is high (24 with AGNPS rank > 30). 1t is recommended that these 24 animal
feeding areas be evaluated for potential operational or structural modifications in order to minimize future
nutrient releases.
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3. Conclusions - It is recommended that the implementation of appropriate best management practices be
targeted to the critical subwatersheds, critical cells and priority animal feeding areas. However, due to the
high rate of sediment erosion found within the critical subwatersheds and their high deliverability rate,
initial efforts to reduce sediment should be targeted to these subwatersheds. Feeding areas with an AGNPS
rank > 30 should be evaluated for potential operational or structural modifications in order to minimize
future nutrient releases. The feeding areas located within cells #474, #982 and #984 appear to be
contributing significant nutrients to the watershed and should be given a priority. It is recommended that
any targeted cell should be field verified prior to the installation of any best management practices. This
methodology should produce the most cost effective treatment plan in reducing sediment and nutrient
yields from the Madison/Brant watershed.

Potential contributions of sediment from gully, riparian areas, wind and nutrients from septic systems within
the Madison/Brant watershed were not evaluated as part of the computer modeling assessment phase.
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MADISON/BRANT WATERSHED AGNPS ANALYSIS

Due to the lack of site specific water quality data, a computer model was selected in order to assess the
Nonpoint Source (NPS) loadings throughout the Madison/Brant watershed. The model selected was the
Agricultural Nonpoint Source Pollution Model (AGNPS), version 3.65. This model was developed by the
USDA - 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 waterbody. The AGNPS model is intended to be used as a tool to objectively compare
different subwatersheds within a watershed and watersheds throughout a basin.

The Madison/Brant watershed is located in eastern South Dakota and includes the city of Madison, South
Dakota (page 20). The size of the Madison/Brant watershed and area modeled was 44,000 acres. This area is
defined by the drainage area from the headwaters of Memorial Creek (southeast of Ramona, S.D.) and the
outlet of Lake Herman to the outlet of Brant Lake. Initially, the watershed was divided into cells each of
which had an area of 40 acres with dimensions of 1320 feet by 1320 feet. The dominant fluid flow direction
within each cell was then determined. Based upon the fluid flow directions and drainage patterns, 10 primary
and 9 secondary subwatersheds were identified. The AGNPS analysis of the Madison/Brant watershed
consisted of the collection of 21 field parameters for each cell, the calculation of nonpoint source pollution
yields for each cell and subwatershed, impact and ranking of each animal feeding area, and an estimated
hydrology runoff volume for each of the storm events modeled.

AGNPS GOALS
The primary objectives of running AGNPS model on the Madison/Brant watershed was to:

1.) Evaluate and quantify NPS loadings from each subwatershed;
2.) Define critical NPS cells within each subwatershed (elevated sediment, nitrogen, phosphorus); and
3.) Priority rank each animal feeding area and quantify the nutrient loadings from each area.

The following is a brief overview of each objective.

OBJECTIVE 1 - EVALUATE AND QUANTIFY SUBWATERSHED NPS LOADINGS

DELINEATION AND LOCATION OF SUBWATERSHEDS ,
Based upon monitoring sites and drainage patterns, eight (8) primary subwatersheds were delineated.

SUBWATERSHED DRAINAGE AREA OUTLET CELL # DESCRIPTION (DF SITE
1 1400 398 Park Creek N.W. Tributary (LMT 3)
2 15,280 399 Upper Park Creek (LMT 4)
3 1720 477 Silver Creek Tributary (LMT 2)
4 20,480 538 Confluence of Silver and Park Creeks (LMT 5)
5 25,480 737 Inlet to Madison Lake (LMT 6)
6 1920 823 N.E. Tributary to Madison Lake (LMT 7)
7 : 36,120 982 Outlet of Madison Lake (BLT 8)
8 38,760 1043 Inlet to Brant Lake (BLT 9)
9 1800 1048 N.E. Tributary to Brant Lake (BLT 10)
Brant Lake Outlet 10 44,000 1075 Outlet of Brant Lake (BLT 11)
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Based upon fluid flow directions and drainage patterns, fifteen (15) secondary subwatersheds were delineated.

SUBWATERSHED DRAINAGE AREA OUTLET CELL # DESCRIPTION
11 600 643 - _Tributary to Madison Lake
12 1520 646 Tributary to Madison Lake
13 240 674 Tributary to Madison Lake
14 280 680 Tributary to Madison Lake
15 120 713 Tributary to Madison Lake
16 280 714 Tributary to Madison Lake
17 25,520 738 Tributary to Madism Lake
18 240 775 Tributary to Madison Lake
19 160 776 Tributary to Madison Lake
20 880 783 Tributary to Madison Lake
21 320 817 Tributary to Madison Lake
22 240 822 Tributary to Madison Lake
23 760 1047 Tributary to Brant Lake
24 38,920 1059 Tributary to Brant Lake
25 1080 1090 Tributary to Brant Lake

Madison/Brant Subwatershed per acre loadings

T (#398)

. . 5.44 3.76 1.92 1.51

2 (#399) 315 488 5.52 3.27 1.67 1.16

3 (#477) 960 644 41.23 16.89 9.97 428

4 (#538) .196 373 7.49 3.98 1.85 1.22

S (#737) 137 .349 6.47 3.67 1.60 1.13

6 (#823) 1920 387 1.13 5.60 4.77 1.69 1.96

7 (#982) 36,120 013 067 4.64 ) 231 0.89 0.55

8 (#1043) 38,760 078 155 5.19 2.66 1.20 0.73

9 (#1048) 1800 266 877 429 3.96 141 1.61

10 (#1075) 44,000 018 069 4.55 228 0.85 0.56

11 (#643) 600 223 658 3.62 3.46 1.19 1.35

12 (#646) 1520 254 742 4.70 3.71 1.39 1.45

13 (#674) 240 158 328 5.52 2.84 1.34 0.93

14 (#680) 280 191 528 4.20 3.51 1.22 1.28

15 (#713) 120 051 162 - 2.94 1.80 0.60 0.52

16 (#714) 280 932 1.96 7.04 6.44 2.88 2.87

17 (#738) 25,520 132 331 6.20 341 1.54 1.00

18 (#775) 240 138 463 1.65 222 0.62 0.90

19 (#776) 160 141 571 5.67 5.56 1.77 1.91
20 (#783) 880 405 1.65 4.05 5.57 1.52 248

21 (#817) 320 .060 .148 1.13 1.07 0.30 0.33
22 (#822) 240 1.05 2.09 7.94 6.82 3.12 3.04
23 (#1047) 760 923 1.36 8.55 5.38 2.99 225
24 (#1059) 38,920 062 .015 5.03 2.63 1.09 0.72
25 (#1090) 1080 331 1.11 4.61 4.93 1.56 2.02

~ MEAN 104 267 347 434 1.02 133
MEDIAN 076 189 226 . 232 0.67 0.77
STDS 066 262 3.03 455 0.88 1.34
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Madison/Brant Subwatershed Zozal loadings

1 (#398) 1400 657 1138 4 3 1
2 (#399) 15,280 4810 7459 42 25 13 9
3 (#477) 1720 1650 1108 35 15 9 4
4 (#538) 20,480 4018 7648 77 41 19 12
5 (#737) 25,480 3487 8895 82 47 20 14
6 (4823) 1920 742 2170 5 5 2 2
7 (#982) 36,120 479 2419 34 12 16 10
3 (#1043) 38,760 3033 5997 101 52 23 14
9 (#1048) 1800 479 1579 ] 4 1 1
10 (#1075) 44,000 782 3015 100 50 19 12
11 (#643) 600 134 395 1 1 0 0
12 (#646) 1520 386 1128 4 3 1 1
13 (#674) 240 38 79 1 0 0 0
14 (#680) 280 54 148 1 0 0 0
15 (#713) 120 6 19 0 0 0 0
16 (#714) 280 261 548 1 1 0 0
17 (#738) 25,520 3371 8442 44 44 20 13
18 (#775) 240 33 111 0 0 0 0
19 (#776) 160 23 91 0 0 0 0
20 (#783) 380 356 1450 2 2 1 1
21 (#817) 320 19 47 0 0 0 0
22 (#822) 240 252 502 1 1 0 0
23 (#1047) 760 1030 1030 2 2 1 1
24 (#1059) 38,920 5819 5819 51 51 21 14
25 (#1090) 1080 1198 1198 3 3 1 1

#- Annual loadings were estimated by calculating the NPS loadings for the cumulation of rainfall events during a average year.
This includes a 1 year 24 hour event of 2.2" (E.L = 26.8), 3 annual rainfall events of 1.6" (E.L = 13.4) and a series of 11 small
rainfall events of .9" (E.I. = 3.9) for a totafR” factor of 109.9. Rainfall events of less than .9" were modeled and found to
produceinsignificant amounts of sediment and nutrient yields.

SEDIMENT YIELD RESULTS

The AGNPS data indicates that the Madison/Brant watershed has a very low sediment deliverability rate at the
outlet of Brant Lake (.07 tons/acre ys yearevend- This is equivalentto a load of 3015 tons of sediment. However,
there are a number of individual subwatersheds which have elevated sediment deliverability rates. The mean

_subwatershed sediment deliverability rate within the Madison/Brant watershed was estimated to be 0.76
tONS/ACTE 55 year event -  SUbwatersheds with elevated sediment deliverability are 6(#823), 16(#714), 20(#783),
22(#822),23(#1047) and 25(#1090). These subwatersheds are located in an area northeast of Madison Lake,
north of Round Lake and north and east of Brant Lake. A comparison of the subwatershed total sediment yield
to its aerial size fora 25 year storm event is:

SUBWATERSHED EST. % TOTAL SEDIMENTLOADING % OF WATERSHED AREA # OF CRITICAL CELLS
6 (#823) 8.7% 5.9% 5
16 (#714) : 2.2% 0.9% 1
20 (#783) 5.9% 2.7% 4
22 (#822) 2.0% 0.7% 0
23 (#1047) 4.2% 1.8% 3
25 (#1090) 4.8% 2.5% 5

Totals 27.8% 14.5% 18 of 75 (24%)
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SEDIMENT ANALYSIS

Subwatersheds 6(#823), 16(#714), 20(#783), 22(#822), 23(#1047) and 25(#1090) are delivering high amounts
of sediment to the watershed. These subwatersheds were found to contribute 27.8% of the total sediment,
contain 24% of the critical erosion cells while occupying only 14.5% of the watershed area. The high
sediment yields can be attributed to landuse, amount of surface residue and landslope. The suspected source of
this sediment is from 1280 acres of cropland with slopes ranging from 7-18% which are currently cropped or
have poor vegetative cover (C-factors .09-.35). The conversion of this acreage to a high residue management
system or rangeland (landslopes > 7%) should reduce the amount of sediment delivered to the watershed.
Subwatersheds 16(#714), 20(#783) and 22(#822) have very high sediment deliverability rates of 1.96, 1.65,
and 2.09 tons/acre, respectively. This high deliverability rate can probably be attributed to the small size of
the subwatersheds, their proximity to Madison Lake and their resulting short sediment travel length. Efforts
should be taken to assure that high residue practices are promoted within these subwatersheds.

* An analysis of the sediment transport and deliverability throughout the watershed indicated during a 25 year
storm event, approximately 15,130 tons of sediment enter Madison Lake and 2,419 tons of sediment leave the
lake and approximately 9,626 tons of sediment enter Brant Lake and 3,015 tons of sediment leavethe lake.
This correlates to a trapping efficiency of 84% for Madison Lake and 69% for Brant Lake. Due to the
trapping efficiency of these two lakes, the net watershed sediment deliverability rate at the outlet of Brant
Lake of .07 tons/acre 35 year event appears to be very low. However, this low rate under estimates the status of
erosion and sediment deliverability rates throughout the watershed.

The impact of sediment erosion derived from gully erosion, riparian areas, wind and their deliverability to the
watershed was not modeled. Efforts should be made to target appropriate best management practices (BMP’s)
to the identified six critical subwatershedsand the 75 critical erosion cells identified on page 5 and 6.

NUTRIENT YIELD RESULTS

The AGNPS data indicates that the Madison/Brant watershed (at Brant Lake outlet) has a total nitrogen
(soluble + sediment bound) deliverability rate of .0011 tons/acre 55 year event » and a total phosphorus (soluble +
sediment bound) deliverability rate of .0003 tonS/acre 55 yearevent- The total amount of nutrients delivered from
the Madison/Brant watershed for a 25 year event is estimated to be 50.2 tons of nitrogen and 12.3 tons of
phosphorus. However, the mean subwatershed nutrient deliverability rate within the Madison/Brant watershed
was estimated to be .0022 tONS/aCTe 55 yesr evene fOr Mitrogen and .0008 tons/acre 25 year event for phosphorus.
Subwatersheds 3(#477), 16(#714), 19(#776), 20(#783), 22(#822) and 23(#1047) are contributing more than 5
Ibs/acre of nitrogen and more than 2 Ibs/acre of phosphorous. These critical subwatersheds are all less than
2000 acres and are located in areas adjacent to the Lake Herman outlet and northeast of Madison Lake, north of
Round Lake and north and east of Brant Lake.

TOTAL NUTRIENT ANALYSIS

Subwatersheds 16(#714), 19(#776), 20(#783), 22(#822) and 23(#1047) appear to be contributing elevated
levels of total nutrients, however this can probably be attributed to the nutrients which are associated with the
high sediment yields from these subwatersheds. This is verified by the fact that of the five critical nutrient
subwatersheds four of these subwatersheds were identified as critical erosion subwatersheds. Subwatershed
3(#477) elevated nutrient rate of .0069 tons/acre 55 year event (high water soluble) can be attributed to the high
nutrient concentration releases from Lake Herman for the model storm event. The elevated nutrient levels
found within subwatersheds 20(#783), 23(#1047) and 18(#1030) are associated with nutrients from agricultural
lands which are utilized as cropland and where fertilizeris applied.
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Overall, the total nutrients delivered from the Madison/Brant watershed is high when adjusted for its watershed
size and deliverability system (mean of .0022 tons/acre »s year event fOr nitrogen and .0008 tons/acre s year event for
phosphorus). The most likely source of nutrients is probably from fertilization practlces on cropland, sediment
attached nutrients and from animal feeding operations within the watershed.

OBJECTIVE 2 - IDENTIFICATION OF CRITICAL NPS CELLS (25 YEAR EVENT)
Priority Erosion Cells Priority Feeding Areas Priority Nitrogen Cells Priority Phosphorus Cells

(erosion >8.0 tons/acre) (AGNPS ranking >30) (Sed.Nit. > 9.8 lbs/acre) (Sed.Phos. > 4.9 lbs/acre)
37 10. OGtons/acre 984 (52) * 88 10. SZlbs/ac * 88 5.16 lbs/ac
182 8.66 : 982 (50) * 113 10.79 *113 5.39

*222 15.77 " 11 (49) * 149 1027 " *149 5.13 "

*233 15.75 " 89 (45) * 151 11.31 " *151 5.65 "

*264 13.43 " 836 (43) * 193 11.31 " *193 5.65 "

*282 9.53 " 592 (44) * 222 1950 " *222 9.75 "

298 15.16 " 188 (42) * 233 1899 " *233 9.49 "

*322 9.57 " 1051 (39) * 264 1719 " *264 8.59 "

*324 10.83 " 806 (39) * 282 1281 " *282 6.40 "

*341 9.53 " 162 (39) * 310 1035 " *310 5.18 "

*352 11.26 " 195 (39) * 322 12.72 " *322 6.36: "

*370 13.86 " 68 (38) * 333 1024 " *333 5.12 "

*487 13.86 " 64 (37) * 337 1027 " *337 5.14 "

494 10.83 " 99 (37 * 341 12.72 " *341 6.36 "

*528 10.94 " 155 (36) * 352 1464 " *352 7.32 "

562 11.69 " 458 (35) *369 11.31 " *369 5.65 "

581 10.83 " 730 (35) * 370 1767 " *370 8.84 "

602 1040 " 666 (34) * 378 1035 " *378 5.18 "

636 13.86 " 813 (34) * 394 10.00 " *394 5.00 "

648 953 " 638 (34) * 486 1032 " *486 5.16 "

700 9.53 " 846 (31) * 487 1749 " *487 8.75 "

714 18.90 " 65 (31) * 488 10.18 " *488 5.09 "

*715 11.26 " 8 (30) * 516 10.28 " *516 5.14 "

716 8.66 " * 528 1493 " *528 7.47 "

747 6648 " * 554 1020 " *554 5.10 "

*748 1040 " * 612 10.16 " *612 5.08 "

749 32.80 " * 620 11.31 " *620 5.65 "

752 9.10 " * 628 1131 " *628 5.65 "

*759 9.53 " 636 11.14 " 636 5.57 "

767 18.90 " * 655 1047 " *655 5.24 "

784 32.80 " * 657 11.05 " *657 5.52 "

788 8.66 " * 668 10.18 " *668 5.09 "

802 14.70 " * 671 10.88 " *671 5.44 "

824 12.13 " * 715 14.79 " *715 7.40 "

825 9.53 " * 719 1053 " *719 5.26 "

*826 9.53 " 747 29.50 " 747 14.75 "

*830 11.26 " ‘ * 748 1345 " *748 6.73 "

*835 15.16 " * 759 12.82 " *759 6.41 "

*840 13.86 " * 791 10.08 " *791 5.04 Y

857 27.01 " * 809 1007 " *809 5.03 "

858 15.16 " 824 990 " 824 4.95 "

*860 9.96 " 825 9.98 " 825 4.99 "

861 33.76 " * 826 1281 " *826 6.40 "

*862 15.16 " * 830 14.75 " *830 7.37 "

*867 11.69 " * 835 1942 " *835 9.71 "

874 13.86 " * 840 1762 " *840 8.81 "

*886 9.53 " . * 842 1079 " *842 5.39 "

889 953 " 857 15.29 " 857 7.65 "

892 13.86 " 858 12.77 " 858 6.03 "

*901 9.53 " * 80 13.27 " *860 6.63 "

903 866 " * 862 19.37 " *862 9.69 "
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Priority Erosion Cells Priority Nitrogen Cells Priority Phosphorus Cells

(erosion >8.0 tons/acre) (Sed.Nit. > 9.8 lbs/acre) (sed.Phos. > 4.9 lbs/acre)
*904 9.53 " * 867 1543 " *867 7.71 "
913 953 " 874 10.02 " ) 874 5.01 "
*914 15.16 " *885 990 " *885 4.95 "
915 15.16 " * 886 1281 " *886 6.40 "
917 9.53 " * 891 1056 " *891 5.28 "
*941 9.10 " 892 982 " 892 4.91 "
*942 9.96 " *900 11.31 " ‘ *900 5.65 "
*961 14.73 " *901 1285 " *901 6.43 "
963 25.08 " * 904 1281 " *904 6.40 "
964 12.99 " 913 1193 " 913 5.97 "
974 32.80 " * 914 19.37 " *914 9.69 "
993 996 " * 041 1234 " *941 6.17 "

- *1005 14.73 " * 942 13.11 " *942 6.56 "
1009 29.07 " * 961 1883 " *961 9.42 "
*1013 9.53 " *1005 18.79 " * 1005 9.40 "
1028 11.26 " *1013 1289 " *1013 6.44 "
*102918.33 " *1029 21.34 " *102910.67 "
*103310.83 " *1033 14.51 " *1033 7.26 "
*1034 8.66 " *1034 1197 " * 1034 5.99 "
*1035 9.10 " *1035 12,55 " * 1035 6.27 "
1037 9.53 " *1049 18.03 " * 1049 9.02 "
*104913.86 " 1050 10.26 " 1050 5.13 "
106515.34 " 1065 15.11 " 1065 7.56 "
1082 8.68 "

* _ Primary Cell

Based upon an evaluation of NPS cell yield data, the following critical cell yield criteria was established:

sediment erosionrate 2 8.0 tons/acre
sedimentnitrogen cell yields 2 9.8 lbs/acre
sediment phosphoruscell yields 2 4.9 Ibs/acre

An analysis of the Madison/Brant watershed indicates that there are approximately 75 cells which have a
sediment yield greater than 8.0 tons/acre. This is approximately 6.8% of the cells found within the entire
watershed. The yields for each of these cells are listed on pages 5 and 6, and their locations are documented
on page 21. Based upon a subwatershed area weighted to number of critical cells analysis, the most critical
area for sediment erosion and deliverability was found to be from subwatersheds 6(#823), 20(#783), 23(#1047)
and 25(#1090).

The model estimated that there are 74 cells which have a total sediment nitrogen yield greater than 9.8 1bs./acre
and a total sediment phosphorus yield greater than 4.9 Ibs./acre. This is approximately 6.7% of the cells S
within the watershed. The yields for each of these cells are listed on pages 5 and 6, and their locations are
documented on pages 22 and 23. Based upon a subwatershed area weighted to number of critical cells
analysis, the most critical source of nutrients and deliverability are from subwatersheds 6(#823), 20(#783),
and to a much lesser degree from subwatersheds 23(#1047) and 25(#1090). Subwatershed 2(#399) contains
over 50% (21 of 41) of the animal feeding areas found within the watershed while comprising only 32% of the
watershed area. These two critical subwatersheds, the critical animal feeding areas and identified critical NPS
cells should be given high priority when installing any future best management practices. Cells which are
primary cells (cells which do not receive flow from other cells), may appear to have elevated nutrient
concentrations due to low flow rates. Therefore, cells which are primary cells may not warrant the installation
of best management practices. It is recommended that any targeted cells, subwatersheds, or feeding areas
should be field verified prior to the installation of any best management practices.
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OBJECTIVE 3 - PRIORITY RANKING OF ANIMAL FEEDING AREAS (25 YEAR EVENT)

A total of 41 animal feeding areas were identified as potential NPS sources during the AGNPS data acquisition
phase of the project. On pages 10 -13 is a listing of the AGNPS analysis of each feeding area. Of these, 24 were
found to have an AGNPS ranking of 30 or greater and three had an AGNPS ranking of 50 or greater. AGNPS
ranks feeding areas from 0 to 100 with a 0 ranked feeding area yielding very little nutrients and 100 ranking
yielding large amounts of nutrients.

AGNPS cells #474, #982 and #984 appear to be contributing significant levels (AGNPS ranking > 50) of nutrients
to the watershed and feeding areas located in cells #11, #64, #65, #68, #89, #99, #155, #162, #188, #195, #458,
#592, #638, #730, #806, #813,#836 and #1051 appear to be contributing elevated levels (AGNPS ranking > 30) of
nutrients to the watershed. An analysis to evaluate the impact of feeding areas was also performed. When the
model was run with the feeding areas with an AGNPS rating > 30 taken out of the watershed, the total
phosphorous load into Madison Lake was reduced from 37,285 lbs. to 26,952 1bs. (27.7% reduction) and the total
nitrogen load into Madison Lake was reduced from 115,884 1bs. to 77,089 1bs. (33.5% reduction). When this was
applied to Brant Lake, the total phosphorous load into Brant Lake was reduced from 34,812 Ibs. to 21,328 Ibs.
(38.7% reduction) and the total nitrogen load into Brant Lake was reduced from 118,900 1bs. to 73,115 Ibs. (38.5%
reduction).

It is recommended that these animal feeding areas be evaluated for potential operational or structural modifications
in order to minimize future nutrient releases. It is also recommended that all other potential feeding areas within
the watershed be evaluated. Other possible sources of nutrient loadings not modeled through this study were those
from septic systems and from livestock depositing fecal material directly into the lakes or adjacent streams.
Overall, based upon the accuracy of the watershed information gathered as part of this study, the total nutrients
contributed from animal feeding areas within the Madison/Brant watershed is high.
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CONCLUSIONS
Sediment

The overall sediment loadings from the watershed to the outlet of Brant Lake is very low (.07 tONS/acre »s year
even- This rate is equivalent to 3015 tons of sediment. This rate (.07 tONS/aCTe 25 year eveny) 1S Much lower than
the calculated subwatershed mean value of 0.76 tons/acre,s yearevenr 1his difference can probably be attributed
to the impact of the routing of sediment through the Madison/Round/Brant lakes. Due to the trapping
efficiency of these three lakes, the net watershed sediment deliverability rate at the outlet of Brant Lake of .07
tONS/aCre 25 year event aPPeArs to be very low. However, this low rate under estimates the status of erosion and
sediment deliverability rates throughout the watershed.

When a detailed subwatershed analysis was performed, six of the 23 subwatersheds analyzed appeared to have
very high sediment deliverability rates. Subwatersheds 6(#823), 16(#714), 20(#783),22(#822), 23(#1047) and
25(#1090) were found to be contributing elevated levels of sediment.

An analysis of individual cell sediment yields indicated that out of the 1100 cells found within the
Madison/Brant watershed, 75 (6.8%) had sediment erosion yields greater than 8.0 tons/acre s year event - The
suspected primary source of elevated sedimentation within the critical cells is from agricultural lands which
have land slopes of 7% or greater which are utilized as cropland (high C-factor), or rangeland areas located on
land slopes of 12% or greater which are overgrazed and therefore in poor condition. In order to reduce
sedimentation from these 75 critical cells, the appropriate best management practices should be installed.

Therefore, it is recommended that efforts to reduce sediment should be focused within the identified critical
subwatersheds and individual critical erosion cells located throughout the watershed. Based upon a
subwatershed area weighted to number of critical cells analysis, the most critical area for sediment erosion and
deliverability was found to be from subwatersheds 6(#823), 20(#783), 22(#822), and 25(#1090). It is
recommended that any targeted cell should be field verified prior to the installation of any best management
practices.

Nutrients

Overall, the nutrient loadings from the Madison/Brant watershed to the outlet of Brant Lake is .0011 tons/acre
25 year event 10T total nitrogen and .0003 tons/acre s year event for total phosphorus. The estimated total 25 year
event load of nutrients delivered at the outlet of the Brant Lake is 50.2 tons of nitrogen and 12.3 tons of
phosphorus. This is probably pessimistic due to the sediment trapping impact of the Madison/Round/Brant
lakes. However, the average subwatershed nutrient deliverability rate within the Madison/Brant watershed
was estimated to be .0022 tONS/acre 55 yearevent for nitrogenand .0008 tONS/ACTE 75 year event fOT PhOsphorus. When
a detailed subwatershed analysis was performed, five of the nineteen subwatersheds analyzed appeared to have
high nutrient deliverability rates. An analysis of individual cell nutrient yields indicated that out of the 1100
cells found within the watershed, 74 (6.7%) had sediment nitrogen yields greater than 9.8 Ibs./acre and
sediment phosphorus yields greater than 4.9 lbs/acre. The majority of the identified critical cells
(approximately 85%) are primary cells.
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Based upon a subwatershed area weighted to number of critical cells analysis, the most critical source of
nutrients and d